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Abstract

ODC 425.1: 174.7 : 172.9 Pinus silvestris

The influence of air pollutants from an iron sintering plant in the northern
part of Sweden on Scots pine trees and lichens has been studied. The emission
has been around 175 ton HF and 2000 ton SO, yearly. The total fluorine and
sulphur contents of Scots pine needles from different sample plots around
the factory have been analysed. Three years old needles, which had the
highest concentrations of fluorine, were used in the analyses. An increased
fluorine content was evident within an area of 5 km radius from the emission
source. The corresponding sulphur analyses did not show an equal clear
relationship to the distance from the factory. The accelerated needle drop of
Scots pine trees has been quantitatively recorded. A shorter lifespan of
needles coincided with the proximity to the emission source. Together with
the observations of the occurrence of the lichens Hypogymnia physodes (L.)
W. Wats., Alectoria spp. and Nephroma arcticum (L.) Torss. their photo-
synthetic and nitrogen fixation activity was measured under laboratory condi-
tions. The photosynthesis, measured by 14C-technique, was inhibited in samples
of Hypogymnia physodes taken within the influence area mentioned above.
Also the nitrogen fixation activity in excised cephalodia of Nephroma arcti-
cum sampled near the emission source was significantly inhibited. The re-
sults presented are discussed in relation to the techniques used and the eco-
logical consequences of the emission and imission in the area.
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1 Introduction

The effects of polluted air from industrial
emission sources on surrounding vegetation
has been well documented, especially re-
garding the effects on epiphytic lichens and
coniferous trees. This research has mainly
been concentrated on the destructive effects
of sulphur dioxide emissions. Much infor-
mation, however, is also available con-
cerning fluorine compounds identified as
having deleterious effects. The effects of
sulphur dioxide and fluorine compounds on
lichens has recently been reviewed by Ferry
et al. (1973) and Gilbert (1971, 1973 a, b).
The corresponding effects on coniferous
trees have also been thoroughly reviewed
(Scurfield 1960 a,b, Garber 1967, Tamm and
Aronson 1972, Mudd and Kozlowski 1975).
The aim of the present study has been to
evaluate the extension of eventual influences
on the surrounding vegetation of the emis-
sion from the iron-sintering plant in Vitafors,
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Norrbotten, Sweden—in close proximity
to the communities Koskullskulle, Malm-
berget and Gillivare. The yearly emission
of sulphur dioxide and hydrogen fluoride
has been around 2000 ton and 175 ton,
respectively for the last years. The content
of sulphur and fluorine in the needles of
Scots pine from the sample plots has been
analysed and correlated to the emission
source. The needle drop of coniferous frees,
well-known from air polluted areas, has
been quantitatively recorded and correlated
with the occurrence and physiological re-
actions in some lichen species from sample
plots at different distances from the emis-
sion source. Earlier reports on the impact
of iron-sintering plants on their biologicai
environment seem to be limited to studies
on predominately lower levels of the vege-
tational strata (Gordon and Gorham 1963,
Rao and LeBlanc 1967).



2 Material and methods

2.1 The sampling area

The LKAB sintering plant in Vitafors is
located in Norrbotten, the most northern
county of Sweden at a latitude 67°N and at
a longitude 20°E on an altitude of about
450 m. The near surroundings of the plant
has a marked topography with altitude
variations between 270 m (at Lina river)
and 600 m (on the top of the hill Kungs-
ryggen). For a survey of the area, cf. Fig. 1.
The tree-limit is just above 600 m.

2.2 The emission source

The emission source is situated on the
northern slope of the hill Kungsryggen in
the Lina river valley, the main direction of
which is northwest to southeast. The emis-
sion of sulphur dioxide and fluoride com-
pounds, respectively, for the last years at
this industry is given in Fig. 2. Actually
there are several chimneys emitting both
SO, and HF, the biggest emission products.
The two sintering furnaces have chimney

heights of 45 and 70 m, respectively. Par-
ticulate fluorides and nitrogen oxides (NO,)
are also emitted from the industry. The
exact amount of NO, is not known but is
probably less than the quantity of HF.
According to estimations made by SMHI,
Norrkoping, calculating with a total emis-
sion of fluoride compounds of 1100 kg
day-1, the monthly mean value for Feb-
ruary in Koskullskulle, 1.7 km SE the
industry (near SOI1, cf. Fig. 1) would be
1.09 ug F.m-3 and for an unfavorable
summer month 0.77 yg F.m-3 (data after
Bringfelt and Persson 1974). However, also
the broken ground in this area may have
considerable influence on the actual distri-
bution of smoke-gases from the factory.
This may be considered together with the
prevailing wind directions presented in Tab.
1. It should also be noted that these wind
directions are based on pooled data from
the climate stations Malmberget airport and
Gillivare 10 km SSE and S, respectively the
emission source.

Table 1. Monthly wind distribution in the Gillivare—Malmberget area in the period 1965—
1974 calculated