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Abstract

It has been determined that carpet-forming mosses are
good indicators of heavy metal deposition, since they are
dependent on their supply of nutrients from above rather than
from the substrate. Samples of the common carpet-forming
pleurocarpous moss Pleurozium schreberi (Brid.) Mitt. and
the underlying soil were collected during the summer and
early fall of 1975 from 105 sites in northwestern Ontario.
Analyses were carried out on all samples for the heavy metals
cd, Cu, Fe, Hg, Mn, Ni, Pb and Zn, using atomic absorption
spectrophotometry. BRBesults were expressed as ppm (dry weight).
Soil pH and loss on ignition were also measured. The results
were in general agreement with those reported elsewhere in
the literature. As expected, moss analysis was shown to be
a more reliable indicator of metal deposition than soil analysis.

The relationship between the moss and soil metal contents
was found to be such that in relatively highly polluted areas
the soil content::£~most metals was considerably greater than
the moss content, whereas in relatively unpolluted areas the
gap between soil and moss content decreased.

The approximate rangesof background concentrations of
heavy metals in P. schreberi samples collected 50 - 200 km
from the city of Thunder Bay were as follows: Cd, 0.50 -

0.64; Cu, 6.6 - 8.8; Fe, 692 - 944; Hg, 0,061 - 0.092; Mn,
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Significant positive correlations in moss metal content
were encountered between all nossible pairs of metals except
those involving Mn. In addition, the concentrations of all metals
except Mn in the moss were found to decrease with increasing
distance from probable sources of emission, and increase with
increasing cover over the collection site.

Significant sources of emissions within the city of

Thunder Bay may exist for Cd, Cu, Pb and Zn.
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Part 1

INTRODUCTION




A) Purpose of Study

The main purpose of this study was to determine the con-
centrations of several heavy metals in a common carpet-forming
moss and in the substrate in northwestern Ontario. This involved
a determination of levels near the city of Thunder Bay as well as
possible background levels. Additional aims were: to determine
possible relationships with distance from Thunder Bay, to compare
moss and soil levels, and to determine possible relationships

with canopy cover.

B) Moss Svecies Sampled

The pleurocarpous feather moss Pleurozium schrebert
(Brid.,) Mitt. was used exclusively (Figure 1). In a frequency
study, P. Barclay-Estrup (personal communication) has shown
that this is the most common bryophyte in the study area. It
often forms an extensive carpet on the boreal forest floor
(Figure 2). An account of the morphology and distribution of
the moss is provided by Crum (1973),

Rinne (1975) has determined that there is no significant
difference (p £ 0.05) between the metal content of P. schrebert
and that of another common carpet-forming species, Hylocomzium
splendens (Hedw.) BSG., collected from the same site. H#. splendens
has previously been used in several Scandinavian heavy metal

investigations (Rithling and Tyler, 1968, 1969, 1970, 1973).









Figure 1

Pleurozium schreberi, actual size

Figure 2

Carpet of P. schreberi on floor of boreal forest



C) Significance of Study

Even small amounts of some heavy metals, notably Pbh
(Blokker, 1971), Cd (Nordberg, 1974) and Hg (D'Itri, 1972;
Olson and Cooper, 1973; The Ontario Public Interest Research
Group, 1976) are injurious to man and to other organisms.

Tyler (1972, 1974) has hypothesized that heavy metals may
reduce the productivity of the ecosystem by inhibiting micro-
organisms responsible for decommosition. Simola (1977), on the
other hand, speculates that if growth of mosses were pnromoted
bv low concentrations of pollutants, paludification of forests
could result, which would similarly reduce the nroductivitv of
forest ecosystems.

An enrichment of heavy metals occurs to a certain degree
in the food chain, but information on the course and extent of
this accumulation is incomplete. There is evidence that heavy
metal enrichment occurs in decomposing organic matter because
of leaching from surface matter (Pakarinen and Tolonen, 1977)
and/or because the release of metals upon decomposition of
litter is comparatively less than the decrease in litter mass.
This accumulation could be suddenly released into the ecosystem

after clear-cutting or a forest fire (Tyler, 1972).

D) Studies on Toxicity of Heavy Metals to Bryophytes

Very little research has bheen done on vpossible detrimental
effects to bryophytes of high concentrations of heavy metals,

Simola (1977) studied the effect of Pb and Cd ions on the growth



and fine structure of Sphagnum nemoreum Scop. in aseptic
cultures. She found that this moss tolerated Pb surprisingly
well (11 mg/l solution), suffering only some degeneration of
photosynthetic cells. Cd at a similar ccncentration, however,
was lethal.

Coombes and Lepp (1974) found evidence of Cu and Zn
damage to Funaria hygrometrica Hedw. and to the liverwort
Marehantia polymorpha L. Cu was found to be the more toxic
to both species. Cu levels above 8 mg/l in the medium prevented
protonemal growth and inhibited spore germination in F. hygro-
metrica, and reduced the growth of M. polymorpha gemmalings.
Zn decreased the % spore germination in F. hygrometrica.
Distinct morphological changes were also observed.

Gullvag et al. (1974) studied Pb accumulation in moss
leaves and found that the thick cell wall of H. splendens was

a potent barrier to Pb penetration into the cytoplasm.

E) Carpet-forming Mosses as Indicators of Heavy Metal Deposition

I) Suitability as Compared to Other Plants

Although vascular plants have been successfully used as
determinants of heavy metal deposition near industrial centres
(Goodman and Roberts, 1971; Czarnowska, 1974; Hutchinson and
Whikby, 1974; McGovern, 1975; Balsillie et al., 1975; McGovern
and Balsillie, 1975) and of Pb deposition near roadways (re-
viewed by Smith, 1976), bryophytes and lichens have been shown
to concentrate heavy metals in larger amounts in both natural

(Shacklette, 1965) and man-influenced environments (Riihling and



Tyler, 1968; Goodman and Roberts, 1971; Huckabee, 1973; Czarnowska,
1974; Le Blanc et al., 1974).

Most epiphytic bryophytes and lichens are so sensitive
to certain environmental factors (e.q. so, pollution) in sites
severely affected by human activity that they are almost lacking
in densely inhabited or industrialized areas. The resultant
distribution patterns have been used to delineate areas subjected
to different degrees of pollution (Ferry et al., 1973; Stringer
and Stringer, 1974; Le Blanc et al., 1974; Hawksworth and
Rose, 1976).

Carpet~forming mosses have no organs for direct uptake
of nutrients from the substrate, and there is no direct contact
between active, living tissue and the soil in a closed carpet.
Thus, they are almost ekclusively dependent on their supply of
nutrients from above. 'This makes them good indicators of
atmospheric heavy metal deposition, even in relatively unpolluted
areas. Atmospheric salts and aerosols in the precipitation, dry
deposition of dust, and leaching or washoff from higher
vegetation and litter are the main sources of mineral supply to
the carpet-forming mosses (Tyler, 1972).

Mosses have been used by Ruhling and Tyler (1968, 1969,
1973) and Makinen and Pakarinen (1977) to map the deposition
of heavy metals in Scandinavia, and by Groet (1976) to relate
variations in heavy metal content to atmospheric deposition
in the northeastern U.S,A. They have also been used to study

heavy metal fallout in industrial sites (Goodman and Roberts,



1971; Tyler, 1971; Burkitt et _al., 1972; Czarnowska, 1974;
Little and Martin, 1974; Le Blanc et al., 1974) and Pb
deposition near roadways (Rithling and Tyler, 1968; Warren,
1976). In addition, Yeaple (1972) and Huckabee (1973) have
shown that mosses are sensitive indicators of air-borne Hg
pollution; and Wallin (1976) used a carpet-forming moss to

survey deposition of Hg from chlor-alkali plant emissions.

II) Capacity for Sorption of Heavy Metals

Rithling and Tyler (1970) have established the great capacity
of H, splendens for sorbing of heavy metals from dilute solutions.
They found the degree of sorption between heavy metal cations and
negatively-charged organic groups to follow the order: Cu,
Pb>Ni>Co2Cd>Zn2Mn. Even traces of Cu and Pb were shown to be
quickly and quantitatively sorbed from dilute solutions containing
relatively large amounts of other ions (Na, K, Ca, Mg).

Le Blanc et al. (1974) determined a somewhat different
order of the relative degree of sorption of heavy metals by
H, splendens, this being: Pb >Cu >Zn>Cd. They speculate that
the order may not be constant in a particular species but rather
may vary from one geographical area to another.

Svensson and Liden (1965) have demonstrated the capacity
of P, schreberi for sorbing radioactive fallout from nuclear
bomb tests. The fission products 95Zr + 95Nb and 140Ba + 140La
were almost quantitatively retained.

The passive sorption of heavy metal ions is mainly a

process of simple ion exchange. When samples of 4. splendens



were treated with dilute N1012 solutions, they released an
equivalent amount of other cations in exchange for Ni2+.

However, only 2/3 of the Cu content of Cu-saturated samples

could be removed by repeated leaching with strong Mgcl2 solutions,
the remaining Cu being retained chelated in an almost inexchange-
able form (Rithling and Tyler, 1970).

The inability of carpet-forming mosses to sorb minerals
directly from the substrate, the great cation exchange capacity
of their tissues, and the stability of the chelates formed
between heavy metal ions and organic groups, make these organisms

suitable indicators for surveying heavy metal deposition.



Part 2

METHODS AND MATERIALS




A) Description of Study Area

The study area is located in northwestern Ontario,
Camada, centred about the city of Thunder Bay (population
117,000 (1976)), on the north shore of Lake Superior (Figure 3).
The main study area (Figure 4) lies between 88° and 92° west
longitude and between 48° and 50° north latitude.

In general, the area is relatively remote from large
urban or industrial centres. Thunder Bay itself contains no
real metallurgical industries, and the nearest city of comparable
size is more than 250 km distant to the south-west. The
northern-most region of the study area, located 200 km from
Thunder Bay, lies within a region that must be considered to
be essentially free of local pollution sources.

Two forest regions (Rowe, 1972) are present in the study
area. The greater part of the area (i.e. north of Thunder Bay)
is situated in the southern part of the Boreal forest region
(corresponding to the Southern Boreal forest zone recognized
by Ahti (1964)), the characteristic tree species being Picea
mariana (Mill.) BSP. and P, glauca (Moench) Voss; other conifers
are Lariz larieina (Du Roi) K. Koch, Abies balsamea (L.) Mill.
and Pinus banksiana Lamb, There is also a general admixture
of broad-leafed trees such as Betula papyrifera Marsh,, Populus
tremuloides Michx. and P, balsamifera L.

To the west and south of Thunder Bay lies the western-
most segment of the Great Lakes - St. Lawrence forest region

(placed within the Hemi-boreal forest zone by Ahti (1964)),
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Figure 3

Location of study areas with main study area outlined
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Figure 4

Main study area
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large areas of which are dominated by Pinus strobus L. and
Pinus resinosa Ait. Disturbances such as logging and fire
have resulted in frequent pure or mixed stands of P. banksiana,
P. tremuloides, B. papyrifera, A. balsamea, P. glauca, and
P. mariana (i.e. virtually all the species characteristic
of the Boreal forest region to the north), associated with
varying amounts of P. strobus and P. resinosa. There is, in
addition, a scattering of various other hardwoods.

The elevation of the study area varies between approximately
200 m near the lake to 450 m inland. Mean annual precipitation
is approximately 800 mm.

The prevailing wind at Thunder Bay is from the west. The
regional wind distribution (compiled from unpublished Environment

Canada statistics for the period 1958 - 72) is shown in Figure 5.

B) Sampling Locations

A total of 105 sites were sampled during the period
June to October, 1975. (Rihling and Tyler (personal
communication) have observed no seasonal variations in the
metal content of carpet-forming mosses,) These 105 sites have
been divided into 6 groups, the locations of which are shown
in Figures 3 and 5. A more exact location of each site, as
well as associated dominant species, is given in Appendix 1.

For the purposes of examining distance relationships
around Thunder Bay, sites in Groups II - V were divided as

follows:
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"proximate" sites sites <30 km from city

"distant" sites sites >50 km from city (excluding
@roups I and VI),

Group I sites (No. 1-25) were situated at approximately
1.6 km-intervals along a transect parallelling Hwy. 599, near
Ignace, Ont., 200 km north-west of Thunder Bay. Group II sites
(No. 26-49) parallelled Hwy. 527, at approximately 3.2 km-
intervals, ranging in distance from 5 to 65 km north of the
urban limit of Thunder Bay (see Figure 5). Group III sites
(No. 50-66) were dispersed in the region south, south-west of
Thunder Bay between the city and the International Border between
Canada and the United States (approximately 50 km away). Sites
in Group 1V (No. 67-82) were located east from Thunder Bay as
far as Dorion (60 km distant) and along the Sibley Peninsula.
Sites in Group V (No. 83-98) lay along a transect which followed
Highways 102, 11/17 and 11 as they extend in a westerly direction
from Thunder Bay. These sites were situated from 4 to 137 km
west of the urban limits of the city. Site 99 was located 20
km rorth of Thunder Bay while site 100 was situated 73 km west,
south-west of the city. Group VI sites (No. 101-105) were
located at Marathon, Ont., 200 km east of Thunder Bay.

In order to minimize effects of emission sources
immediately adjacent to the sampling sites, primarily as re-
gards Pb in automobile exhaust, all sites (with the exception
of those in Group VI) were located at least 50 m, but usually
100 m or more, from roadways. Although a minimum distance of

300 m has been selected by some investigators (Rithling and
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Tyler 1969, 1973; Goodman and Roberts, 1971; Pakarinen and
Tolonen, 1976), it was not considered practical to maintain this
distance due to dense vegetation and difficulty of the terrain.

In addition, analyses have indicated that the decrease
in Pb content of wegetation is logarithmic and so dramatic that
a ;0% reduction is effected within the first 10 - 20 m (Ward
et al., 1975), and that the background level is attained after
40 m (Pakarinen and Tolonen, 1976).

In view of these findings, and the fact that traffic
flows on northwestern Ontario roaadways are relatively light,

50 m was considered an adequate distance for the purposes of
this investigation.

Where possible, sites were selected so as to have a
minimum of overlying vegetation canopy or cover in order to
reduce contamination via run-off (stem flow) and to maintain
a relatively uniform degree of exposure to particles in the

atmosphere.

C) Method of Sampling

After a suitable site had been chosen, approximately
25 g of moss were gathered via a "grab" method (so that a
sample consisted of green moss tissue plus any dead or dying
brown tissue which "came away" when the living material was
pulled from the substrate). This method of sampling P. schreberi
is the same as that employed by Damman (1971). The sample was

placed in a clear plastic bag and sealed with a twist-tie.
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A so0il sample, composed of an approximately 10 cm x 10 cm x 5
cm volume of substrate from directly below the moss sampling
location, was also collected and placed in a plastic bag. 1In
some instances it was not possible to collect soil when the
substragi consisted of rock or wood.

Lists of those trees and upright shrubs either rooted
in or partially overhanging a 2 m x 2 m quadrat, centred about
the sampling site, were compiled. These are contained in
Appendix 1 - Site Data. The nomenclature is that of Lakela
(1965). An estimate was also made of the % canopy closure or
cover of each quadrat, and a value of 1 to 5 assigned based on
an approximate cover of 0 - 20% (1) up to 80 - 100% (5).

The labelled moss and soil samples were placed in a deep
freeze within 24 h of collection and maintained at approximately

-10°C until the analyses were begun.

D) Methods of Analyses

I) Moss

a) Sample Preparation

Moss samples were removed from the deep freeze in batches
of 25 and, after having thawed, were carefully sorted by hand
to remove foreign material. A washing procedure was not under-
taken., Previous analyses (Rinne, 1975) had shown that washing
did not significantly reduce the apparent metal content of
P, schreberi collected in relatively uncontaminated sites.
Also, Tyler (personal communication) has found that even

distilled water-washing can increase the Cu content of
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P, schreberi, because the moss has a very great capacity for
sorption of this metal.

The samples were spread out on aluminum trays and air-
dried for a minimum of 48 h. In order to ensure that this method
provided an essentially complete removal of moisture, 5 weighed,
air-dried samples were oven-dried at 80°C for 4 h and re-weighed.

The air-dried samples were ground in a Waring blender
at high speed for approximately 1 min., The resultant powdered
moss was poured into acid-washed glass jars and sealed with
plastic caps.

In order to test for possible contamination from the
stainless steel blades of the blender, portions of 9 moss samples
were ground at high speed for an additional 4 min.

Dry, pre-ground orchard leaf samples (Standard Reference
Material No. 1571, of the National Bureau of Standards, U.S.
Dept. of Commerce) were used as a control for the sample ashing
and instrumental analyses. They were not placed on the aluminum
trays, nor were they ground in the blender.

The actual analyses were performed by the author during
the period January 1976 o January 1977 at the Ontario Ministry

of the Environment Laboratory in Thunder Bay.

b) Sample Analyses for All Metals Except Hg

Through a process which combined previous experience
(Rinne, 1975) with a great deal of trial and error, the following

digestion procedure was adooted. It provides for an essentially
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complete digestion of organic matter without the use of perchloric
or hydrofluoric acids, while at the same time minimizing losses

of volatile elements such as Cd and Pbh., The method was originally
based on one suggested by Brooks (1972) but has involved
considerable modification. All glassware was acid-washed in

10% HC1, rinsed 4 times in running tap water and 6 times in
deionized, distilled water.

One gram portions of the dry, nowdered moss were placed
into 25 x 200 mm test tubes and ashed for 12 h at 450°C. This
tempnerature was selected because it was determined (personal
communication, D. Murray) that significant losses of Cd and Pb
could occur at higher temperatures. Upon removal from the muffle
furnace and subsequent cooling, 4 ml of HNO3 and 1 ml of HC1
were added to each tube. A blank solution containing only these
acids was prepared at this point. The samples were then heated
in a water bath on a hot block for % h, or until yellow fuming
had ceased (indicating that HNO, was no longer present). The
samples were cooled again and approximately 15 ml of deionized,
distilled water were added. All samples were then filtered
through 9 cm glass-fibre filter papers into graduated 25 & 200
mm test tubes and made up to 50 ml volume. Squares of "Parafilm"
brand plastic film were placed over the tubes, which were then
inverted 6 times to ensure complete mixing. The small amount of
susvended matter present in most tubes was allowed to settle.

A Varian-techtron model AA-5 atomic absorption

spectrophotometer was used for analyses of the heavy metals
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c4, Cu, Fe, Mn, Ni, Pb and Zn. Analyses were carried out
directly on the filtrate for all but Mn and Fe, which generally
required a 5=X dilution. Co}%ﬂglysis was attempted, but
levels were found to be below the instrument detection limit
for most samples. A hydrogen ion discharge lamp, which corrects
for background signals not attributable to the metal heing
measured, was found to be necessary only for Ni and Cd, due to
their naturally low levels. It was determined after the analyses
were complete that the hydrogengdischarge lamp is "difficult
to use" for Ni because its output spectrum contains a super-
imposed Ni spectrum (Kahn and Manning, 1972). The actual
effect that this would have on specific determinations is,
however, not known, but it is felt that the effect would be
relatively constant and should not affect comparisons of the
data within the context of the study. In any event, it was
discovered that when background correction for Ni was not
used for the orchard leaves, a large positive error resulted.
It was therefore assumed that a similar error would result if
background correction were not used for the moss and soil samples.
Although the AA-5 instrument was equipped with a digital
readout which could be set to present an average reading over
several different time intervals, it was not used. Instead,
peaks were recorded on graph paper and metal concentrations
subsequently calculated from standard curves. This latter
method was found to provide a greater degree of accuracy

because fluctuations in the baseline were visible and easily



- 23 -

corrected for.

The instrument settings emploved for the various metals
are listed in Table 1. The detection limits are also given
here, along with an explanation of how they were arrived at.

Standard solutions of tﬁe metals were prepared from
either stock solutions or the pure metal (commercially available)
as obtained from the Ministry of the Environment laboratory.
They were adjusted to the pH range of the samples in order to
minimize matrix error.

To obtain data on the reproducibility (precision) of
the method, the same moss sample was digested and analyzed
in duplicate during each of 6 different runs. The accuracy
of the analyses for each of the metals was judged from the
results obtained from repeated determinations of the orchard
leaf samples.

Parts per million, dry weight (ppm = mg/kg) of a metal

was calculated according to the following formula:

mg of metal in sample
wt. of sample (g)

ppm (dry wt.) = X 1000.

where mg of metal in sample =

(sample peak ht.-blank peak ht.)(units) X ppm/unit X sample vol.(ml)
- 1000

For a 50 ml sample volume, this reduces to:

net peak ht.(units) X ppm/unit X 50
wt. of sample (g)

ppm. (dry wt.) =
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Table 1la

Operating conditions of Varian-techtron model AA-5

atomic absorption spectrophotometer

The detection limits are based on the use of a ! g
sample of both moss and soil.

Table 1b

Operating conditions of Pharmacia Fine Chemicals mercury

meter

The detection limits are based on the use of a 0.3-g
moss sample and a 0.2-g soil sample.

*Detection limits were calculated by determining the
minimum concentration in a standard that would produce

a readable peak height, less any blank, on 9 out of 10
occasions, using the same instrument and chart recorder
settings that were normally employed during actual anal-
Yses (Slavin et al., 1972).
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Element Wavelength Slit Width Lamp Current Bkgd. Detection

(g) (u) (mA) Correc- Limit*
tion (mg/1)

cd 2 287 200 5 yes 0.10
Cu 3 248 100 3 no 1.8
Fe 2 483 50 5 no 40
Mn 2 795 50 5 no 10
Ni 2 320 80 B yes 0.5
Pb 2 170 300 5 no 2
Zn 2 139 200 5 no 3

Element Wayelength UV Monitor Recorder Air Flow Detection Limits*
(X) Range Setting Rate {ppm)
Setting (nv) (1/min) Moss Soil

Hg 2 537 0.08 10 3.4 0.01 0.02
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c) Sample Analysis for Total Hg

The following procedure was also arrived at through a
lengthy process of trial and error. It is based on the method
used routinely by the Ontario Ministry of the Environment
(1973) for determination of total mercury in biological material,
but again contains considerable modification. All test tubes
were soaked in a "Decon-70" soap solution for at least 24 h,
followed by 6 rinsings in hot tap water. A number of tests
(not recorded) showed that acid-washing and distilled water-
rinsing were unnecessary.

Three-tenths of one gram of each dried sample were

weighed into a 25 x 200 mm test tube and 9 ml of HNO, followed

3
by 8 ml of HZSO4 were added. Digestion was carried out on
specially constructed aluminum blocks, heated to a temperature
of approximately 200°C on a hot block (Figure 6). Digestion
was allowed to proceed until white fumes of H2504 were emitted
(Figure 7) and the samples were a clear, pale-yellow colour
with a white residue of silicate material. After cooling,
about 25 ml of distilled water were added, followed by 1 ml

of saturated KMnO4 soluticn to ensure complete oxidation.

The test tubes were swirled to distribute the permanganate
evenly, and allowed to sit for 15 min. Then 1 ml of 20%
(wt./vol.) hydroxylamine sulphate solution was added to reduce
the excess permanganate. The sample was made up to 50 ml
volume with tap water and poured into a Dreschel bottle.

Another 50 ml of water were added to the tube and this was also
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Figure 6
Diagram showing construction of aluminum hot-blocks used in

digestion of samples for Hg analysis
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Figure 7
Mercury samples fuming on hot-plate, indicating completion

of digestion

Figure 8

Aeration apparatus, mercury meter and recorder



- 3] -

poured into the bottle (final vol. = 100 ml), Three millilitres
of SnCl2 solution (20% wt./vol. in conc. HCl) were added via a
thistle tube, and the sample was immediately attached to the
aeration apparatus (which bubh2ed air through the sample and
then drew it through the column). Total Hg was determined by
absorption at 253.7 nm using a Pharmacia Fine Chemicals mercury
meter, and presented as a peak height on a recorder. The
aeration apparatus, mercury meter and recorder are shown in
Figure 8.

Organic mercury stands of 0.05, 0.10, 0.15 and 0.20
ug/ml Hg were prepared for each run from a methyl mercuric
chloride stock solution (500 ppm) made by dissolving 0.6258 g
CH3HgCl in 1000 ml of methanol. Inorganic mercury standards
were not routinely prepared because experimentation had shown
them to be unnecessary.

To obtain data on the reproducibility (precision) of
the method, 20 different samples were analyzed in duplicate
over 4 different runs. Also, to obtain data on the accuracy
of the analyses, orchard leaf samples (previously described)
were digested and analyzed in duplicate during each run.

An average run consisted of 4 organic mercury standards
in duplicate, 4 blanks, the orchard leaf sample in duplicate
and approximately 30 moss samples, including several in duplicate.

Parts per million of Hg in a sample was then calculated

in the same manner as previously described for the other metals.
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IT) Soil

a) Sample Preparation

Soil samples were removed from the freezer in batches
of 25, allowed to thaw at room temperature, and spread out
on aluminum trays to air-dry for a minimum of 48 h. The samples
were then seived through a polyethylene dish in which 2 mm-
diameter holes had been drilled, and poured into acid-washed
glass jars with plastic caps.

Metal analyses were again performed by the author at
the Regional Laboratory of the Ontaric Ministry of the
Environment. Determinations of pH and Loss on Ignition (LOI)
were performed at Lakehead University, using methods suggested

by Atkinson et al. (1958).

b) Sample Analyses for All Metals Except Hg

The digestion procedure that was ultimately adopted
is exactly the same as that used for the moss samples. This
procedure resulted in an essentially total digestion (indicated
by a minimum of residue after filtration) of the highly organic
soils. Those relatively fewer samples containing large amounts
of inorganic matter undoubtedly were not subjected to total
digestion and thus their actual total metal contents may be
greater than those stated.

Burkitt et al. (1972) used only 8 ml concentrated HNO4
to extract Pb, Zn and C4d from 1 g soil samples. They state
that experimentation with HF-dissolution showed that this

simple method gave results that were uniformly about 90%
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of absolute values.
Analyses were again performed with a Varian-techtron
model AA-5 atomic absorption spectrophotometer in an identical

fashion to that previously described for the moss.

c) Sample Analysis for Total Hg

The entire procedure is identical to that used for the
moss samples.

The results of an interlaboratory quality control study
conducted by Environment Canada (1977) indicate that this
method provides results which compare very favourably with
those obtained in other laboratories. In this study, the above
method was used to determine total Hg in 5 different Great
Lakes sediment samples. In all 5 cases, results were almost

identical to the means for the 25 laboratories which participated.

d) Determination of pH

Ten grams of dry soil were weighed into a 50 ml beaker,
and 25 ml of distilled water were added. The mixture was
stirred with a glass rod immediately, and again after 5, 10, 15
and 25 minutes had elapsed. The pH was measured at the end of
30 min with a Bechman pH meter, incorporating a glass measuring
electrode and a calomel reference electrode. The meter was
first allowed to warm up for approximately 30 min, and was

standardized with a pH 4.01 buffer solution.
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e) Determination of Loss on Ighition

Approximately 2 g of air-dried material were placed
into pre-weighed porcelain crucibles, and oven-dried over-
night at 105°C, The oven-dried soils and crucibles were
weighed to the nearest 0.001 g, and placed into a muffle
furnace. The furnace was allowed to attain a temperature
of 450°C, and was maintained at this temperature for 2 h., The
crucibles were than removed from the furnace, cooled to room
temperature in a desiccator, and reweighed. Per cent loss on

ignition was calculated according to the following formula:

oo

LOI = oven-dried wt. - burnt wt.

oven-dried wt. - wt. of crucible x 100

E) Analysis of Data

Once the concentrations of the various metals in the
samples had been calculated, the data was subijected to rigorous
statistical analysis using the IBM 360/50 model computer at

Lakehead University in Thunder Bay. The Statistical Package

for the Social Sciences (Nie et al., 1975) was extensively

employed.

The statistical analysis procedure culminated in multiple
regression analyses of the variation of metal content with
distance from the city of Thunder Bay, while controlling for the effect
of canopy cover, The relationship that best expressed this
variation was selected from among linear, semi-logarithmic,
logarithmic, and reciprocal relationships.

Metal deposition rates (i.e. mg/mz/y) were not calculated
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because no attemnt was made to determine the biomass of

P. schreberi, The best that could have been obtained, at any
rate, would be a crude estimate since the growth rates of

samples collected for analysis varied.



Part 3

RESULTS
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The results of the chemical and mathematical analyses
are presented below, They are arranged under the following
major headings: A) Checks on Methodology

B) Soil Results
I) Laboratory Data
II) Metal to Metal and Enviromment
Relatienships
III) Soil - Moss Relationships
C) Moss Results
I) Laboratory Data
II) Mean Results According to Sample Groups
T1I) Metal to Metal and Environment

Relationships

A) Checks on Methodology

Table 2 contains the air-dried and oven-dried weights
of 5 moss samples as a check on the adequacy of the air-drying
procedure. The additional loss of weight accomplished by oven-
drying was 2.40%. This indicates that the air-drying procedure
is acceptable. It was therefore adopted for use in this study.

Table 3 compares the results obtained for 9 moss samples
ground for 5 min with those for the same samples aground for the
usual 1 min. This serves as a test for possible contamination
from the blender. The results of a "paired comparison" test
determined that the 5 min moss concentrations for Fe and Ni are

significantly higher (p £ 0,05) than the 1 min concentrations.
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Table 2

Adequacy of air-drying procedure

+ At laboratory temperature and humidity, for 48 h.

+ At 80°C for an additional 4 h.
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Sample No, Air-dry Wt.+ Oven-dry Wt.* % Decrease

(9) (9)
1 2,021 1.973 2,38
2 2,444 2,390 2,22
3 2,752 2,665 3.18
4 3.456 3.394 1.79
5 2,809 2.740 2.45

Mean 2.696 2.632 2,40 + 0.50
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Table 3

Effect of blending time on metal content (ppm,

dry wt.) of P. schreberi samples
5 - 1 =5 min result - 1 min result
Mean ¥ s.D. = mean * standard deviation of (5-1) results

[ ] indicates results not used in computations

5 min results significantly higher than 1 min results:

* =p £0,05
** = p £0,01
*%** = p £0,001
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Sample Blending Observed Metal Concentrations (ppm)
No. Time
(min) cd Cu Fe Hg Mn Ni Ph Zn
29 1 0.60 6.3 9990 0.09 80 2.6 35.9 54
5 0.55 7.1 1 150 0.08 75 3.9 36.3 59
5«1 =-0.05 0.8 160 -.01 -5 1.3 0.4 5
31 1 N.50 5.8 620 0.07 291 3.7 37.4 67
5 0.50 5.4 630 0.07 279 3.5 38.4 52
5-1 0 -0.4 0 0 -12 -0.2 1.0 =15
32 1 0.65 6.7 600 0.10 140 2,7 33.4 64
5 0.80 7.0 650 0.10 148 2.6 33.4 a8
5-1 0.15 0.3 50 0 8 =0.1 0 =16
36 1 0.70 7.1 780 0.06 305 2.2 28.4 77
5 0.70 7.7 860 0.06 3n1 4.0 28.0 73
5-1 0 0.6 180 0 -4 1.8 -0.4 -4
38 1 0.45 7.7 730 0.13 269 2.7 22.7 49
5 0.50 7.6 770 0.12 277 4.6 27.4 62
5-1 0.05 -0.1 40 -.01 8 1.9 4,7 13
40 1 0.50 27.8 8 340 0.05 172 16.2 30.2 8l
5 0.55 28,2 8 530 0.05 179 21.8 28.5 85
5-1 0.05 0.4 190 0 7 5.6 =1.7 4
41 1 0.50 11.7 3 000 0.08 150 7.8 35.9 sl
5 0.55 11.4 2 960 0.08 150 11.9 35.2 |142
5-1 0 -0.3 -40 0 0 4,1 -0.7
44 1 0.55 9.0 930 0.06 29 3.9 39.6 44
5 0.55 6.8 890 0.06 93 4.4 42.4 52
5-1 0 -2.2 ~-40 0 -6 0.5 2.8 8
48 1 0.40 7.6 930 0.06 325 3.1 35.3 53
5 0.55 7.6 1 070 n.n6 337 4.7 35.7 76
5-1 0.15 0 140 0 12 1.6 0.4 23
#* *
Mean 0.039 -0.100 75.5 -0.0022 0.9 1.83 0.72 2.25

+S.D. +0.070 +0.885 +93.3 +0,004448.2 +1.91 +1.94 +13.41
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The differences for the other 6 metals are not significant.
However, the variability of the Zn results is quite large.

As a check on the reproducibility of the method, Table 4
and Table 5 contain the results of replicate determinations on
moss and soil samples, respectively, for all metals except Hg.
The deviations of the replicate heavy metal concentrations from
the mean values range from 3% (yn) to 17% (Cd) for the moss, and
from 3% (Pb) to 9% (Cu) for the soil. Results of replicate Hg
determinations are found in Table 6a and Table 6b., The average
deviation from the mean is 5.00 r 3.64% for the moss and 5.45 l
4.26% for the soil. The greatest deviation of any of the repli-
cates is 12% for the moss and 13% for the soil.

The results of the orchard leaf analyses, to determine the
accuracy of the methods, are given in Table 7. The obtained

metal concentrations are approximately equal to the certified

values for all metals except 2n.

B) Soil Results

I) Laboratory Data

Table 8 presents the metal contents, pH and LOI of all

of the soil samples, arranged according to sample groups.

1) Metal te Metal and Environment Relationships

a) Correlations

Table 9 gives Pearson correlation coefficients among
the soil metals, pH, LOI and distance from Thunder Bay. The

majority of the correlations between the various pairs of metals
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Table 4

Reproducibility of moss analysis method for all

metals except Hg
- presents results of repeated analvses of moss
sample No. 33 (the sample was analyzed in

duplicate over 6 different runs)

S.D, = standard deviation
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Run Sample Metal Content of Moss (ppm, dry wt.)
No. No.
ca Cu Fe Mn Ni Pb Zn
33, 0.k0 8.2 710 571 3.0 35.9 L9
332 ———determinations not conducted——
2 33i 0.45 11.0 770 535 3.0 36.h4 54
332 0.35 7.6 750 535 2.9 37.5 51
3 33, 0.50 8.4 750 546 2.5 38.0 54
33, 0.50 8.3 710 skt 2.9 36.2 55
N 331 0.35 8.5 680 543 2.8 36.2 53
332 0.35 8.0 670 54T 3.0 38.3 52
5 33l 0.55 9.9 770 548 3.5 L3.5 5L
332 0.50 8.7 710 5kl 3.1 L41.0 5k
6 33l 0.55 8.9 700 51k 2.2 39.1 5k
332 0.55 9.4 800 548 2.5 38.7 54
Mean 0.46 8.8 729 543 2.9 38.3 53
#S.D. #0.08 #1.0 £h 1k 0.4 #2.3 2
% Deviation £#17%  +11% % +3% +1Lh% 6% +14%
from the

Mean
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Table 5

Reproducibility of soil analysis method for all

metals except Hg

- presents results of repeated analyses of soil sample
No. 39 (the sample was analyzed in duplicate over 6

different runs)

S.D. = standard deviation
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Run Sample

No. No. Metal Content of Soil (ppm, dry wt.)
cd Cu Fe Mn Ni Pb Zn

2 39l 0.65 8.9 3060 1948 4.6 38.0 94
392 0.75 8.3 3010 1775 4.3 36.8 91

3 391 0.80 6.9 3070 2047 4,3 39.3 98
392 0.75 7.4 3050 1875 4.0 37.8 94

4 39l 0.70 7.4 3180 2007 4.4 39.9 94
392 0.75 7.3 3030 1940 4.3 38.2 91

5 39l 0.65 9.0 3005 1950 4,0 39.8 93
392 0.60 8.3 3050 1900 4.4 37.5 93

6 39l 0.80 7.1 2830 1880 4.6 38.2 095
392 0.70 7.1 2870 1919 4.7 40.2 94

7 391 0.65 7.7 3070 1789 4,3 40.4 94
392 0.70 7.6 3150 1760 4.0 40.7 80

Mean 0.71 7.8 3031 1899 4.3 38.9 92
+S.D. #£.06 0.7 +99 +90 0,2 +1.3 45
% Deviation 8% 9% +3% + 5% + 5% +3% 5%

from the
mean
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Tahle 6a

Reproducibility of mercury analyses in moss samples
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Sample Hg in Moss (ppm, dry wt.) Mean and %
No. Deviation from
Determination No. the Mean
1l 2
2 0.032 0.027 0.030 * 8 %
5 0.037 0.031 0.034 + 9
7 0.050 0.049 0.050 ¢+ 1
8 0.083 0.092 0.088 + 5
11 8.057 0.055 0.056 * 2
14 0.051 0.050 0.051 = 1
15 0.048 0.056 0.052 + 8
21 0.088 0.083 0.086 = 5
23 0.054 0,054 0.054 = 0
24 0.079 0.083 0.081 + 2
25 0.047 0.038 0.043 11
30 0.075 0.090 0.083 £ 9
32 0.106 0.100 0.103 * 3
36 0.061 0.067 0.064 * 5
45 0.123 0.120 0.122 + 1
46 0.057 0.073 0.065 12
49 0.055 0.061 0.058 + 5
57 0.151 0.157 0.154 £ 2
61 0.142 0.133 0.138 + 3
73 0.178 0.153 0.167 + 8

Mean % deviation from the mean for the 20 sets of replicates
= 5,00% ¥ 3,64%.



_48-



Table 6b

Reproducibility of mercury analyses in soil samples
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Sample Hg in Soil (ppm, dry wt.) Mean and %
No. Deviation from
Determination No. the Mean
1l 2
2 0.255 0.252 0.254 + 1 %
3 0,103 0.084 0.094 £10
4 0.046 0.054 0.050 + 8
5 0.057 0.048 0.053 + 9
6 0.335 0.322 0.329 + 2
7 0.205 0.235 0.220 * 7
8 0.371 0.403 0.387 * 4
9 0.034 0.028 0.031 10
10 0.034 0.028 0.031 *10
11 0.190 0.209 0.200 * 5
12 0.170 0.131 0.151 13
14 0.314 0.343 0.329 * 4
15 0.119 0.116 0.118* 1
18 0.267 0.269 0.268* 0
20 0.288 0.250 0.269 ¢ 7
21 0.324 0.271 0.298* 9
22 0.159 0.165 0.162 * 2
23 0.030 0.028 0.029 * 3
24 0.419 0.426 0.423* 1
25 0.115 0.149 0.132 +13

Mean % deviation from the mean for the 20 sets of
replicates = 5.45% % 4, 26%,
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Table 7

Accuracy of Analyses

- as determined by repeated analysis of Standard Reference
Material 1571 - orchard leaves (U. S. Dept. of Commerce,
1971)

Actual Values = certified concentrations

S.D. = standard deviation
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Run Sample  yo..) Content of Orchard Leaves (ppm, dry wt.)

No. No.
cd Cu Fe Hg Mn Ni Pb Zn
1 OL1 0.15 1122 290 0.138 92 1.4 47.2 30
OLj 0.15 10.2 280 0.153 90 1.8 45.6 31
2 OL1 0.15 11.5 280 0.154 89 1.4 40.5 39
OL3 0.20 11.0 260 0.155 87 l.4 41.7 36
3 OLl 0.15 11.9 290 0.137 87 1.7 42.6 44
OL3 0.15 11.3 270 0.136 90 1.4 41.8 44
4 OL1 0.10 1l1.6 270 0.143 92 1.6 43,2 55
OL; 0.15 12.4 270 0.150 87 1.4 43,7 48
5 OLl 0.15 12.5 260 0.154 95 1.6 45.9 44
OL3 0.10 11.4 260 - 91 1.7 44 .2 41
6 OL,y 0.10 12.1 310 - 89 1.8 83.3 46
oL, 0.15 12.8 290 - 97 1.3 43.0 47
7 OLl 0.15 12.2 300 - 87 1.2 42.4 35
(o) 0.15 12.3 290 - 87 1.2 42.6 29
Mean 0.14 11.7 280 0.147 90 1.5 43.4 41
+s,.D, +0,03 +0.7 16 +0,008 +3 +0.2 +1.8 +8
Actual 0.11 12 300 0.155 91 1.3 45 25
Values +0.02 +1 +20 +0,015 +4 +0.2 +3 +3
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Table 8

Laboratory data - soil

-Sample No. corresponds to Site No. of Appendix 1

-metal contents of sqil sample No. 39 represent means
(from Table 5)

LOI = loss on ignition (%)
s.n.a. = soil not available
i.s. = insufficient sample



Sample
No.

Group I
1ls

10

a2

13

1k

16

17

cda

0.40

0.65

0.25

0.55

1.25

0.30

0.20

0.50

0.60

Cu

T.7

4.3

2.7

1.8

2.k

3‘5

3.0

L1

15.0

h.9

4.9

I

3.9

4.8

5.3

2.8

7.9

5.3

Fe

L 370

3 030

3 430

2 170

3 160

T 250

2 600

L 270

6 160

9 980

2 540

2 kg0

3 110

2 680

3720

2 2ho

8 260

3 070

- 53 -

ppr, dry wt.
Hg Mn
0.27 216
0.25 961
0,10 272
0.05 58
0.05 88
0.33 1 720
0.22 97
0.39 90
0.03 901
0.03 58k
0.20 37
0.15 26
0.23 105
0.33 896
0.12 65
0.14 190
0.03 87

0.27

217

Ni

3.8

2.7

2.1

009

1.9

3.7

1.9

2-9

3oh

5.k

3.3

1.8

2.4

1.9

2.9

1-7

8.2

2.7

Pb

52.0

36.7

21.8

11.1

20.7

59.0

30.0

47.0

9.3

11.5

27.9

32.4

33.7

26.8

27.k4

18.6

9.3

31.3

Zn

45

49

23

15

17

36

59

45

53

L5

36

67

92

37

32

2L

71

LOI

62.8

76.0

32.9

26.1

17.8

86.8

6k4.6

83.9

17.h

80.6

°1.9

20.6

4.9

83.2



Sample
No.

16 s

20

22

23

2L

25

Group II

26

27

28

29.

3Q

32

3l

35

36

Cda

1.05

0.50

0.05

.70

1.65

0.60

0.30

0.k0

0.60

0.45

0.75

0.45

1,25

Cu Te

5.3 3 810

3.8 2 570

3.8 1 k30

2.6 L4 190

4.3 2 890

8.6 L 190

19.6 24 Lho

17.6 9 T25

40,1 23 170

10.6 2 080

8.6 7 350

6.1 1 360

8.4 L 130

13.4 1 280

10.9 3 550

10.3 4 koo

0.29 924
0.16 161
0.03 430
0.k2 213
0.13 103
0.20 5 652
3.n.a
0.19 T21
0.05 80
0.09 32
0.07 243
0.23 L6
0.20 81
0.12 115
0.15 1 030

0.17 1 277

Ni

3.3

2.8

0.9

1.9

2.1

4.3

10.0

9.7

7.9

3.2

8.7

3.3

6.7

2.9

4.6

7.6

Pb

52.4

2h.h

29.7

11.1

28.8

19.6

500

32.3

38.8

23.7

26.9

60.7

15.8

35.5

51.3

Zn

17k

w7

61

69

.53

168

68

33

5

68

55

65

78

157

Lol

67.8

79.8

81.7

7T.2

32.9

52.9

62.4

10.3

85.9

L6.2

90.8

91.8

69.0

66.4



Sample
No.

37 s

38

39

Lo

L2

L3

Lk

L5

L6

k7

48

Group III

L9

50

51

52

53

5k

Cd

0.60

0.70

a.30

g.55

0.90

0.50

0.55

1.30

1.80

2.90

1.05

Cu

5.4

708

k21

6.2

9.3

6.9

7.h

T.5

3.8

13.3

31.2

26.6

6.1

Te

2 180
3 030
15 880

2 250

6 550
2 570
2 030
3 190
2 530
1 280
3 680

9 070

1 020

- §§5 -

Hg

m

b0

Q

0.17

0.23

0.18

0.12

ppm, dry wt.
Mn

150
1 899
188

83

1 827
547
13
233
137

1 787
1k2

162

20k

Ni

19.

1L,

29.

38.

13.

28,

23.

28.

7.

2L,

32.

L3,

33.

32.

20.

Zn

25

93

Lo

68

66

86

T2

56

66

155

106

121

103

pH

LOI

T3.

23.

86.

L8.

.

78.

T1.

81.

81.

87.

81.

95.
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Sample ppm, dry wt. pH LoI
No. Cca Cu Fe Hg Mn Ni Pb Zn
55 s 1.25 7.1 3 390 0.13 65 3.9 2k.3 61 L.1 87.
56 s.n.a.
57 0.80 5.8 1 5k 0.11 L7 2.6 19.3 6l k.2 92.
58 0.95 8.3 9 770 0.20 843 7.1 55.7 109 L.} 56.
59 0.80 7.7 3 020 0.32 708 k.5 67.4 107 L.2 86.
60 0.80 10.1 L4 890 0.16 k90 6.9 25.1 102 L.7 80.
61 1.20 9.5 kL 2ko 0.27 463 5.0 61.0 131 6.h 6.
62 0.80 14.8 15 780 0.09 527 16.1 33.7 89 4.3 33.
63 0.70 18.3 13 800 0.18 1736 17.1 hi.7 129 L.2 53.
an 0.65 15.8 8 990 0.18 179 10.9 30.8 93 4.6 5.
65 s.n.a.
66 s.n.a.
Group IV
67 s.n.a.
68 0.80 8.9 3720 0.28 595 5.4 67.6 107 L.2 78.
69 0.30 11.4h 5 890 0.0k 323 h.a 25.8 6L 5.1 11.
T0 0.25 9.7 27 000 0.22 2 635 2.2 50.1 53 L.6 63.
T1 0.20 3.3 5230 0.03 906 3.5 10.1 6k 5.6 6.

T2 s.n.a.



Sample
No.

73 s

Th

5

6

T

78

9

81

82

Group V

83

8l

85

86

87

88

89

90

Cd

0.70

Cu Fe
9.1 3 370
3.1 1 780
8.4 L4 270
28.2 8 Lé0
12.9 22 130
16.3 8 oko
10.5 U4 100

3.k 11 580

3.5 1 170
6.0 1 250
5.1 1 3ko
8.0 12 930
7.3 11 750
7.6 9 Lko

- 57 -

rpm, dry wt.
Hg Mn
0.23 400
0.10 Ly
0.21 80
0.32 124
S.n.a
0.0k 664
0.10 307
0.22 T2
0.02 134
0.07 145
s.n.a
0.06 83
S.n.a.
0.10 46
s.n.a
0.02 100
0.04 1 686
0.12 217

Ni

L.1

1.9

10.6

6.6

6.9

Pb

63.

210

o7

Ls.

11.

Lk,

108.

10.

26.

17.

20.

13.

15.

17.

Zn

85

22

95

58

53

6L

62

2L

35

L5

66

b1

L5

38

pH

LOI

80.9

23.5

21.7

63.8

29.4

T1.3

7.7

9k.5

94.1

11.9

32.7



Sample
No.

91 s

92

93

9k

95

96

97

98

99

100

Group VI

101

102

103

10k

105

Cd

0.90

Cu

L.0

b4

28.8

32.4

39.8

Fe

L 920

1 480

T 230

5 000

7 970

4 660

2 k60

9 680

10 230

13 550

3 030

6 210

- 58 -

ppm, dry wt.
Hg Mn
s.n.a
0.12 158
0.10 29
0.1k 65
0.08 27
0.08 69
0.18 86
s.n.a
0.23 719
0.05 827
sS.n.a
1.43 2 250
5.8 684
0.48 81
0.16 624

Ni

th

3.4

L.2

5.3

10.6

3.6

3.8

5.2

17.0

14.8

h.3

4.3

23.

1k,

31.

29.

k2,

L48.

b1,

13.

90.

95.

5.

TO.

Zn

L2

28

36

33

7

66

T2

38

402

243

89

148

pH

LOI

T1.2

91.3

78.1

25.8

45,0

67.6

84.9

11.8

29.0

b5.7

82.3

Lo.o
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Table 9

Pearson correlation coefficients for soil data

56, 57 for all correlations involving
distance (excludes Ignace and Marathon
data)

Sample size: n

n=71 - 79 for all other correlations
(includes all sites where soil was

sampled)
Significant correlations: * = p £0.05
*% =p £ 0.01
*%% = p £ 0,001
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are positive and significant, the ekceptibns being those

involving Mn (significant with Hg only). Zinc exhibits the

largest and most consistent correlations with other metals.

Soil pH is significantly positively correlated with Fe, Mn and

Ni, and negatively with Hg and Pb. Soil LOI is significantly
positively correlated with Cd, Hg, Pb and 2Zn, and negatively

with Fe and pH. Canopy cover has significant positive correlations
with €d, Cu, Z%n and soil LOI. Finally, correlations of distance
from Thunder Bay with metal content are negative for all metals

but Ni, but are significant only for Cd and Cu.

b) Multiple Regression Analyses of the Effect of

Distance and Cover

Multiple linear regression analyses were performed to
determine the effect of distance from Thunder Bay and canopy cover
on the metal contents of the soil. The regression equations can
be constructed from the information given in Table 10, using the
form of the linear equation printed on the page facing the table.

b, and b

1 2
effect of distance and cover, resvectively, in which the effect

are partial regression coefficients for the

of the other variable is controlled for. The significance of
each b value was determined by the F-test with 1 and n-k-1 degrees
of freedom, (where k = the number of variables in the equation
= 2),

The square of the multiple regression coefficient (r2) is
the "coefficient of determination". It represents the amount of

the variation in metal content that is due to the combined
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Table 10

Values required to construct

overall equations for linear multiple regression of metal
content of soil with distance from Thunder Bay and canopy

cover

- the various constants and ratios are explained on p. 61

Form of the equations -

Metal content (ppm, dry wt.) = regression constant
h Bl X(distance in km)

+ b, X (assigned cover value)

S.E. = standard error

Sample size (n) = 56 (excludes Ignace and Marathon data)

+ = simple r

Significance of bl' bz, F ratio:

* = p £0.05
** = p < 0,01
*** = p < 0,001
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effects of distance and cover (maximum = 1).
An "F-value" (not given in the table) was determined for
each variable by the equation:

2

b1 or 2)

F = (—5%

The "F-ratio" in the table is the ratio of the two F-values.

The significance of the multiple regression coefficient was
determined by testing the F-ratio with k(=2) and n-k-1 degrees of
freedom. This represents the significance of the equation as a
whole.

The standard error of estimate (SEE) represents the
"average" standard error that would result if the equation were
used to predict values of the soil metal content. In order to
determine the 95% confidence interval of a predicted value, the
SFE is multiplied by a factor determined from a 2-sided t-test
(<%= 0.025) with n-1 degrees of freedom. Printed on the table
are 95% confidence intervals for the predicted value of the metal
contents of the soil at a distance of 25 km from the city in any
direction, assuming a cover value of 2 (30%).

Table 10 reveals that cover does not have a significant
effect on the soil content'gglany of the metals. The effect of
distance, however, is significant for Cd and Cu. Also of note

are the large 95% confidence intervals.
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III) Soil - Moss Relationships

Table 11 contains the mean metal concentrations of 3
different sample groups, divided according to soil LOI. The
All Sites column gives the mean contents of the moss and soil
samples from all sites. The Organic Soil Sites column gives the
mean contents of samples from sites where soil LOI > 50%, hut
where the soil did not consist of rotting wood. The Mineral Soif
Sites column presents the mean contents from sites > 30 km from
Thunder Bay in which soil LOI < 50%., All significant differences
are indicated on the table, although at present we are only
examining differences between soil and moss values.

When all sites are considered, soil content is signifi-
cantly higher than moss content for Fe, Hg, Mn and Ni. When
only organic soil sites are considered, cd, Fe, Hg, Ni and Pb are
all significantly higher in the soil. Finally, when only mineral
soil sites are considered, the concentrations of Cd, Fe, Ni, Pb
and Zn in the soil are significantly higher than they are in the
moss.

In Table 12, the ratios of soil metal content to moss
metal content for the same grouns are presented. These were
calculated from the mean concentrations given in Table 11.
Examining first the ratios calculated from the data for all
sites, it is apparent that the moss and soil contents are
approximatelvy equal for Cd, Cu, Pb and Zn, while the soil
content is somewhat higher for Hg, Mn, and Ni., Soil Fe content

is very much higher (about 5-X) than the moss content.
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Table 11

Variation in metal content (ppm, dry wt,) of moss and

soil according to soil organic content

All Sites: where both moss and soil were obtained

Organic Soil Sites: 1loss on ignition (LOI) >50%
and substrate not composed of rotting wood

Mineral Soil Sites: LOI < 50% and sites > 30 km
from city

S.D. = standard deviation
Significant differences: * = np £0.05
** = p £0,01
%% = p <0,001
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Table 12

Ratios of soil metal content to moss metal content

All Sites: where both moss and soil were
obtained

Organic Soil Sites: loss on ignition (LOI)
>50% and substrate not composed of rotting
wood

Mineral Soil Sites: LOI < 50% and sites >30 km
from city

Ratio >1

)

soil content > moss content

Ratio <1

i

soil content < moss content

Significant differences between mean soil and moss

concentrations (from Table 11):

* =np £0,05
** = p <0.01
*** = p <0,001



Sample
Size (n)
Metal:

Cd

Cu

Fe

Hg

Mn

Ni

Pb

Zn

- 69 -

Mineral
Soil Sites

26

0.63%**
0.95
6.93%**
1.03
1.49
1,76%**
0.58%*

All
Sites’

82

1.00
0.97
5,24 %%
1. 72***
1.60*
1,47%%*
1.03

0.93

Organic
Soil Sites

33

1,35%%%
1.02

4,72%%%
2,53%%%
1.38

1.47%%*
1.26***

1.13
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When all 3 columns are viewed simultaneously, some trends
are apparent. The soil/moss ratios for Cd, Hg, Pb and Zn increase
as soil LOI increases, while the ratios for Fe and possibly Ni
decrease. The Cu and Mn ratios ao not change appreciably.

Pearson correlation coefficients hetween soil and moss
metal content for the same 3 groups are found in Table 13.

For the mineral soil sites, there are significant positive
correlations between s0il and moss content for Cu, Fe and Ni,
while the correlations are anparently negative for Hg, Mn, Pb
and Z2n, Considering all sites, all correlations are positive,
with those for Ccd, Cu, Fe, Ni, Pb and Zn being significant.
All correlations for the organic soil sites are also positive,
but only Cu, Fe, Mn and Pb are significant.

On examining Table 13 as a whole, trends are again apparent
for several metals. For Cu and Ni, the correlation decreases as
the soil organic content increases; while for Hg, Mn, Pb and
perhaps Zn, the correlation increases as the soil organic content
increases. These results agree with the soil/moss ratio trends
in Table 12,

More information on the relationship between soil and
moss metal concentration is contained in the histograms presented
in Figure 9. They indicate that in Region 1 samples (Marathon)
the ratios of soil metal content to moss metal content are
the highest of all regions for all metals except Ni, while in
Region 4 samples (Ignace) these ratios are the lowest. They are
in fact<1l (i.e. soil content € moss content) for Cd, Cu, Pb and

Zn. Trends for Hg, Mn and Ni are not apparent. The Fe ratio
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Table 13

Pearson correlation coefficients for metal content of

moss correlated with metal content of soil

All Sites: where both moss and soil were obtained

Organic Soil Sites: 1loss on ignition (LOI) >50%
and substrate not composed of rotting wood

Mineral Soil Sites: ILOI < 50% and sites > 30 km

from city
Significant correlations: * = p=<0.05
** = p<£0.01
*** = p £0.001



Sample
Size (n)

Metal:
cd
Cu

Fe

- 72 -

Mineral
Soil Sites

26

0.07
0.82%%*
0.33*
-0.06
"0.09
-0.18
"0 .11

All
Sites

82

0,48 %%X
0.60%**
0.23*
0.10
0.14
0.38%**
0.30%*%
0.18*

Organic
Soil Sites

33

0.19
0,28%
0.52%%%
0.16
0.35%
0.17
0.44%*%
0.18
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Figure 9

Histograms showing regional trends in metal content

(ppm, dry wt,) of moss and soil

Region 1l: Town of Marathon, Ontario, 200 km
east of Thunder Bay (includes all
of sample Group VI; sample size (n)
= 5 for moss, 4 for soil)

Region 2: from urban limits of Thunder Bay to
a distance of 30 km from the city,
mean distance = 20 km (includes portions
of sample Groups II - V; n = 27 moss,
22 soil) ("proximate' samples)

Region 3: from 50 - 137 km from the city, mean
distance = 75 km (includes portions
of sample Groups II - V; n = 22 moss,
18 soil) ("distant" samples)

Region 4: north-east of town of Ignace, Ontario,
200 km north-west of FThunder Bay (in-

cludes entire sample Group I; n = 25
moss, 22 soil)

M = moss S = soil

Samples between 30 and 50 km from Thunder Bay are not included.
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remains relatively constant.

C) Moss Results

I) Laboratoyy Data

The metal contents of all of the moss samples, arranged

according to groups, are found in Table 14.

II) Mean Results According to Sample Groups

The mean metal content of the 6 sample groups are
presented in Table 15. Although the moss concentrations are
of primary interest, soil and site data are also given. Because
of the possible influence of canopy cover on retal content,
significant differences among the mean % cover of the various
groups are indicated.

The highest concentrations of all metals except Cd are
found in the Marathon samples. Mercury content, in particular,
is much higher than around Thunder Bay. Regarding Thunder Bay
area samples, the highest amounts of heavy metals are present
in those from the area south-west of the city, while those
collected east of the city contain the next highest amounts.
Samples collected north and west of the city exhibit similar
metal contents that generally are the lowest of the Thunder Bay
area groups. The exception is the rather high Fe content of
the north samples. The Ignace samples contain the lowest amounts
of all metals except (in some cases) Cd, Mn and Zn.

The mean concentrations for the Sibley samples are given in Table 16.
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Table 14

Laboratory data - moss

-Sample No. corresponds to Site No. of Appendix 1

-metal contents of moss sample No. 33 represent means
(from Table 4)

() indicates probable contamination - result
not used in computations
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ppm, dry wt.
Sample ca Cu Fe Hg ¥n Ni Pb Zn
No.
Group I
1 0.90 7.6 830 0.08 109 2.5 3k4.5 199
2 Q.60 5.7 570 0.03 217 1.5 2L.6 58
3 0.45 5.4 790 0.05 16k 2.k 31.6 73
L 0.60 4.5 670 0.06 160 1.9 31.3 140
5 0.h45 4.0 310 0.03 166 1.0 23.0 L8
6 0.50 k.9 600 0.06 218 2.2 28.1 61
T a.ks 6.2 860 0.05 192 2.1 28.L 63
8 0.45 9.9 910 0.09 209 2.0 34.6 54
9 0.35 T.7 1 530 0.06 575 3.1 36.3 163
10 0.50 6.0 500 0.09 Lok 2.4 25.3 80
11 1.60 6.5 530 0.06 163 1.8 23.3 54
12 0.60 5.8 460 0.07 179 0.9 25.1 35
13 0.55 6.4 500 0.07 38k 1.1 22.7 L7
14 0.35 5.7 660 0.05 39k 1.9 30.8 Lo
15 0.50 6.0 530 0.05 455 1.9 32.0 52
16 0.50 5.8 540 0.05 430 2.k 46.3 3L
a7 0.50 7.0 550 0.C5 216 1.8 22.1 78

18 0.60 5.9 k20 0.05 Mok 1.8 22.1 Lo



Sample
No.

19

20

22

23

2L

25

Group IT

26

7

28

29

3a

i

32

3h

35

Cd

0.85

1.25

g.95

0.90

a.ko

a.50

0.80

0.90

0.70

0.60
0.55

0.55

0.2a
0.50

Q.65
0. 80

Q.45

0.60

0.45

Cu

6.9

7.2
8.1
8.0
6.4

ga

9.0
4.3

6.3
74

Tl

5.8
Slh

6.7
7.0

8.8
9.7

15.8
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Fe

T10

550

630

620

750

820

1 450

1 930

800

1 240

990
1 150

570

630
660

600
650

730

800

2 590

ppm, dry wt.

Hg Mn
0.07 270
0.08 285
0.09 L6T7
0.06 222
0.05 2k9
0.08 230
0.0k 38L
0.08 257
0.06 91
0.10 258
0.09 80
0.08 75
0.08 225
0.07 291
0.07 279
0.10 140
0.10 148
0.09 543
0.11 &1
0.08 399

Ni

109

7.6

27;7

33.6

27.0

29.6

33.0

32.6

29.0

36.4

ho.2

35.9
36.3

33.2

37.4
38.4

33.k
33.4

38.3

Lo,k

35.8

Zn

52

100

76

L1

5

56

49

73

50

69

Sk
59

53

67
52

6L
L8

53

1hy

6l



Sample
No,

36

37

38

39

Lo

L1

Lo

L3

Lh

L5

L6

k7

L8

L9

Group IIT
50

ca.

0.70
0.70

0.65

0.k45
0050

0.35

0.50
6.55

0.50
0.50

0,40

a.45

a.ss
0.55

0.55

a.50

0.30

0.k
6-55

Q.60

2.05

Cu.

T.1
T.T

9.2

1.7
T.6

7.5

(27.8)
08.2

1.7
11.h

5.0
7'3

910
6.8

12.1
9.0
8.2

7.6
7.6

T4

16.3

Fe

780
860

1 130

730
TT0

760

8 3ko
8 530

3 000
2 960

820

1 520

930
890

1 850

1 3%

1 000

930

1 070

520

3 760

- 79 -

ppm, dry wt.
Hg Mn
0.06 305
0.06 301
0.13 325
0.13 269
0.12 277
0.10 596
0.05 172
0.05 179
0.08 150
0.08 150
0.07 371
0.10 375
0.06 99
0.06 93
0,12 480
0.07 335
0.08 209
0.06 325
0.06 337
0.06 275
0.23 246

Ni

2.2
)

3.4

2.7
L.6

3.0

(16.2)
21.8

7.8
11.9

2-5

3.7

3.9
L.L

3.1
L1

11.3

Pb

28.
28.

36.

22.
27.

36.

28.

35.9
35.2

2k,

36.

39.6
k2,

21.

2h.

27.

35.3
35.7

2h.

75.

67

L9
62

109

81
85

51
142

45

68

LL
L2

67

Lo

>T

53
76

25

136



Sample
No.

51

52

53

5L

25

56

58

59

60

62

64

65

Group IV

67

68

1.10

1.35

1.45

0.35

1.00

Q.55

0.65

0.80

0.65

11.2

9.7

(45.9)

16.7

7.1

8.5

10.6

6.7

12,8

16.0

u i I

13.0

0.4

1.0

8.8

10.7

8.0

e

1280

1 390

1 390

2 k70

1 170

860

1 330

480

1 510

3 930

1 420

860

970

1 000

1 730

810

2 090

720

- 80 -

ppm, dry wt.
Hg Mn

0.09 93

0.20 92

0.21 508

0.12 129

0.18 161
0.06 1k9
0.15 168
0.07 531
0.25 596
0.19 589
0.1k 612
0.10 55k
0.10 154
0.16 287
0.25 h72
0.13 62
0.08 352

0.08 302

Ni

3.k

Pb

L6.

55.

60.

22.

L8.

23.

L,

22.

118.

33.

h2.

28.

33.

26.

L3.

50.

Lo,

4o.

7Zn

8k

96

139

92

102

56

83

67

10k

10k

9L

82

69

9

ok

96

T2

T2



Sample
No.
69
TO
.

72

73

75

76

17

78

19

8a

82
Group V
83
84

85

86

1.10

Cu

8.6

9.9

9.7

(85.8)

8.9

9.1

11.5

6.6

6.9

6.9

8.4

6.7

1.7

9.8

ak.7

9.9

18.L

- 81 -

Fe

1 430

3 490

980

1 3%0

1 060

70

990

2 390

Lho

450

520

670

1130

500

1 4310

1 510

810

890

ppm, dry wt.

Hg

0.09

205

526

125

T10

307

164

380

261

243

221

33

289

58

015

123

216

210

168

Ni

2.7

4.2

h.2

Pb

.

T0.

59.

19.

65.

L,

60.

3h.

32,

43,

35.

}43v

31.

35.

Lk,

61.

29.

3L,

Zn

™

60

83

87

1ko

>9

83

87

(&

62

55

o7

Ls

96

6L

79

89

9



Sample
No.

87

88

90

9L

95

96

97

98

100
Group VI
101
aQ2

103

a0k

105

cd

0.50

0.35

0.40

0.40

0.30

0.k0

0.65

a.ko

Q.45

Q.50

0.Lo

0.L45

0.50

0.70

0.65

0.40

0.70

Cu

(20.0)
12.5
11.0

9.0

8.8
9.0
7.9
5.9
6.1
8.3

7.6

T.5
5.6
20.6
1b,1
17.4

12.3

A

- 82 -

Fe

910

1 160

620

740

680

930

970

580

5T0

760

430

1 240

660

480

1 560

2 150

3 770

1 310

1 540

ppn,dry wt.

Hg

0.30

0.06

0.15

0.15

123

249

22l

370

328

305

181

82

161

255

323

21k

539

277

313

413

550

332

380

Ni

(1k.

1k.5

16.0

T.7

5.3

Pb

32.1

4L8.9

21.9

31.L

32.8

28.5

38.9

25-1

32.5

25.1

17.1

32.5

31.7

16.7

97.8

61.1

Zn

68

25

59

66

52

Th

54

45

b7

54

60

56

56

6l

90

114

226

T0

80
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Table 15

Data (mean : §.D,)relating to moss and soil according

to sample Groups I - VI

Group I: 1Ignace, Ontario

Group II: transect north of Thunder Bay
Group III: area south-west of Thunder Bay
Group IV: area east of Thunder Bay

Group V: transect west of Thunder Bay

Group VI: Marathon, Ontario

S.D, = standard deviation

M = moss S = soil

Significant differences between moss cover values:

* =p £0.05
*** = p = 0,001



LET ¥ 122 %9 T OTT
6°TT 5922 £°92 7% 696 L1t
89 % T°OT 0§ 7 6°6 0°€
n€é ¥ 0TS 3 g6 £6n
I9'2 % 936°T 6EL°0 T OTL*0 + %50°0
£59%652Q TI00T 79902 T2079
$* 1T 39792 6°€ 3 T°ST 62
20°0 ¥ CI°T 11°0 ¥ 99°0 ee'0
" S
‘1108 ssoy
' ggr= o9z
<
o 0°T 5 Ly
1
002 }
ooe m
)
!
38 m
1
SOT - TOT _
H’ “

ST ¥ o

et F 19

8 0T ¥ G°EE

8°T ¥ L°E

18 ¥ Tce

09 22
6°Th Q€T
2 2t
n6n ghe

¥ 260°0 B20°0 ¥ 890°0° L60°0 ¥ 44T°0 TEO'O

¥

¥

+

cen e g e e

22 ¥ T0T 22
"ET ¥ €°q€ T°S6T
€6 %0¢g g2
282 ¥ 18¢ e

eLo"0 ¥ 9BT°0 T90°0,

FE6

k3

€2 ¥0'9 L1

LE 718 e 3
7°2L ¥ 9°0€ l'63%

+

059 7 66S ontT 3

1 680°0 ¥ LBT°0 020°0 %

JES 19 3
6°ET 3 0°'g2 9°6 ¥
ST 362 9°0 %
€9n T GOY geT +
721°0 7 T6T°0 LTO'O

+

oIt ¥ lgg 058 L 3 TI2 @ 008 ¥ €18 1 ¥ 009 9 oL6 = NTT L F 66T 9 009 T % Lo 2z 3 006 € 192 3
9°2 % 4°6 6'9F 66 2T ¥ I €E'9 ¥ HET nE ¥ 0" ¥ 9°6 9°2 % L2 %6 T F
eT°0F M0 Mo F NS0  QT'0F 29°0' ; %9°0 F 4T'T gn°o =z 9€0FO0ol'0 frTOF ~ 0E°0F 0SS0 T2'O0F
; i
|
or 9T F1d It ne ee 14
ssofly 880 TT108 880 1108 SSON 1108 SSON
82 162 F €6 L9t 7 $nlL 1°22 ¥ T°L9 0'TE * 9'gn
€y LoFx Sn L'oF g SOF 'y 0T 2
9°TH ‘0T ¥ 0% 96T ¥ 0°¢S 2°9T 7 0°2y 0T 3 1°92
0" ‘0T ¥ 8°te 0°6T 5 8°6S 9°ST 3 9~ 2€T.5 2°62
| L wil J
ue -1 _
*% -
goee i 8°LE ‘ ToLE 002
6°1¢ : g9 : 6°9¢ 002
i i
H i
1 I
3883 ! 3eem-yanos ynos y3Iou 183A=-3I0U
: i
2 - L9 | 99 - 0§ 6n - 92 -1
AI m 111 II I

uz
" 62 a4
™
o
190°0 3
a3
n)
19°0 1]

(3 Arp fnid)
3UIIT0] TeLF,

(u) *71s ITETN;

(%) 107 T30

gd 130!

(=%
JADUWBLASIT TII

Feg Xspnyl
WOJLT UOTIIDII L]

‘o 837

soy dnoir

-



- 85 -



Table 16

Metal content (ppm, dry wt.) of Sibley Peninsula moss
samples (portion of sample Group IV), also showing

correlation with canopy cover

S.D. = standard deviation

Significant correlations: * =p €£0,05
** = p 20,01
*** = p <0.001



Site Nos.:

Direction from
Thunder Bay:

Mean distance (km):
Cover (%):
Sample size (n):

Metal:
(mean - S.D.)

74 -

east
29.3
23.4

cd
Cu
Fe
Hg
Mn
Ni
Pb

Zn

86 -

82

1+

1,7

"+

12.4

0.58%0.09
8.5X2.0
8673620

0.096%0.033

2962291
2.8%0.7

40.0%9.0

69%17

Corr.

with Cover
0.34

0.34
0.55
0.80%*
-0.03
0.70*
0.55

0.43
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III)M_Metal to Metal and Environment Relationships

a) Cerrelations

Table 17 presents Pearson correlation coefficients among
the heavy metals and site data for the moss samples. The
correlations between the various pairs of metals are all positive
except those of Mn with Cd and Pb. All are significant except
those involving Mn, which only exhibits a significant correlation
with Hg. None of the correlations with soil pH are significant.
Correlations with soil LOI are significant for Cd4, Cu, Fe, Hg
and Ri, though they are lower than they are for soil metal

content.

The correlations of moss metal content with cover are
for the most part highly significant (except Mn). Correlations
with distance from Thunder Bay are negative and significant for
all metals except Mn (r = + 0.05). Lead exhibits the highest
correlation with distance, followed by Cd, Zn, Cu, Fe and Ni,

in that order.

b) Moss - Cover Relatiomships

Table 18 compares the average metal content in moss from
sites with low cover (1, or 0-20%) with the content in moss
from sites with high cover (4-5, or 60-100%). The Ignace data
are not included because most sites have a cover of <20%, a
fact which would bias the comparison because the metal contents
of the Ignace moss are relatively low. The results show that
all metals except Mn are present in significantly higher amounts

in samples from sites with high cover. The amount of the increase
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Table 17

Pearson correlation coefficients for moss data

Sample size: n = 57 for Distance vs. LOI and Distance
vs. pH (excludes Ignace and Marathon
data and sites where soil not
availabhle)

n =76 - 79 for other correlations
involving Distance, pH or LOI
(excludes Ignace and Marathon data)

n = 96 - 100 for all remaining correlations
(includes all data)

Significant correlations: * = pnp €0,05
** = p €0.01
*** = p €0,001
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Table 18
Effect of canopy cover on metal content (ppm, dry wt.)

of P. schreberi

S.D. = standard deviation

Significant differences: * = p £0.,05
% = p =0.,01
*xx = p 20,001



Cover <20%

Sample Size (n)

Mean Distance
from Thunder
Bay (km)

Metal: cd
(mean * S.D.)
Cu

Fe

Hg

Ni

Pb

Zn

25

2.6

0.55

8.8

1 096

0.081

315

3.6

36.4

61

* 0.23

I+

2.1

£ 779

* 0.017

* 208

I+

1.7

- 9] -

*X¥

*RR

HH¥

* %%

* %%

Cover >60%

20

36.

0.85

12.1

1 602

0.153

297

4.8

k2.9

91

0.kk

I+

I+

935

+

0.058

+ 156

2.5

+ 1h,1

%Increase

25
38

L6

89

33

18

k9
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over the values for the sites with low cover is highest for Hg
(89%) and follows the sequence: Hg > Cd > Zn, Fe > Cu > Ni >
Pb > Mn.

The effect of cover on the metal contents of the Ignace
moss samples alone is shown in Table 19. This presents the
results of a simple linear regression. The only metals for
which an increasing cover results in a significant increase in

metal content are Cd and Hg.

¢c) Moss -.Distance Relatiomships

Table 20 gives Pearson correlation coefficients between
metal content and distance from Thunder Bay for the 4 sample
groups in the Thunder Bay area. Cadmium and Pb are negative
and significant for all groups except Group IV (east of the city).
The Group IV correlations are, in fact, slightly positive,

Other significant correlations with distance (negative, unless
otherwise stated) involve Mn (positive correlation) and Ni

in the Group III (south-west) samples; Hg and Zn (both positive)
in the Group IV (east) samples; and Cu, Fe, Ni and Zn in the
Group V (west) samples.

The relationship with distance irrespective of sample
group is illustrated in Table 21. Again, the moss results are
of primary interest, but soil results have also been calculated.
The mean metal concentrations of samples < 30 km from the urban
limits of Thunder Bay (Yproximate' samples) are compared with
the means of samples »50 km from the city ("distant" samples).

The mean concentrations of all metals except Mn are higher
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Table 19

Values required to construct
equations for simple linear regression of metal content
of P, schreberi with canopy cover for Ignace (Group I)

samples

- the various constants and ratios are explained on p. 6l

Form of the equations -
Metal content (ppm, dry wt.) = regression constant

+ b X (assigned
cover value)

S.E. = standard error

Sample size fn) = 25

Significance of b and r:

* = p £ 0.05
*x = p < 0,01
**% = p < 0,001
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Table 20

Pearson correlation coefficients of metal content (ppm,
dry wt.) of moss correlated with distance from Thunder

Bay for sample Groups II - V

Significant correlations: * = p<0.05
**% = p <0,01
kkhk =

p <0.001



Group No.

Sample
Size (n)

Direction

from Thunder

Bay

Mean Dis=-
tance (km)

Cover (%)

Metal: Ca-

Cu

Fe

Hg

Zn

1T

north

36.9

41.6+15.6
-0 .63%**
-0.16
-0.16
-0.12
0.28
0.05
~0.61%%x

-0.17

- 96 -

IIT

17

south,
south-west

36.8

55.8419.0
-0.79 L2
-0.25
-0.26
-0.06
0.h7*
-0.45%
-0.50%

east

31.9

23.8+10.2
.30
.13
.02
S55%
.18
.20
.16

Sk

16

west

68.4

L5.0£13.6
-0.52%
-0.78%%%
-0.50%
-0.25
0.23
-0.Lh*
-0.5L*

-0 .67*%
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Table 21
Effect of distance from Thunder Bay on metal content
(ppm, dry wt.) of P. schreberi and of soil
Proximate sites = < 30 km from city
Distant sites = >50 km from city

(excluding Ignace and Marathon sites)

S.D. = standard deviation

Significant differences: * = p=<0.05
**% = p=<0.01
*** = p<0.001
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Moss
Proximate . Distant
Sample 27 22
Size (n)
Mean Distance
from Thunder
Bey (km) 20 75
Metal: Cd O0.79 % 0.L4L0 #*#%#%¥ (0,50
(Mean
* S.D.)
Cu 9.9 = 3.1 * 8.6
Fe 1393 1 O * 9kl
Hg 0.107 + 0.047T * 0.092
Mn 235 * 138 318
Ni 4.1 22,2 3.k
Pb  43.4 x 12,8 *** 30 5
Zn 78 * 26 65
Cover % 43,0 * 17.8 36.4

I+

2.0

* 377

+ 0.031

157

1.1

+ 10.7

+ 22

Soil

Praximate Distant

22

20

0.92 + 0.65 *

13.0 * 7.9 ¥**

6 392 + 6 TU3

0.165 + 0.084
k59 + 1 236
5.7 #* 3.b

61.1 + 105.b4
79 + 31

18

75

0.60 + 0.33

8.2 + 3.3

1+

5 759 + 3932

0.160 * 0.080

1+

54l + 611

31.8 + 14.9

67 + 3k
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in the proximate than in the distant samples. The difference
is significant for Cd, Cu, Fe, Hg and Pb, (For the soil, only
Cd and Cu are significantly higher in the proximate samples,
while both Mn and Ni concentrations are apparently higher in the
distant samples.)

Scattergrams of the Cd, Cu, Pb and Zn concentrations of
Thunder Bay area moss samples plotted against distance from
the city are given in Figures 10 - 13. The relationships appear
to be curvilinear. However, equations illustrating them were
not calculated because the possible effect of cover was not taken

into account.

d) Regression Analyses of the Effect of Distance and Cover

Multiple linear regression analyses were performed for the
variation in metal content of P, schreberi with both distance from
Thunder Bay and canopy cover, The analyses were conducted on the
4 directional sample groups and on the Thunder Bay area samples
as a whole. In order that the equations for all 4 groups can be
applied to approximately the same distance from Thunder Bay (60
km) , the equations for Group V (west) are based only on the 9
sites closest to the city. The data for the 7 more distant
westerly sites were included in those used to calculate apparent
background concentrations. Also, the data for the 9 Sibley
Peninsula sites are not included in the Group IV (east) regressions
because they do not lie along the north~east transect and are all

located about the same distance from the city. (Means for the
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Figure 10

Scattergram of Cd content of P. schreberi vs, distance

from Thunder Bay (excludes Ignace and Marathon data)

vertical axis = Cd (ppm, dry wt.)

horizontal axis = Distance from Thunder Bay (km)
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Figure 11

Scattergram of Cu content of P. schreberi vs. distance

from Thunder Bay (excludes Ignace and Marathon data)

verttcal axis = Cu (ppm, dry wt.)

horizontal axis = Distance from Thunder Bay (km)
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Figure 12
Scattergram of Pb content of P. schreberi vs. distance

from Thunder Bay (excludes Ignace and Marathon data)

vertical axis = Pb (ppm, dry wt.)

horizontal axis = Distance from Thunder Bay (km)
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Figure 13
Scattergram of Zn content of P. schreberi V8. distance

from Thunder Bay (excludes Ignace and Marathon data)

vertical axis = Zn (ppm, dry wt.)

horizontal axis = Distance from Thunder Bay (km)
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9 Sibley sites, as well as correlations with cover, may be
found in Table 16.)

The results of the multiple linear regressions determined
that, for the Thunder Bay area samples collectively, the moss
concentration forhthe 4 metals Cd, Cu, Pb and Zn is significantly
related to the distance from Thunder Bay. The data for these
metals was subsequently reanalyzed to determine whether the
relationship is, in fact, more semi-logarithmic, logarithmic,
or reciprocal, than linear. These analyses were again nerformed
on’the data for the 4 directional sample groups as well as on
the collective data. The "west fit" equations were selected.
These equations, it is stressed, having been calculated from
data of sites located within approximately 60 km of the city,

are not applicable to greater distances.

1) Cadmium Regressions

The values necessary to construct the best fit multiple
regression equations for Cd are presented in Table 22, The
forms of the equations ({ whether linear, semi-log, log or
reciprocal) are given on the page facing the table.,

The partial regression coefficient (bl) for the effect of
distance on Cd content is negative and significant for all
sample groups except that east of the city where, in fact, it
is slightly positive. The partial regression coefficient for
cover (b2) is significant only for the groups south-west and

west of the city. The overall best fit equation is logarithmic



Table 22

Values required to construct
best fit equations for multinle regression of Cd content
of P, schreberi with distance from Thunder Bay and

canopy cover

- the various constants and ratios are explained on p. 6&f

Forms of the equations -

Linear: Cd (ppm, dry wt.) = regression constant + b, X
(distance in km)
+ b, X (assigned cover value)

Semi-logarithmic: Log, g Cd = regression constant + b, X
(distance in km)
+ by, X (assigned cover value)

Logarithmic: Log, Cd = regression constant + bl X (log10

distance)
+ b, X (assigned cover value)

Reciprocal: Cd = regression constant + b1 X (HTE%EHEE)
+ b, X (assigned cover value)

S.E. = standard error

Significance of bl' bz, F ratio:

* = p £ 0,05
** = p < 0,01
**k% = p < 0,001
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in nature, and is very highly significant for both distance
and cover. The 95% confidence interval is smallest for the
transect west of the city, and largest for the area east of
the city.

Figure 14 is a map of the main study area showing the
predicted concentration gradient of Cd using the statistically
significant best fit equations for the groups north, west, and
south-west of the city. A cover value of 2 (30%) was selected
for use in this and all suzceeding gradient maps because it
approximates the mean cover of all sites (= 2.33 , from Table 11).
Distances are calculated from the nearest outer edge of the
ellipse drawn in Figure 5 (p. 16). The Sibley Peninsula and
Ignace concentrations are means.

The outer gradient curve in the figure (and in all
succeeding maps of this type) represents the apparent background
concentration at distances beyond 50 km from the city, at a
mean distance of 75 km (from Table 20). The value of the next
outermost curve was calculated from the regression equations
for the sample groups (as were the remaining gradient curves
within it). It represents the predicted Cd content of P, schreberi
50 km from the city. It is apparent that the concentrations at
50 and 75 km are equal. The figure also reveals that relatively
high Cd values are predicted for the area south-west of the
city, with a rather tight gradient being present.

When the overall regression equation (logarithmic in nature)

is used to construct a predicted gradient for Cd, the result



- 112 -



Figure 14
Predicted concentration gradient for Cd content (ppm, dry
wt.) of P, schreberi using best fit equations for sample

Groups II (north), III (south-west) and V (west)

assigned cover value = 2 (30%)

- values for Ignace (Group I) and Sibley Peninsula

(portion of Group IV) are means
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(Figure 15) is significantly different. The high values and
tight gradient for the area south-west of the city are
incorporated with the other data. (In order to simplify drawing
of the gradient, semi-circles centred in the ellipse shown in
Figure 5 (p. () have been drawn, rather than semi-ellipses.

A correction factor has been added equal to the distance from
the centre of the ellipse to its north and south borders (0.75
cm, or 9 km). The effect is to extend the curves slightly in a

westerly direction, only, beyond their correct positions.)

2) Cooper Regressions

The values necessary to construct the best fit multiple
regression equations for Cu are found in Table 23. The effect
of distance (bl) is only significant for the overall equation
(linear in nature). Cover, however, has a significant effect
in the area south-west of Thunder Bay, as well as overall. The
95% confidence intervals of prediction are all of approximately
the same magnitude (10 r 5 ppm) .

Figure 16, drawn using the overall equation, shows the
Cu concentration gradient. 1In this case, the value represented
bv the outermost curve (a mean value, from Table 20), at a
distance of 75 km, is lower than that calculated from the
equation at a distance of 50 km. The Ignace mean is considerably

lower, still.
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Tahle 23

Values required to construct
best fit equations for multiple regression of Cu content
of P. schreberi with distance from Thunder Bay and
canopy cover
- the various constants and ratios are explained on p. 6!

Forms of the equations - as for Cd (Table 21)

S.E. = standard error

Significance of bl' b2, F ratio:
* = p £ 0,05
** = p £ 0,01
*** = p £ 0,001
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Figure 15
Predicted concentration gradient for Cd content (ppm, dry
wt.) of P. schreberi using overall best fit equation

(combines data for sample Groups II, III and V)

assigned cover value = 2 (30%)

- values for Ignace (Group I) and Sibley Peninsula
(portion of Group IV) are means
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Figure 16
Predicted concentration gradient for Cu content (ppm, dry

wt.) of P. schreberi using overall best fit equation

(combines data for sample Groups II, III and V)

assigned cover value = 2 (30%)

- values for Ignace (Group I) and Sibley Peninsula
(portion of Group IV) are means
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3) Iron Regressions

The linear multiple regression equations for Fe may be
prepared from the data in Table 24, The overall relationship
of Fe content of P, schreberi with distance is not significant.
Therefore, an attempt to achieve a better fit by testing log,
semi-log and reciprocal relationships was not made. None of the
sample group equations are significant for distance, either.
There is, however, a significant vpositive relationship with cover
for the south-west area, and for the overall data. The 95%
confidence intervals are large for all groups except for that

west of the city.

4) Mercury Regressions

The overall multiple linear regression for Hg, given in
Table 25, is also not significant for distance, nor are the
group regressions, The effect of cover is again significant
in the area south-west of Thunder Bay, and overall, The 95%
confidence intervals are reasonably uniform, being in the range
of 0.10 ha 0.07 ppm for a site 25 km from the city, with a cover

of 30%.

5) Manganese Regressions

The overall linear regression for Mn 1is not significant
with distance (Table 26). Relationships with distance for the
other metals have so far been negative (except for the region
east of the city). The Mn relationship, however, is positive

for all groups, and significant for the areas south-west and west
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Tabhle 24

Values required to construct
equations for linear multiple regression of Fe content
of P. sehreberi with distance from Thunder Bay and

canony cover

- the various constants and ratios are explained on p. ¢

Form of the equations:

Fe (ppm, dry wt.) = regression constant + b1 X
(distance in km)
+ b2 X (assigned cover value)

S.E. = standard error

+ = simple r

Significance of bl' b2, F ratio:

* = p €0,05
** = p < 0,01
*** = p € 0,001
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Table 25

Values required to construct
eqguations for linear multiple regression of Hg content
of P. schreberi with distance from Thunder Bay and

canony cover

- the various constants and ratios are explained on p. 6!

Form of the equations -

Hg (ppm, dry wt.) = regression constant + b1 X
(distance in km)
+ b2 X (assigned cover value)

S.E. = standard error

Significance of bl' b2' F ratio:

*
* %
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Table 26

Values required to construct
equations for linear multiple regression of Mn content of
P. schreberi with distance from Thunder Bay and canony

cover

- the various constants and ratios are explained on P. 61

Form of the equations -

Mn (ppm, dry wt.) = regression constant + by X
(distance in km)
+ b2 X (assigned cover value)

S.E. = standard error

Significance of by, b,, F ratio:

* = p £ 0,05
** = p < 0,01
%% = p < 0.001



- 127 -

8sE

+

1ge

TOT ¥ 88T

165 ¥ 9T

06E ¥ CIT

n6e ¥ 092

2 = I3A0) *G2 = PDWEISIA

103 ( M Arp ‘wdd uy)
T8AI23U] IDUIPTIUOY 466

6LT

™

€ene

€8T

ant

939mWTIST JO
I0JXJ pPIBPUBLS

%o

26

€0

Lc

0°T

07981
4

T0°0

1c'0

T€°0

60°0

X

or°o

6n°0

95°0

0E°0

I
aTd T3 TN

TS cts
95°S

0T 92%
6 4=

.m.mw

LF
{a9403) “q

€LL 0%
eleo

nL9°0T%
GET'T

leg ez
twﬁm.w

6hl Tz
6L0°2

‘mg 3

a0 -

1ot
(' oL
o0°LL O#.v I8IM
{*utuag Aatars
g 4lT *1oX3) 3588
1838
L 9= =yjnos
6°9Te yaxou
quB38U0)
uoyssarday uoTIOSIIq

(L) (8318

189M X8
pue £31qTS
*TOuUT) A-II
sdnoan TTV

16) A

,nwv Al

. (9T) III

(re) 1I

(u) pue
*op dnoxs



- 128 -

of the city. The effect of cover is nowhere significant.
95% confidence intervals are generally large. The smallest,

again, is that for the transect west of the city.

6) Nickel Regressions

Nickel presents yet another case where the overall
regression relationship of moss content and distance is not
statistically significant (Table 27). However, the relationship
south-west of the city is significant. This area also illustrates
a significant positive relationship with cover, as does the over-
all data. The 95% confidence intervals are rather large, and

only roughly of a similar magnitude (approximately 4.5 oy ppm) .

7) Lead Regressions

The values required to construct the best fit multiple
regression equations for Pb are found in Table 28. The effect
of distance from Thunder 3ay on the Pb content of P, schreberi
is significant for samples from north and south-west of the
city, as well as for the overall data. Cover has no significant
effect. The confidence intervals of predicted concentrations
25 km from the city show a fair degree of uniformity (approx-
imately 35t 25 ppm) .

Figure 17, constructed using the best fit equations for the
sample groups north, west and south-west of the city, represents
the predicted Pb concentration gradient. 1In this case, the values

for the outermost curve, the next outermost curve, and the Ignace
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Table 27

Values required to eomairuct
equations for linear multiple regression of Ni content
of P. schreberi with distance from Thunder Bay and

canopy cover
- the various constants and ratios are explained on p. Gl

Form of the equations -

N (ppm, dry wt.) = regression constant + b1 X
(distance in km)
+ b2 X (assigned cover value)

S.E. = standard error

Significance of bl, bz, F ratio:

* = p £0.05
** = p £ 0,01
*** = p <€ 0.001
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Table 28

Values required to comstruct
best fit equations for multiple regression of Pb content
of P, schreberi with distance from Thunder Bay and

canopy cover

- the various constants and ratios are explained on p. 6!
Forms of the equations - as for Cd (Table 21)

S.E. = standard error

Significance of bl, b2' F ratio:

* = p €0,05
**% = p <0.01
*%% = p < 0,001



- 132 -

612 ¥ 871t

L°lz ¥ q°0n

G°€E 3 9°62

0°qe ¥ 9°0n

€°€ET ¥ G°EE

2 = 1aa0) ‘G2 = Iduelsld
203 (*3a Arp -~wdd uy)
TeAID3UT SOUIPTIUO) 456

herto

€T 0

8oL €T

92°1T

81’9

9IBUWTISH JO
JOXIY PIVPUBAG

wanS 0T

1

0‘e

#0°9

#an9° ST

038X

€20

ge°o

29°0

0$°0

T9°0

g

8n°o

£5°0

6L°0

Lo

gL'o

I
STATITON

OTT 0" 0%

ENTO0°0 wuac902°0~

9ER 0° 0%
geco° 0~

90T O ¥
95h9°2

SEIT' I=®
Llog o0

‘g8
A.nnsooVwM

ggh 0° 0%
leg°T
0200° 0%
Te00° 0 CEL'T
€£209°0%
0098°0 0T 09
86°6LT®
#86°qTS LI A
8T ct®
aux0L° 99T g2 se
‘d's ¥ FUe38WO)H
(*351@) Q@ uworssaxFay

for

( mt oL

SoT-THes 03) 38am

TeuTT ("uyued £aTqIS
*Tox3) 388

LY-ETY
Teo0xdosx =yqnos
Ted0xdoax Yarou

diysuoyjeTay

ITd Iseq TOTIOM T

(TL) (s9318

189M JBJ
pus £31QIS
*ToUuT) A-IT
sdnoxn 1TV

(6) A

(8) &I

(9T) 111

(ve) 11

(u) pus
*of dnoxn



- 133 -



Figure 17
Predicted concentration gradient for Pb content (ppm, dry
wt.) of P, schreberi using best fit equations for sample

Groups II (north), III (south-west) and V (west)

assigned cover value = 2 (30%)

- values for Ignace (Group I) and Sibley Peninsula
(portion of Group 1V) are means
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samples are all essentially equal to 30 ppm.
When the overall best fit equation (logarithmic) is used
to illustrate the gradient, the result (Figure 18) does not

differ appreciably.

8) 2inc Regressions

Table 29 contains the values used to construct the best
fit equations for Zn. There is a significant distance effect in
the area southwest of the city, and overall. The effect of cover
is significant in all cases except that for the west transect.
The 95% confidence intervals are generally the smallest, on a
relative basis, of all of the metals. The intervals are fairly
uniform, the average being approximately 70 ¥ 30 ppm.

Figure 19 shows the Zn concentration gradient around
Thunder Bay, drawn using the best fit (semi-log) equation for
the overall data. The gradient is small, with predicted values
ranging from 72.5 ppm near the city to 65 ppm at a distance of
50 km. It is noteworthy that the mean Ignace value (71 ppm) is

higher than the predicted 50 km value.
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Figure 18
Predicted concentration gradient for Pb content (ppm, dry
wt.) of P. schreberi using overall best fit equation (com-

bines data for sample Groups II, III and V)

assigned cover value = 2 (30%)

- values for Ignace (Group I) and Sibley Peninsula
(portion of Group IV) ame means
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Table 29

Yalues -required teo construct
best fit equations for multiple regression of Zn content
of P. schreberi with distance from Thunder Bay and canopy

cover

- the various constants and ratios are explained on p. Gi

Forms of the equations - as for cd (Table 21)

S.E. = standard error

Significance of bl' b2' F ratio:
* = p £ 0.05
** = p £ 0,01
kx* = p £ 0,001
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Figure 19

Predicted concentration gradient for Zn content (ppm, dry
wt.) of P. schreberi using overall best fit equation

(combines data for sample Groups II, III and V)

assigned cover value = 2 (30%)

- values for Ignace (Group I) and Sibley Peninsula
(portion of Group 1IV) are means
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Part 4
DISCUSSION
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The discussion section of this report, presented below,

has been divided into the following major sections:

A)

B)

C)

D)

E)

F)

Adequacy of Methods
Soil Metal Relationships

I) Metal to Metal Relationships

IT) Environmental Factors

ITII) Background Levels

IV) Comparison of Non-background Levels
Moss Metal Relationships

I) Metal to Metal Relationships

II) Environmental Factors

IIT) Background Levels

IV) Comparison of Non-background Levels

Soil - Moss Relationships

I) Ratios of Soil Content to Moss Content

II) Correlations Between Soil and Moss Content
III) Variations in Relationship with Different Degrees

of Pollutioﬁ

TV) General Comparison of Soil and Moss
Distribution Patterns and Possible Sources of Metals

T) Comparison of Levelsin Sample Groups

II) Discussion of Individual Metals

General Discussion and Conclusions
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A) Adequacy of Methods

Ssince the additional loss of weight incurred by oven-
drying was only 2.40% (Table 2, p. 38) the air-drying
procedure is deemed adequate. Oven-drying requires additional
time and effort, and is thus counter-productive to the develop-
ment of a simple, rapid analysis technique. One must also
consider the possibility of a loss of volatile elements,
especially Hg, which could occur during oven-drying.

The results of the blender test (Table 3, p. 40) show
that the concentrations of the 5 min group are significantly
higher than those of the 1 min group for Fe and Ni (p % 0.05).
This indicates that contamination from the stainless steel
blades of the blender occurs for these metals, The difference
may also be due in part tc more thorough digestion of the 5 min
group because of finer grinding. There is a considerable amount
of variability in the 2n results, although the 1 min and 5 min
values do not differ significantly. However, it is felt that
any contamination resulting from the usual 1 min grinding period
is probably negligible.

The reproducibility of the methods (Tables 4 - 6b,pp. 43
-49) is satisfactory, though less so for metals present in
concentrations near their detection limits (e.g. Cd). When
working close to the detection limit, there is increased like-
lihood of error due to baseline instability and background noise.
To reduce this error, larger sample sizes and/or more sophisti-

cated equipment would be required, The sample sizes used in
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this study are considered to provide good overall results when
all metals are considered, however.

The results of the N.B.S. orchard leaf determinations
(Table 7, p. 51) indicate that the accuracy of the analyses is
satisfactory for all metals except Zn. The mean Zn value of
14 determinations was 41 ppm, whereas the actual value is 25 *

3 ppm. This apparent inaccuracy is difficult to account for.
Previous experience (Rinne, 1975) had shown that Zn was perhaps
the most stable and easiest to measure of all the metals studied.
Certainly, the overall Zn results of this study appear reasonable.
Although the Zn concentration gradient around Thunder Bay is
relatively small, it has still been found to be mathematically
significant (Table 29, p 139).

The Ni concentration of the orchard leaves obtained using
the hydrogen ion background corrector was 1.5 ppm vs the
certified value of 1.3 Yo.2 ppm. This is an acceptable result,
falling just within the possible range. It is felt that even
though there may be a small amount of inaccuracy in the Ni
results, this should not affect comparisons within the context
of the present study (i.e. hetween groups) .

In general, the methods developed and adopted for this

study are considered to be adequate for its purposes.
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B) Soil Metal Relationships

I) Metal to Metal Relationships

The pearson correlation coefficients for the soil metals
(Table 9, p. 60) reveal positive and significant correlations
between most pairs of metals, as expected. The correlations of
7Zn with other metals are especially high (except with Fe).
However, the correlations of Mn with other metals are generally
low, indicating that no definite relationship exists. There is
a significant negative correlation between Fe and Hg, probably
because Fe content is higher in mineral soils than in organic

soils while the reverse situation exists for Hg.

IT) Environmental Factors

a) Soil pH and LOI

Soil metal correlations with pH in Table 9 are signifi-
cant for Fe, Hg, Mn, Ni and Pb. Iron, Mn and Ni decrease with
decreasing pH, while Hg and Pb increase. This is in part due
to the relatively high solubility of Fe, Mn, and Ni in acid
solution, and the relative insolubility of Pb and Hg, which
determines the extent to which these metals are leached from
the surface horizon.

Related to this is the significant negative correlation
between LOI and pH. If a soil metal content is positively
correlated with pH, it is usually negatively correlated with
1.0I. This is the case for Fe, Mn and Ni. Conversely, if a
metal is negatively correlated witﬁ pH, it is usually positively

correlated with LOI. Such is the case for Cd, Hg and Pb.
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(The relationships for Cu and Zn are not clear.) The positive
correlations between LOI and Cd, Hg and Pb content are probably
dne in part to the fact that organic soils have more sites for
adsorption of metal ions than do mineral soils (and also to the
LOI - pH solubility relationship). The negative correlations
between LOI and Fe (possibly Mn and Ni also) may be due to the
fact that this metal exists for the most part in ore form in
mineral soils (as well as to the LOI - pH solubility relation-
ship).

The relationship between soil metal content and LOI
can be further appreciated by referring to Table 13 (p. 72).
This gives the ratios (calculated from the figures in Table 11,
p. 67) of soil metal content to moss metal content for 3
sample groups established according to soil LOI. Since moss
metal content does not differ significantly among the 3 groups
(Table 11), with the exception of the low Hg content of mosses
from mineral soil sites (probably due to a lower cover), any
apparent ratio trends also represent actual soil content trends,
Increasing ratios indicate increasing soil metal content. It
can be seen that the soil contents of Cd, Hg, Pb and Zn
increase with increasing soil organic content, while contents
of Fe and perhaps Ni decrease. Trends for Cu and Mn are not
apparent. These are essentially the same findings revealed
by the correlations between metal content and LOI in Table 9.

Thus, the metal content of soils varies greatly according

to pH and LOI.
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b) Cover

There is a significant positive correlation between cover
and soil metal content for Cd, Cu and Zn only (Table 9).
However, these relationships are no longer apparent when the
effect of distance from Thunder Bay is accounted for (Table 10,

p. 63).

c) Distance

The correlations between soil metal content and distance
from Thunder Bay are negative and significant for Cd and Cu
only. These results are borne out by the multiple regression
analyses (Table 10). The Cd result demonstrates, however, that
a relatively high amount of Cd, apparently moreso than any
other metal,is entering the atmosphere from sources within the
city. The Cu result may indicate, since the Cu content of moss
vs. distance is significant at the 5% level only (Table 23, p.
116) that Cu pollution in the area represents a relatively

long-standing situation, although not a serious one.

ITI) Background Levels

Regional background levels in northwestern Ontario soils
are given in Table 30. When compared with results of other
researchers, large variations are noted, primarily due to the

different soil types encountered.
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Table 30

Background metal content of soils (ppm, dry wt.) from the

present study compared with other results given in the

literature

standard deviation

standard error

References:
(1)
(2)
(3)
(4)

results of present study (5)

(6)
(7)

Goodman and Roberts (1971)
Davies (1971)

John et al. (1975)

Hutchinson and Whitby (1974)
Bowen (1966)

D' Itri (1972)

+ sampling sites >50 km from city of Thunder Bay

("distant" sites; Table 21, p. 98)

+ represents available (acetic acid-extractable)

metal content, only

Significant differences:
(Thunder Bay and Ignace)

*
*ek
k%%

‘g o d

N A A
oo
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IV) Comparison of Non-background Levels

The metal content of soils from sites polluted by local
sources of emission are found in Table 31. Values again may
greatly exceed those of hackground. However, direct comparisons

are difficult to make because soil type is so variable,

C) Moss Metal Relationships

I) Metal to Metal Relationships

The correlation coefficients for the moss metals (Table
17, p. 89) are all positive, as expected, except those of Mn
with Cd and Pb. All are significant except those involving Mn,
which is only significantly correlated with Hg. The low Mn
correlations indicate that there is no definite relationshino
between the levels of this and other metals.

Groet (1976) found significant positive correlations among
Cr, Cu, ﬁ% and Zn. However, Cd correlated with Zn only. Riihling
and Tyler (1970) rerorted that the degree of sorption by moss
of Cd from mixed solutions of high concentration was much reduced
from that from mixed solutions of low concentration. This
suggests that Cd must "compete" with other metals for adsorntion
by the moss and, as Groet (1976) proposes, might explain his
findings.

Rinne (1975) found a very highly significant negative
correlation between Cd and Pb in mosses from contaminated sites
(near roadways), again lending support to the competition theory.

Rithling and Tyler (1969) intercorrelated Cu, Zn and Pb

content of H. cupressiforme and reported "rather good" positive
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Table 31

Metal content of soils (ppm, dry wt.) from polluted areas

of the present study compared with other results given in

the literature

S.D. = standard deviation

References:

(1) results of present study (5)
(2) Goodman and Roberts (1971) (6)
(3) Davies (1971) (7)

(4) Hutchinson and Whitby (1974) (8)

Linzon et al. (1976)
Czarnowska (1974)
Burkitt et al. (1972)

D' Itri (1972)

+ sampling sites < 30 km from city of Thunder Bay

("proximate" sites; Table 21, p. 98)

+ represents available (acetic acid-extractable)

metal content, only
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correlations between Cu and Ni (0.61), Cu and Zn (0.56) and Cu

and Pb (0.49), but a lower correlation between Zn and Pb (0.29).

II) Environmental Factors

a) Soil pH and LOI

There are no significant correlations between soil pH
and moss metal content (Table 17). However, correlations with
soil LOI are positive and significant for Cd, Cu, Fe, Hg and
Ni. Since the moss contributes to a greater extent to the
formation of organic soils than to mineral soils, this

relationship is expected.

b) Cover

That cover has a considerable effect on the metal
content of the moss is shown by the highly significant positive
correlations for all metals except Mn (Table 17).

The actual effect of cover on the metal content of Thunder
Bay area moss samples is shown in Table 18 (p. 91). The only
metal not illustrating a significant increase with cover is Mn.
It is noteworthy that the metals present in the lowest amounts,
cd and Hg, are most affected by cover.

A summary of the multiple regression cover relationships,
which account for the effect of distance from Thunder Bay, is
presented in Table 32. It can be seen that the apparent
significant effect of cover on Pb content is not an actual
effect. However, all other metals except Mn do increase

singificantly with cover.
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Table 32

Summary of regressior relationships between metal

content of P, schreberi and canopy cover, with

effect of distance accounted for

Significant relationships: ¥ = p<0.05
*** = p<0.01
*¥* = p<£0,001



Metal

- 155 -

Group No, and Direction

IT1 III Iv v

North South-west East (excl. West (to
Sibley sites) 70 km)

* %

* %

* % % * %k *

All

*k*k
* % %

* % %

* k%



- 156 -

The area where the =2ffect of cover is most significant
is that south-west of the city. This area contains the highest
amounts of all metals, except possibly Mn (Table 15, p. 84),
in the Thunder Bay area, This indicates that the higher the
metal content of a region, the greater is the effect of cover
on elevating the content of underlying moss.

The above hypothesis is borne out by the results of the
Ignace regressions (Table 19, p. 94). The Ignace samples
contain relatively low amounts of metals (Table 15), and
the only metals which increase significantly with cover are Cd
and Hg.

Other researchers have generally recognized the possibility
of an excess accumulation of metals in mosses growing under
trees. Rithling and Tyler (1973) state that,6 "As far as possible,
all samples were taken outside the crown projection of trees and
bushes”. Although Groet (1976) avoided areas near the hases
of trees, the canopy cover of the majority of his sites never-
theless ranged from 55 - 75%. This amount of cover may have
elevated metal concentrations significantly above what levels
for open sites would have been,

The observation that metal levels are considerably
elevated by canopy cover would indicate that levels of essential
nutrients are also elevated., That this, in fact, occurs was

demonstrated by Tamm in 1953.
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c) Distance

Correlations between moss metal content and distance
from Thunder Bay (Table 17) are negative for all metals except
Mn. They are significant for Cd, Cu, Fe, Ni, Pb and Zn.

The degree of significance is Pb >Cd >Zn >Cu >Fe >Ni. Evidently,
there are no significant local emissions of Hg. The situation
for Mn is not known because of its unusual behaviour. The
observation that the correlations of Cd and Pb with distance

are especially high is similar to the findings of Rihling and
Tyler (1973) that the greatest regional differences in metal
content of Scandinavian moss exist for these metals.

The comparison (Table 21, p. 98) of the metal concen-
trations of moss from the "proximate" sites (<30 km from the
city) with the concentrations of moss from the "distant" sites
(50 - 137 km from the city) reveals that proximate content is
significantly higher than distant content for Cd4, Cu, Fe, Pb
and Zn. This is further evidence that sources of emissions of
these metals are present within Thunder Bay.

Mn content is actually significantly higher in distant
than in proximate samples. This is evidence that the adsorption
of Mn is decreased in the presence of higher amounts of other
metals, as may occur for Cd. The reason for this may be related
to the relative instability of organic chelates with Mn, such
stability generally following the sequence: Pb>Cu >Ni>7Zn >
cd>Fe >Mn (Riihling and Tyler, 1973). (Note that Cd also forms

relatively unstakle organic chelates.) The above sequence is,
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not surprisingly, almost identical to that given by Ruhling

and Tyler (1970) to represent the relative capacity of H.
splendens to sorb and retain heavy metals (Cu, Pb >Ni>Co>

Zn, Mn). It is also the approximate reverse of the order of
solubility of metals in acid solution, which is generally: Mn>
7n>Fe >Cd >Co >Ni >Pb>Cu>Hg. This is gquite strong evidence
that metals which are more highly soluble (high oxidation
potential) are less strongly retained by the moss tissue and
are hence more liable to be displaced by ions of metals which
are less highly acid soluble.

Groet (1976) using New York City as a point source,
found a significant decrease with distance for all metals
except Cd. He further determined that the relationship was
more curvilinear than linear for Cr, Cu and Ni.

The curvilinear nature of the relationship in Thunder Bay
area moss of Cd, Cu, Pb and Zn with distance is illastrated in
Figures 10 - 13 (pp. 101-107).

A summary of the multinle regression relationships
between moss metal content and distance from Thunder Bay is
presented in Table 33. Here, the possible effects of canopy
cover have been controlled for, so that true relationships should
be apparent.

Most of the relationships are negative, as expected.
However, those for the east group (except Ni and Zn) tend to
be positive (though not significantly so). It is possible that
more thorough testing of the area would reveal negative relation-

ships (the present data are based on only 7 sites).
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Table 33

Summary of regression relationships between metal
content of P. sehreberi and distance from Thunder

Bay, with effect of canopy cover accounted for

- relationships for Cd, Cu, Pb and Zn are
best fit
- only linear relationships for Fe, Hg, Mn

and Ni were tested

+ = apparent positive relationship (only

significant where so indicated)

Significant relationships: * = p2£0.05
*¥* = p<0.,01
*¥* = p<0,001
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Group No. and Direction

Metal
I ITI 1v v All
North South-west East (excl. West (to
Sibley Penin.) 70 km)
cd *k* *kk + * %k k * % *
reciprocal reciprocal linear semi-log log
Cu + *
reciprocal log linear semi-log linear
Fe +
Hg +
Mn + *4 + * kg
Ni *
Pb *kk * + * ok
reciprocal reciprocal linear semi-log log
Zn * * %

log reciprocal log semi-log semi-log



- 161 -

The area with the greatest number of significant distance
relationships is that lying south-west of the citys showing that
this area is relatively highly contaminated.

Manganese exhibits consistently positive distance effects,
which are significant for the south-west and west groups.
Similarly, Pakarinen and Tola¥en (1976) found the Mn content
of Sphagnum fuscum (Schimp.) Klinggr.:Gto be significantly
higher in north than in south Finnish samples. This tendency
for Mn content to increase whiledg;;ggggi ggff‘eéignthax a%sgr%tt' Yer
metals is favoured over that of Mn, and may preclude the use
of moss Mn analysis in pollution surveys.

Overall, the only metals in Table 33 that are significantly
related to distance are Cd, Cu, Pb and Zn. Evidently, significant
correlations noted earlier for Fe and Ni are, in fact, not
significant when cover effec=zs and natural variation in metal
content are accounted for. (Ni, however, is significant south-
west of the city.) The nature of the best fit relationships for
thése 4 metals (i.e. whether linear, semi-logarithmic, logarithmic
or reciprocal) is also given in the table.

In general, the nature of the relationship between metal
content and distance from the primary source in any particular
area may be determined by the relative locations and extent of
the sources of the metal. In the case of Pb, for example, the
relationship may be related to the density of motor vehicle
traffic. If a transect were sampled which began adjacent to

an area with a great deal of motor vehicle traffic, and then
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extended away through an area of negligible vehicle traffic
until the background concentration of Pb were reached, the
relationship of Pb with distance would be logarithmic. This
situation is analogous to that found an a much smaller scale
immediately adjacent to highwayé, where a log (or exponential)
relationship has been determined to exist for the decrease in Pb
content of vegetation with increasing distance from the highway
(Cannon and Bowles, 1962; Rilhling and Tyler, 1968; Ward et al.,
1975).

A logarithmic relationship is to be expected for the
decrease in amount of deposited metals with distance from any
"point" source, if the source has essentially zero height
(Campbell, 1976). If, however, the source is a tall chimney,
Nieboer et al. (1972) and Tomassini et al. (1976) have shown
that the decrease may be accurately expressed as a linear
function of the reciprocal distance from the source.

These two relationships, logarithmic and reciprocal,
are actually very similar, and may be considered as variants
or formgfkhe same general type, when compaped with other
possible types of relationships such as linear or semi-logarithmic.
When both were applied to 4 sets of data in the present study,
in all cases the curves for the 2 relationships were almost
identical except that the decrease in metal content during the
first few kilometees of distance for the reciprocal relationship
was somewhat more pronounced.

The reciprocal relationship is the simpler to apply of

the 2, and provides more information at a glance. Tomassini
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et al. (1976) suggest that ideally the regression constant

(i.e. concentration-axis intercept) reveals the regional back-
ground level (i.e. concentration at infinite distance). Indeed,
the equations for the best fit reciprocal relationships for

cd, Cu and Pb for the group north of the city support this

line of thinking quite well (intercepts (corrected for cover =

2) = 0.44, 8,1 and 26.8 respectively; compare with Table 13, p. 72).
Here, there is only a small contribution of the metals by sources
within the sample zone (i.e. traffic) and the city to the south
can be considered a point source.

The intercepts of the best fit reciprocal relationshio
equations for Cd, Pb and 2n for the group south-west of the
city do not equal the background values for these metals,
however, being under-estimates in all cases. This is orobably
due to the contribution of minor sources of these elements
within the sampling zone (e.g. Cd from trash incineration, Pb
from vehicle exhaust, 2n from tire wear).

In general, then, if emissions originate from a relatively
high elevation (tall chimney) the evidence of Nieboer et al.
(1972) and Tomassini et _al. (1976) suggests that the relationship
with distance will be reciprocal. Also Le Blanc et al. (1974)
state that a "distinct" reciprocal relationship exists near the
Murdochville, Quebec copper mine and smelter. If the emission
source is not significantly higher than the surrounding terrain,
the relationship should be logarithmic. Further evidence of
this is provided by Wallin (1976) who found that the course of

the deposition curves of Hg with distance from chlor-alkali
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plants (emission sites 5 to 15 m above-ground) followed an
exponential (logarithmic) function. Where an entire city is

being considered as a point source, however, it is difficult

to predict whether the best fit relationship for any one direction
will be logarithmic or reciprocal, and indeed there may be little
to choose between the 2,

The best-fit relationship between metal content and
distance might be linear in the case where a point source, only,
does not exist, but rather a significant contribution to the
atmospheric metal content is made by sources located within the
sampling area as well (e.g. where traffic volume decreased
linearly with increasing distance from the major source (a city),
a linear relationship might be found for at least Pb)l. That
this situation does exist to a certain extent in the area south-
west of the city is indicated by the fact that the next best
fit relationship (after reciprocal) for Cd, Pb and Zn in this
area is a linear one.

A semi-logarithmic relationship might be present in
situations lying between the two extremes of logarithmic (or
reciprocal) and linear (e.g. for Cd, Cu, Pb and Zn in the trans-
ect extending west from the city).

Thus, the main determinant of the nature of the relation-
ship between amount of metals deposited and distance is the
ratio of the contributions of sources located outside of the
sampling area to those located within the sampling area. If
this ratio is relatively large, a log or reciprocal relationship

may prevail; if small, the relationship will be linear.
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If the above line of thought were applied to the overall
cd, Cu, Pb and Zn results, it would indicate that the ratio of
the relative contributions of Thunder Bay sources to external
(regional) sources follows the order cd > Pb > Zn > Cu. (Cd
is placed before Pb because the overall log equation for Cd has
a better fit than that for Pb.)

The possibility arises that the direction of the prevailing
wind might alter the above basic relationships. However, such 1is
not the case. For example, a logarithmic relationship is
found between the Pb content of vegetation and distance for both
upwind and downwind sides of highways (Cannon and Bowles, 1962;
Ward et al., 1975). The only difference is that levels are
proportionately greater on the downwind side and background
concentrations are found proportionately further from the highway.

From Table 33, the similarity between cd and Pb behaviour
is apparent in that their best fit equations are of the same form.
This indicates similar sources and/or distribution patterns for
the 2 metals, but does not preclude the possibility that high Pb

levels may interfere with the adsorption of Cd by the moss.

ITI) Background Levels

Regional background levels for northwestern Ontario moss
samples are given in Table 34. The first column presents levels
in the "distant" site mosses (50 - 137 km from Thunder Bay) .

The second column presents levels in the Ignace (Group I) samples.

Discrepancies between the values from these 2 "background"

areas make it difficult in most cases to determine a "natural”
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Table 34

Background metal content of moss (ppm, dry wt.) from the
present study compared with other results given in the

literature

S.D., = standard deviation

References:
(1) results of present study (7) Brooks (1972)
(2) Rihling and Tyler (1973) (8) Makinen and Pakarinen

(1977)
(3) Groet (1976)

(9) Yeaple (1972)
{4) Holden (1971)

(10) Huckabee (1973)
(5) Rasmussen and Johnson (1976)

(11) wallin (197s6)
(6) Goodman and Roberts (1971)

+ sampling sites > 50 km from city of Thunder Bay
("distant" sites; Table 21, p. 98)

Significant differences: ¥ =p =0.05
(Thunder Bay and Ignace) ** = p <0.01
¥#* = p <0.001



Sample
Size {n)

Metal: Cd

Cu

Fe

Zn

Species
Analyzed

Sample
Size

Metal: Hg

Species
Analyzed

§ +
Thunder B
ontari oa{l)

(kean % S.D.)

0.50 $0.16 %%
8.6 $2.0  %¥x
ol 377 %%
318 *157
3.4 21,1 wx%

30.5 210.7
65 222

Pleurozium
schreberi

Thunder, N
Ontario(gfv
(mean * 8.D.)

22

0.092 * 0.031

P. schreberi

Ignace
Onta.rio(l)
(meen + 8.D.)

25

0.64 *0.21
6.6 £1.L
692 281
290 128

2.0 20.6

Ignace,
ontariol
{mean % S.D.)

25.

0.061 % 0.017

P, schreberi

Southern (2)

. Scandinavia

(range)

0.8 - 1.5
8 -1z

1 000

3-8
ko - 150

8 - 110

Hylocomium
splendens

Southern (2)
Scandinavia
(range)

0.20 - 0.40

H, splendens

Northern (2)

Scandinavia
(range)
0~-1
5
500
1.5 - 2.0
5 - 10
30 - 40

H. splendens

Northern (2)
Scandinavia
{range)

0.05- 0.10

H. splendens

Northeastern (3)
United States
(mean)

8

0.93
9.6

9.4
131
62

Leucobryum
glaucum

Brooks( L
(range)

<0.05 - 2.0

Northe Mt. St. e
Quehecfg) Quebec‘gim'
2 "
0.40, 0.55 1.06
5.4 , 5.6 9.0
4.6 ,5.0 6.0
12 , 38 123
k2 , 65 &9

H. splendens P, schreberi

Rural Maine(g)

Smoky Mts.
(range) (19)

Tennessee
(mean)

26

<0.05 - 0.6 0.11

Dicranum
scoparium

B Smoky Mts
Cagzebgzkgfi Tennessee (31
1 -
0.6h 0.68
7.7 9.0
5.1 k.h
50 107
Lt 53

B. splendens #. splendens

Sveden(n)k
(range)

0.09 - 0.15

H.

cupressiforme

Rural

Epgland( 4)

0.4

‘116

Rural
Scotland

91

(4)

Rural South-we
Denma.rk(S) Wales fg?
(mean) (renge)
50
0.ko 1-1.8
10 11-15
2 250
165
6.5-10
50 50 - 65
95 Th - 108
Hypnum H,

cupressiforme cupressiforme

Brooks(7)
(range )
0.2 - 5.0
5.4 = 2.0
2 000
8 - 310
2 - 15
30 - 300
k5 - 132

Scuthe
Finlangfa)

(mean)

_Lg[..

265

28
60

P. schreberi
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background concentration., The only metal found in nearly equal
amounts is Pb (30 ppm). Concentrations of Cu, Fe and Ni in
distant Thunder Bay mosses are significantly higher than at
Ignace. Manganese is also anparently higher. This may indicate
that effects of emissions from the city extend beyond 50 km,
It may also be due in part to a general decrease in metal content
of the atmosphere encountered as one proceeds in a northerly
direction away from the industrialized areas of the northern
hemisphere, This general decrease was noted by Ruhling and Tyler
(1973) in Scandinavia and by Groet (1976) in the north-east
United States.

Cadmium is present in significantly higher amounts in
Ignace moss (0.64 ppm) than in "distant” Thunder Bay moss (0.50
ppm) . Zinc is also apparently higher in Ignace samples (71
vs. 65 ppm nearer Thunder Bay). Ruhling and Tyler (1973)
reported a decrease in Cd and Zn content of moss with increasing
latitude. However, as renorted earlier, they also found evidence
(1978) that, in competition for adsorption sites on the moss,
Ccd "loses out" to other metals when they are present in mixed
solutions of sufficiently high concentration (as may also occur
for Mn). Lower concentrations of other metals at Ignace might
therefore allow more of the available Cd to he adsorbed than can
occur even 50 km from Thunder BRay.

Groet (1975) found that Cd concentrations were generally
higher in northern New England mosses than in those from southern
New England, Yet there are no apparent major Cd sources in the

north. He also found that the Cd content of mosses did not



- 169 -

increase near urban centres, and postulates a competition for
exéhange sites on the adsorption complex of the moss surface,
as the evidence of Rilhling and Tyler (1970) suggests.

In the present study, Cd content was found to be
significantly higher in the "proximate" moss samples (0.79 ppm;
<30 km from Thunder Bay) than in the "distant" samples (0.50
ppm; 50 - 137 km from Thunder Bay). This finding agrees with
that of Rihling and Tyler (1973) who found that the relative
decrease in Cd content of moss as one proceeded north in
Scandinavia was second only to that for Pb.

Rihling and Tyler (1969) report that Ph and Cu content
of mosses is significantly positively correlated with precipitation,
but found no such relationship for Zn or Ni. Lazrus et al.
(1970) have shown that a higher frequency of rainfall will tend
to keep the atmosphere cleaner and thus increase metal deposition.
While Groet (1976) was not able to correlate precipitation with
metal content (due to a lack of accurate precipitation data),
he did find a vositive correlation between attitude (i.e.
increased frequency of rainfall) and content of Cd and Zn.

This suggests that wet deposition processes may have a more
important role in determining content of these metals than for
other metals. Since the Ignace area of northwestern Ontario
receives slightly more yearly precipitation than does Thunder
Bay (840 mm vs. 750 mm), this may in part be responsible for
the relatively high Cd and Zn levels found there. It is
interesting also to note that the Ni content of the Ignace moss

shows the greatest relative decrease of all metals from that of



- 170 -

the sites nearer Thunder Bay (from 3.4 to 2.0 ppm) in spite

of the fact that Ignace receives more precipitation. This
observation is in line with the suggestion by both Rihling and
Tyler (1969) and Groet (1976) that a larger share of Ni may be
supplied through dry deposition processes.

Another consideration is that metals deposited at Ignace
may in significant part originate from emissions at Winnipegq,
Manitoba (pop. 570,000), 400 km to the west. Such emissions
could be carried great distances at high altitudes by the
prevailing westerly winds.

When regional background levels for northwestern Ontario
are compared with literature values (Table 34) the results
appear to be reasonable for all metals for which comparative
data are available. Cadmium, Cu,-ﬁ% and Pb concentrations
in northwestern Ontario moss are all lower than in north-east
United States moss (Groet, 1976), especially so for Ni (3.4
vs. 9.4 ppm) and Pb (30 vs. 131 ppm). Zn content is about the
same. However, the moss used in the United States study is an
acrocarpous species (Leucobryum glaucum (Hedw.) Schimp), thus
making a direct comparison more difficult. Groet (1976) found
that the Zn content of mosses from isolated regions of Quebec
does not vary greatly from the average of 62 ppm in the north-
east United States.

Concentrations encountered by Rihling and Tyler (1973)
in samples of H. splendens from far northern Scandinavia are

considerably lower for all metals (including Zn) than those
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encountered in the present study, and generally much lower than
those present in the northeastern U,S.A. This leads one to
hypothesize that the metal contents of P. schreberi growing in
far Northern Ontario may be significantly different-ig:; the

concentrations measured in this study.

IV) Cemparison of Nen-background Levels

The figures in Table 35 illustrate the extent to which
bryophytes growing in polluted areas are able to accumulate
heavy metals. Where an approximate range of values is given,
the maximum was encountered adjacent to and/or downwind from the
pollution source. In general, it is apparent that levels far

exceeding those of background may be present.

D) Soil - Moss Relationships

I}) Ratios of Soil Content to Moss Content

As stated in the Introduction, carpet-forming mosses
usually obtain their nutrients in a passive manner from above.
Thus, it might reasonably be expected that an enrichment of
metals will occur as green moss tissue died and decomposed to
form soil. Such an increase could be due to a continued uptake
of metals via passive ion-exchange, perhaps contributed to by
leaching from surface moss (Pakarinen and Tolonen, 1977), or to
the release of metals on decomposition being provortionately
less than the loss of organic matter (Tyler, 1972).

The large ratios of soil metal content to moss metal

content for the organic soil sites (Table 12, p. 69) show that



- 172 -



Table 356

Metal content of moss (ppm, dry wt.) from polluted areas

of the present study compared with other results given

S.D.

in the literature

= standard deviation

References:

(1)
(2)
(3)
(4)
(5)
(6)

Rinne (1975) (7
results of present study (8)
Tyler (1971) (9)
Groet (1976) (10)

Goodman and Roberts (1971) (11)

Burkitt et al. (1972) (12)

Czarnowska (1974)
Holden (1971)

Le Blanc et al. (1974)
Hickabee (1973)
Yeaple (1972)

Wallin (1976)
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the concentrations for most metals are higher in the organic
soils than in the overlying moss. This indicates that just
such an enrichment does occur, especially for Cd, Hg, Pb and Zh.
This is somewhat in opposition to the findings of Riuhling and
Tyler (1970) that the increase in content of the minor heavy
metals (i.e. excluding Fe and Mn) in H. splendens was balanced
by the dry matter decrease through decomposition. However,
Pakarinen and Tolonen (1977) found that the Pb content of
S. fuscum increased from the green moss to the underlying dead
moss, and suggest that leaching from surface moss takes place.

In the present cases of Fe and Ni, the soil/moss ratios
for the organic soils are considerably lower than those for the
mineral soils. This indicates that the Fe and Ni content of
mineral soils is generally higher than in either moss or in
organic soils, and raises the pcssibility of contamination of
the moss by the substrate. This could occur especially if the
moss were in direct contact with mineral soils (seldom the case)
and analyses were carried out on non-washed samples (as was done
in the present study).

Although the Mn content of the soils is slightly higher
than the moss, no trend is apparent, On average, the Cu contents

of the soil and moss are about equal.
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ITI) Correlations Between Soil and Moss Content

Pearson correlation coefficients between moss and soil
metal content for the sample groups divided according to soil
LOI are given in Table 13 (p. 72). When all sites are
considered, significant positive correlations are present
between the moss and soil content for Cd, Cu, Fe, Ni, Pb and Zn
(i.e. all but Hg and Mn).

It would be expected that significant positive correlations
would exist between the metal content of the moss and of the
soil which it eventually aids in forming. The low correlation
for Hg is difficult to account for, but may be explained in part
by the very low levels of Hg present, related to its relatively
recent unnatural introduction to the atmosphere due to the
activities of man. The low correlation for Mn may be related
to a competition for exchange sites occurring in the moss.

Only 3 correlations for the moss and mineral soil group
are significant, those for Cu, Fe and Ni. The remainder are
very low and usually negative. 1In view of the findings that Fe
and Ni are present in higher amounts in mineral soils, the
correlations for these metals are further evidence that the moss
may be contaminated by mineral soils. Although the average amount
of Cu in the soil is no higher than in the moss, the very high
correlation for Cu is not surprising because the moss has a
very high affinity for this metal. An occasional case was
encountered where obvious contamination of the moss by the soil
had occurred. This resulted in the Cu data for site Nos. 40 and

87 being rejected. Apparently, even in the remaining data, contam-
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ination was responsible for higher than "normal" Cu contents
being obtained.

The correlations for the organic soil sites are, overall,
surprisingly low. Although they are all positive, the only
significant correlations occur for Cu, Fe, Mn and Pb., The Fe
and Mn results may be related to the findings of Rithling and
Tyler (1970) that these were the only heavy metals whose content
increased from young to old parts of H. splendens. These are
also the metals whose organic chelates are least stable (Rihling
and Tyler, 1973) and which are bound and retained by the moss to
the least extent (Rilhling and Tyler, 1970). Perhaps guantities
of Fe and Mn are more easily released by the moss and pass into
the organic soil layer beneath.

When the correlations for all 3 groups are viewed
simultaneously, trends are avpparent for Cu and Ni (correlation
decreases as soil organic content increases) and for Hg, Mn, Ph
and perhaps Zn (correlation increases as soil organic content

increases).

ITII) Variation in Relationship with Different Degrees of

Pollution

The relationship between the metal content of the soil and
moss in areas subjected to different degrees of pollution ean
be appreciated by referring to the histograms in Figure 9 (p.74).
Regional variations among the moss samples themselves, and among

the soil samples, are also apparent.
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Region 1 samples are those in sample Group VI, located
at Marathon. This area is a special case, because samples were
deliberately obtained close to a suspected pollution source,
the American Can Company paper mill., The metal concentrations
for this area (Tahle 15, p. 84) are indeed considerably higher,
for the most part, than in the other areas sampled. Mercury
content, in particular, is high. The company has recently been
fined heavily by the courts for discharging Hg into Lake Superior
in higher than allowable amounts. Evidently, a considerable
amount of this pollutant has also been released into the atmos-
phere.

Region 2 samnles are the ;proximate“ group of samples
(Table 21, p. 98), situated <30 km from Thunder Bay. This
region is thought to be subjected to a considerable amount of
pollution from the city.

Samples in Region 3 are the "distant" group, situated
from 50 - 137 km from the city. This area receives a smaller

amount of pollution from Thunder Bay.

Finally, Region 4 samples are located at Ignace (and
thus are composed of Group I samples). Metal concentrations
encountered here must be considered to be representative of
essentually unpolluted situations.

On examining the histograms, it is clear that in highly
polluted Region 1 (Marathon), the ratio of soil metal content
to moss metal content is the highest of all regions for all metals
except Ni. This ratio generally decreases as the degree of

pollution increases, and in fact becomes €1 (i.e. soil content <
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moss content) for Cd, Cu, Pb and Zn in the Ignace region.

Trends for Hg, Mn and Ni are less apparent, while the Fe ratio
remains fairly constant. As has been determined by regression
analysis, Cd, Cu, Pb and Zn are the only metals that are emitted
in apparently significant overall amounts by sources within the
city of Thunder Bay, perhaps accounting for the similarity and

regularity in soil/moss ratio trends for these 4 metals.

Therefore, the degree and type of relationship between
the content of a particular metal in soil and moss seems to
devend on a complex combination of factors including: the
ability of the moss amjsoil-;;é retain the metal ion; the
degree to which the metal content is attributable to wet (most
metals, perhaps especially Cd and Zn) or dry (Ni) deposition;
the manner in which the metal content changes during decomposition;
the nature and metal content of the substrate; the degree of

site contamination; and the amount of cover present.

IV) General Comparison of Soil and Moss

In the previous discussion of correlations and regional
background levels, the following points have become apparent:

1) Large variations in possible background levels in
soils contrast sharply with the relatively uniform metal content
of bryophytes,

2) The large variations in soils are due primarily to
the strong relationships between soil metal content and soil pH

and LOI. These relationships are comparatively weak for the moss.
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3) Correlations between the various pairs of metals in
the soil are generally not as high as they are in the moss.

4) The positive relationship between cover and metal
content is much less apparent for the soil than for the moss.

5) The negative relationship between distance from
Thunder Bay and metal content is also much less apparent for the

soil than for the moss.
The general conclusion is that soils are not as good
indicators of metal deposition as are mosses, particularly in

relatively uncontaminated regions.

E) Distribution Patterns and Possible Sources of Metals

I) Comparison of Levels in Sample Groups

A comparison of the general levels of metals in moss from
sample Groups I - V is presented below, in order of apparent
degree of pollution from lowest to highest. (Sample Group VI
(Marathon) is excluded because it is a special, highly polluted
case.) The actual levels of metals in both soil and moss are

given in Table 15 (p. 84).

a) Group I
The Ignace mosses contain the lowest amounts of all
heavy metals except Cd (lower in Groups II, IV and V), Mn
(lower in Groups II and V) and Zn (also lower in Groups II and V).
The relatively high Cd and Zn concentrations at Ignace have

already been related (in the discussion of possible background
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levels) to the greater precipitation of the area and to the
lack of competition due to lower levels of the other metals.
The Mn results may also be related to one or both of these

factors.

b) Groups II, V

The mosses collected north and west of the city have
similar metal concentrations that are the lowest of the Thunder
Bay area groups. These results are expected, because both areas
are comparatively undisturbed, and winds from the south and south-
east are rare. Winds from the east are fairly common (Figure 5,
p. 16), but may not carry much contaminant because the city is
narrow in an east-west direction. The rather high Fe content

of the Group II mosses may be due to contamination from the soil.

c) Group IV

The area with the next lowest content of most metals is
apparently that lying east of the city. One would expect to find
quite high levels here due to the westerly direction of the pre-
vailing winds. However, analysis of the data from the area is
difficult because some sites are located at low elevations near the
nerth shore of Lake Superior cottage area, while others are
scattered along the length of the Sibley Peninsula. Mean cover
is also relatively low., It is possible that emissions from
secondary industry in certain north shore communities (i.e. the

paper mill at Red Rock) may be influencing the eastern portion
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of the sample area, This would at least partially explain the
apparent slight increase in moss content for most metals
(especially Hg and Zn), revealed by correlation and regression
analyses, that occurs as one proceeds from Thunder Bay to Dorion
(Sibley Peninsula samples excluded ). It may also be that a
more thorough testing of the area would produce different results.
Mean data for the 9 Sibley Peninsula samples alone are
given in Table 15;2?6)1\ general observation is that although the
peninsula lies directly downwind of the city, the metal contents
are no greater than might be found at an equal distance west or
north of Thunder Bay. This may be due to the relatively high
elevation of the sample sites (300 m) with respect to the city
(200 m) and/or to their relatively low cover. It is also possible
that the effect of emissions from Thunder Bay is not very great

because the city extends in a north-east, south-west direction

and is relatively narrow across the middle.

d) Group III

The mosses from the area south-west of Thunder Bay
contain the highest amounts of all metals except Mn and Pb
(which are apparently higher east of the city, only). This
indicates that the area is subjected to considerable pollution,
probably due in part to its relatively high population density
and history of human activity. In addition, there are a
disproportionately large number of industries located in the
south-west part of the city whose operations are suspected of

contributing to the high levels in the area. These include the
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Canada Car equipment manufacturing plant, the thermal generating
station on Mission Island, the Valley Camp base metal-handling
facilities on the Kam River, the iron ore loading dock on the
water-front, the Great Lakes Paper Company kraft mill, the Dow
Chemical chlor-alkali plant (until 1973), and the Thunder Bay
International Airport., It is also possible that emissions from
practically anywhere in the city can be deposited here by a

wind from the north-east (a not uncommon occurrence).

II) Discussion of Individual Metals

a) Cadmium

The distribution pattern for Cd, constructed from the
best fit group regression equations, is shown in Figure 14 (p.113).
When the best fit overall relationship (logarithmic) is used
to illustrate the pattern (Figure 15, p. 118), the picture is
somewhat distorted, especially for the area south-west of
Thunder Bay.

The relatively high levels of Cd south-west of the city
were previously encountered in soils by P. Barclay-Estrup
(personal communication). It is conjectured that Cd used in
electroplating processes at the Canada Car plant, emissions
from burned aviation fuel, and emissions from the thermal
generating station, are responsible for the elevated levels in
the area.

Other sources of Cd are fuel combustion by industry and
in homes, fuel combustion by motor vehicles, and tire wear

(Environment Canada, 1976b).
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b) Copper

The indication from Figure 16 (p.120) is that Cu content
decreases in a gradual linear fashion from Thunder Bay, and
that since Ignace content is less than that represented by the
outer curve, background levels are not even reached at a
distance of 75 km from the city. However, even the overall
relationship with distance is only significant at the 5% level,
and there is considerable variation among the mean and predicted
contents of the various sample groups. Therefore, the situation
as depicted in Figure 16 represents little more than a possibility.

There are no major sources of Cu emission in the Thunder
Bay area, Possible sources of a minor nature are the Valley
Camp base metal-handling facilities in south-west Thunder Bay,

as well as disposal and incineration of Cu-containing substances.

c) Iron

As shown in Table 21 (p. 98), there is a significant
difference between the mean "proximate” and "distant" Fe content
of P. schreberi, which indicates that the city contains emission
sites of this metal. The fact that the regression equations in
Table 24 (p. 123) are not significant is probably due to the
large amount of natural variation in Fe content when the effect
of cover is accounted for.

Although there are apparently no major industrial sources
of atmospheric Fe in Thunder Bay, possible sources of a more
minor nature include the iron ore loading dock, rusting

automobiles and machinery, and refuse incineration.
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d) Mercury
Table 21 (p. 98) shows that there is no significant

difference between the Hg content of proximate and distant moss
samples (although mean proximate content is apparently slightly
greater). The question then arises as to why the mean Hg content
of the Ignace moss is significantly lower than the content of
local mosses (Table 15, p. 84). Although mean cover at Ignace
is slightly lower, it is not probable that this alone is
responsible for the difference.

A likely source of atmospheric Hg in the past was the
Dow Chemical chlor-alkali plant which operated until 1973 in the
south-west extremity of the city (see Wallin, 1976). There is
considerable use of Hg in electrical apparati such as batteries,
some of which is released into the air when these are disposed
of. Another source of recent concern is the burning of fossil
fuels by thermal-electric stations, such as the coal-fired plant

located in Thunder Bay on Mission Island.

e) Manganese

The results have shown that Mn adsorption is probably
limited to a large extent by competition with other metals for
adsorption sites on the moss. This would explain why Mn content
appears to increase with increasing distance from the city
(Table 26, p.127).

Possible sources of atmospheric Mn in the Thunder Bay
area are: fuel combustion by industry and power plants, solid

waste incineration and pesticide application (Environment Canada,
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f) Nickel

A significant overall distance relationship is not present
for Ni when the effect of cover is accounted for (Table 27, p.
130) although other results had jindicated that Ni content does
decrease somewhat with increasing distance from the city (Table
21, p. *g%). There is a significant distance relationship, however,
in the area south-west of the city.

Apparently, there are no major sources of atmospheric Ni
in Thunder Bay. Possible minor sources include the Valley Camp
base metal-handling facilities, and incineration of Ni-plated

or Ni-containing substances such as "nicad" batteries.

g) Lead

The best fit equations representing the distribution of
Pb in Thunder Bay area mosses (Table 28, p. 132) are distinctly
similar to those for Cd. The concentration gradient constructed
from the group equations (Figure 17, p. 134) does not, however,
show a significantly higher Pb content south-west of the city.
The gradient constructed from tlLe best fit equation (logarithmic)
for the overall data (Figure 18, p. 137) is very similar, and
hence the overall equation may be used for prediction purposes.

A major source of atmospheric Pb in urban areas is the
combustion of leaded gasolines. Since unleaded gasolines are
required for use in most late-model automobiles, the present-day

Pb content of the atmosphere (and hence of P. schreberi) may
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represent a maximum. Other sources are the disposal or in-
cineration of Pb-containing substances such as paints and

storage batteries.

h) Zinc

The overall best fit distance relationship for Zn is

semi-logarithmic (Table 29, p. 139). The distribution pattern

is shown in Figure 19 (p. 141). The small gradient reveals that
the decrease with distance is very slight. This is in line with
the observation bv Groet (1976) that the Zn content of bryophytes
does not vary greatly according to locale. The fact that the
mean Ignace content is slightly higher than apparent background
around Thunder Bay may be due to @& relative ease with which

7Zn may be displaced by other metals, the higher precipitation

at Ignace, and/or emissions from Winnipeg being deposited on

the Ignace area.
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F) General Discussion and Conclusions

As stated in the Introduction, the main purpose of this
study was to determine levels of heavy metals in moss and soils
in northwestern Ontario. It is felt that this purpose has in-
deed been fulfilled, Levels have been determined for areas near
Thunder Bay which are probably contaminated by emissions from
the city. Regioﬁal background levels have also been revealed,
for the region 50 - 75 km from Thunder Bay and for the
Ignace area, 200 km away.

The secondary aims of this study have been achieved, as
well. It has been shown that levels of Cd, Cu, Pb and Zn in
Thunder Bay area moss decrease significantly with increasing
distance from the city. The nature of this decrease which
best fits the data is logarithmic for both Cd and Pb, semi-
logarithmic for Zn and linear for Cu.

A significant effect of canopy cover in increasing the
concentrations of most metals in the moss, especially in
polluted areas, was uncovered. In any subsequent study, care
should be exercised to ensure that the effect of cover is
correctly taken into account.

The comparison of moss and soil levels of heavy metals
has revealed an interesting relationship. In relatively highly
polluted areas, the soil content for most metals is considerably
higher than the moss content. However, as the degree of
contamination decreases, this discrepancy narrows. In the

relatively unpolluted Ignace region, the moss content for
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several metals exceeds the soil content.

In general, it is felt that the information nresented
here-in should serve as a solid base for continued investi-
gation. 1In particular, present-day metal concentrations may
be compared with those of future studies in order to gauge

the impact of further industrial and urban development.
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Appendix 1

Site data

-see Figures 3 (p. 11) and 5 (p. 16) for general site
locations

D = approximate distance from urban limits of
Thunder Bay (km)
C = canopy cover: 1= 0 -20%
2 =20 - L4 %
3 =40 - 60 %
L =60 - 8 %
5 = 80 -100 %



Site
No.

10

11

Location

1.6 km up Hwy.599,
70 m E., of road

3.2 km up,
150 m E.

4.8 km up,
110 m E.

6.4 km up,
50 m W.

8.0 km up,
320 m E.

9.6 km up,
175 m W.

11.2 km up,
350 m E,

12.8 km up,
500 m W.

14.6 km up,
380 m W.

16.6 km up,
50 m E.

17.9 km up,
160 m W.
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Associated Trees and Shrubs

P. tremuloides, Alnus rugosa (Du
Roi) Spreng. Vaccinium myrtilloides
Michx., Diervilla lonicera Mill.

P, banksiana, A. rugosa, P. mar-
iana, V. myrtilloides, P. tremu-
loides

A. balsamea, P. glauca, B. papyr-
ifera

P, banksiana, P. 8trobus, B. pap-
yrifera, Chamaedaphne calyculata
(L.) Moench, V. myrtilloides

P. balsamifera, P. Strobus, B.
papyrifera, A. rugosa, Ledum
groenlandicum 1L,

P. tremuloides, Sorbus sp.

P. glauca, A. balsamea, L. groen-
landicum, V. myrtilloides

P. glauca, B. papyrifera, V.
myrtilloides

P, glauca, A. balsamea, Acer
spicatum Lamb, Alnus sp.

A. spicatum, A. balsamea, P.glau-
ca, Alnus sp., B. papyrifera

A. rugosa, A. balsamea, P. mari-
ana, Vaccinium angustifolium Ait.,
V. myrtilloides
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Site

No. Location D C

12 19.2 km up Hwy.599, 2
320 m W. of road

13 20.8 km up,
L50 m W.

1L 22.4% km up,
200 m E.

15 24,0 km wup, 1
150 m W.

16 25.6 km up, 200
225 m ?

17 2T7.2 km up,
1100 m E.

18 28.8 km up, i
195 m W.

19 30.4 km up, 4
450 m W.

20 32.0 km up, 5
220 m W.

21 33.6 km up, L
230 m W.

22 35.2 km up, 3
120 m W.

Associated Trees and Shrubs

L. groenlandicum, V. angusti-
folium, P. glauca

Prunus virginiana L., V.myrtilloi-
des, L. groenlandicum, P. mariana

V. myrtilloides, P. mariana,
L. groenlandicum, B. papyrifera,
Salix discolor Muhl.

P. glauca, P. mariana, V. angus -
tifolium, L. groenlandicum

P. papyrifera, P. mariana,
A. balsamea, V. myrtilloides,
L. groenlandicum

B. papyrifera, A. balsamea,
P. glauca, A. spicatum

B. papyrifera, A. balsamea,
L. groenlandicum, Rubus
strigosus Michx.

L. groenlandicum, A. spicatum,
A. balsamea, P. mariana, P.
banksiana

A. balsamea, B. papyrifera

P. glauca, Alnus crispa (Ait.)
Pursh, P. tremuloides, P.
mariana, D. lonicera

L. groenlandicum, V. myrtil-
loides, V. angustifolium, A.
balsamea, A. rugosa, P. mariana



Site

No.

23

2L

25

26

27

28

29

30

31

32
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Location

36.8 km up Hwy. 599,
1750 m W, of road

38.4 km wup,
375 m W,

40.0 km up,
300 m E,

3.4 km up Hwy.527,
588,160 m E,
of road

6.1 km up,
17.5 m E.

9.4 km up,
65 m W.

12.8 km up,
360 m W,

16.3 km up,
150 m W,

19.2 km up,
225 m W,

22.6 km up,
210 m W,

10

1k

20

20

22

Associated Trees and Shrubs

P. balsamifera, R. Strigosus,
V. myrtilloides, A. balsamea,
P, glauca

A. balsamea, R. strigosus,
Ribes glandulosum Grauer

P. glauca, P. mariana, A. bal-
samea, B. papyrifera, D. lonicera

P. glauca, B. papyrifera, Lon-
icera canadensis Bartr., Ribes
hirtellum Michx., Salix sp.

A. rugosa, D. lonicera, Prunus
pensylvanica L., P. balsamifera,
R. strigosus

A. balsamea, B. papyrifera, V.
myrtilloides, Sambucus pubens
Michx., D. lonicera, L. cana-
densis

P. tremuloides, B. papyrifera,
A. balsamea, D. lonicera, P.
mariana, V. angustifolium

A. balsamea, Sorbus americana
Marsh., Amelanchier sanguinea
(Pursh) DC,, P. glauca, V. angus-
tifolium, V. myrtilloides

P. tremuloides, A. balsamea, S.
discolor, P. mariana, B. papyri-
fera, V. myrtilloides

A. balsamea, S. americana, R.
glandulosum, R. strigosus, L.
groenlandicum, B. papyrifera,
P. mariana



Site
No.

33

34

35

36

37

38

39

Lo

L1

L2

43

Location
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25.1 km up Hwy. 527, 24

60 m W, of road

28.2 km up,
425 m W,

34,1 km up,
450 m E.

38.2 km up,
130 m E.

41.8 km up,
TO m W,

45.3 km up,
300 m E.

LT7.7 km up,
1600 m E.

50.6 km up,
50 m W.

54.4 km up,
7

57.6 km up,
170 m E.

61.3 km up,
110 m E.

27

33

37

38

bl

Ly

43

46

48

51

Associated Trees and Shrubs

P. mariana, V. myrtilloides, L.
groenlandicum

P, tremuloides, B. papyrifera,
A. balsamea, D. lonicera, A.
crispa, V. myrtilloides

P, mariana, P. tremulocides,
D. lonicera, V. myrtilloides,
viburnum edule (Michx.) Raf.

B. papyrifera

A, rugosa. B. papyrifera, A.
balsamea, Thuja occidentalis L.,
V. myrtilloides, Rosa acicularis
Lindl.

p, mariana, A. balsamea, B. papyr-
ifera

B. papyrifera, A. balsamea, P.
tremuloides

A. crispa, S. discolor, A. rugosa,
A. balsamea

P, mariana, V. myrtilloides, V.
angustifolium, L. groenlandicum

A. balsamea, B. papyrifera, R.
glandulosum, R. strigosus, L.
groenlandicum

B. papyrifera, A. balsamea, A.
crispa, R. strigosus



Site

No.

Lh

Ls

L6

b7

L8

L9

50

51

52
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Location

64.5 km up Hwy. 527,
200 m W. of road

67.0 km up
TO m W.

69.9 km up,
50 m W.

73.6 km up,
130 m E.

76.8 km up,
275 m W.

80.2 km up,
425 m E.

near Candy Mt.,
150 m S. of Pai~
poonge Conc. IT

W. extremity of
Paipoonge Conec. IT,
95 m S. of dirt road

turn in road
before Oliver L.,
325 m down trail

Mayotte's cottages,
300 m W, from angle
of roads

2T

59

61

63

65

12

19

22

Associated Trees and Shrubs

B. papyrifera, A. balsamea, P.
tremuloides, A. spicatum, P.
mariana, R. strigosus

B. papyrifera, A. balsamea, A.
spicatum, V. myrtilloides, V.
angustifolium, L. groenlandicum

B. papyrifera, A. balsamea, R.
acicularis, Sorbus decora
(Sarg.) Schn.

B. papyrifera, A. balsamea, A.
crispa, P. glauca, P. tremuloides

B. papyrifera, A. balsamea, P.
mariana

B. papyrifera, S. americana,
A. balsamea

A. balsamea, B. papyrifera, P.
balsamifera, P. tremuloides, V.
angustifolium, Cornus stolonifera
Michx.

A. balsamea, B. papyrifera, A.
spicatum, P. balsamifera, Loni-
cera villosa (Michx.) R.& S.

A. balsamea, B. papyrifera, P.
tremuloides, A. spicatum

B. papyrifera, A. balsamea, A.
spicatum, D. lonicera, R. aci-
cularis, V. myrtilloides



Site
No.

54

25

56

5T

58

>9

60

61

62

63
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Location D
Gillies Twp, 27
450 m from Hwy.

588 toward

Rabbit Mt.

1.5 km from 32

Hwy. 595 towards
Wamsley, 20 m
S.of trail

0.8 km S.of 30
Wamsley, 35
m into bush

T.2 km N.W. of 39
above, 0.8 km

S. of Hwy. 595,

90 m W.of private road

2.4 km down 36
trail S. off south-
ernmost part of

Hwy. 595

near Canada Cus- L5
toms, 70 m E.of
Hwy. 61

12.0 km W along 48
Devon Rd., 25
m S.

Devon Rd. at Ar- 51
row R. turn, 40 m W.

3.2 km N.of 51
above, T5 m W.

of road

3.2 km N.of L8

above, 320 m E.

Associated Trees and Shrubs

A. balsamea, P. tremuloides,
B. papyrifera, R. strigosus,
D. lonicera, A. spicatum

A. balsamea, B. papyrifera,
P. tremuloides, A. spicatum,
D. lonicera, Rubus parviflor-
us Nutt.

A. balsamea, A. rugosa, R. stri-
gosus, Betula pumila L., S.
pubens

P, balsamifera, P. tremuloides,
A. balsamea, B. papyrifera, D.
lonicera, R. acicularis

P, banksiana, P. glauca, A.
balsamea, B. papyrifera,
R. adicularis, V. myrtilloides

A. balsamea, B. papyrifera,
Sorbus sp., R. glandulosum

A. balsamea, Acer hegundo L.,
A. rugosa

A. balsamea, D. lonicera

P. mariana, S. decora, A. bal-
samea, L. canadensis

A. balsamea, P. tremuloides,
C. stolonifera, Shepherdia
canadensis (L.) Nutt.



Site
No.

6L

65

66

67

68

69

70

T1

T2
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Location D
3.5 km N.ot L9
63, 7.5 m W,

of road

12.8 km N. of L7
turn at Arrow

R.., 90 m E.
16.3 km N. of 45

Arrow R . turn,
1.6 km from junc.
with Hwy. 588,
40O m E.of road

150 m S. of Ex- 8
pressway, 250 m
N.of Lskeshore Dr.

junc. Expressway 28
and Lakeshore Dr.,
250 m N.

17.1 km W.of 28
Pearl, 1.6 km down
Birch Beach Rd.

8.5 km W, of 38
Pearl, 450 m
S. of Hwy. 11/17

just W. of 43
Pearl, 450 m N.

8.3 km. W. of 53
Dorion, 1.0 km S.

Associated Trees and Shrubs

A. balsamea, B. papyrifera,
A. rugosa, R. acicularis

sample collected from several
fallen trees in A. balsamea
stand

A. balsamea, A. rugosa, P.
tremuloides, C. stolonifera,
R. parviflorus

A. balsamea, B. papyrifera,
S. decora, A. spicatum, D. lon-
icera, A. sanguinea

P. glauca, B. papyrifera, S. dis-
color, A. balsamea, P. tremu-
loides, V. myrtilloides

B. papyrifera, A. balsamea,
R. acicularis, D. lonicera

B. papyrifera, A. balsamea

P. balsamifera, A. balsamea,
B. papyrifera, P. glauca, L.
canadensis, C. stolonifera

P. balsamifera, S. discolor,
B. papyrifera, P. glauca, L.
canadensis, C. stolonifera
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Site
No. Location D

73 Dorion, 2.4 km 58
S. of Hwy. 11/17

Th Sibley Penin., 31
8.0 km N. of
l1ookout turnoff, 20 m W.

75 1.6 km N. of 28
lookout turnoff,
35 mW.

76 N.W. part of is- 29
land in Pounds-
ford L.

T7 at lookout, T5 26
m E. of road

78 475 m W. of Pick- 30
erel L. along
nature trail

79 W. shore of Lake 29
Mary Louise, 200
m W. of road

80 S. shore of Lake 29
Mary Louise, 325
mn S. of road

81 3.2 km N. of 31
Silver Islet,
120 m E. of Hwy.587

82 just E. of Sil- 31
ver Islet, 20 m
E. of trail

Associated Trees and Shrubs

S. decora, A. balsamea, B. pap-
yrifera, A. rugosa, R. strigosus,
L. groenlandicum

P. glauca, A. crispa, B. papyrifer-
a, D. lonicera, V. myrtilloides

P. mariana, A. balsamea, P. glauca,
B. papyrifera, A. crispa, D.
lonicera

B. papyrifera, A. balsamea, T.
occidentalis, P. glauca

P. glauca, P. tremuloides, V.
angustifolium

P, strobus, A. balsamea, B. pap-
yrifera, T. occidentalis, Salix

sp.

P. balsamifera, T. occidentalis,
B. papyrifera, P. tremuloides,
P. glauca

B. papyrifera, P. balsamifera,
P. glauca, P. mariana

P. tremuloides, P. mariana, A.
balsamea, C. stolonifera, R.
acicularis

B. papyrifera, A. balsamea



Site
No.

83

8l

85

86

87

88

89 -

90

91

92
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Location D
2.2 km down Hazel- 4
wood Dr. From Hwy.

102, 400 m N.

Hwy. 102 Just W, 12
of Mapleward Rd.,

700 m S.

350 m E. of Hwy. 17
102, 230 m N. of

Auto Rd.

2.1 km E. of junc- 36

tion. Hwy. 102 and
11/17, 750 m S.

8.3 km N.W. of
Junction, 220 m
W. of Hwy. 11/17

18.9 km N.W. of I
junction, 290 m W.

Hwy. 11, 6.4 xm W. 56
of Junction with
11/17, 290 m N.

just W. of Swamp R., 65
8.8 km W. of above,
1200 m N. of Hwy. 11

9.3 km W. of Swamp R.,T3
900 m N. of Hwy. 11,
30 m W. of trail

9.4 km W. of 91, 80
300 m S. of Hwy. 11

Associated Trees and Shrubs

A. balsamea, B. papyrifera, P.
tremuloides, P. balsamifera, A.
spicatum, C. stolonifera

A. balsamea, A. rugosa, P. trem-
uloides, 8. decora, D. lonicera

A. spicatum, B. papyriféra, A.
balsamea, P. tremuloides, L.
canadensis

A. balsamea, B. papyrifera, P.
tremuloides, A. rugosa, D. lon-
icera

P. glauca, A. crispa, B. papyri-
fera, P. tremuloides

V. myrtilloides, A. spicatum,
Rosa blanda Ait.

A. balsamea, P. tremuloides, B.
papyrifera, A. spicatum, D. loni-
cera

A. balsamea, B. papyrifera, P.
tremuloides, D. lonicera, V.
myrtilloides

P, mariana, L. groenlandicum,
V. myrtilloides

B. papyrifera, A. balsamea, P.
tremuloides, D. lonicera
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Site

No. Location D C Associated Trees and Shrubs

93 100 m E. of Birch 90 5 B. papyrifera, A. spicatum, P.
Pt. Rd., 37> m N. tremuloides, D. lonicera, A.
of Hwy. 11 crispa, A. rugosa

ok 10.9 km W. of above, 100 3 B. papyrifera, A. balsamea, A.
350 m S. of Hwy. 11 ¢rispa, P. mariana, R. strigo-
across small legke sus

9t 10.9 km W. of above, 110 1
500 m S. of @wy. 11, none
50 m E. of micro-
wave tower road

96 6.4 km W. of above, 117 2 P. banksiana, B. papyrifera, P.
210 m N. of Hwy. 11 mariana, P. tremuloides, L. can-

adensis, V. myrtilloides

97 10.2 km W. of gbove, 126 1 B. papyrifera, V. myrtilloides
650 m N. of Hwy. 11,
15 m W. of logging
road

98 75 m W. of Mathieu 137 3 P. mariana, B. papyrifera, A.
Lumber Co. R4., balsamea, A. spicatum, D. lon-
1300 m W. of Hwy. 11 icera

99 450 m E. of Howcum 21 1 A. balsamea, P. tremuloides, B.
L. Rd. down logging papyrifera, V. myrtilloides, L.
road groenlandicum, L. laricina

100 island in Marks Lake, 73 1 n.d.
Marks Twp.

101 Town of Marathon, 200 n.d. n.d.
near Shell station
on small hill

102 on hill just S.E. of 200 n.d. n.d.

paper mill



Site
No.

103

10k

105

Location

on mossy rock
slope facing

bay, Just S.W.
of paper mill

1.2 km toward
Marathon from
Hwy. 17, 0.4 km
N. of road near
lake

1.6 km E. of Hwy.
17, down contin-
uation of Marathon
Road

- 200 -

200

200

200

n.d.

n.d.

Associated Trees and Shrubs

n.d.
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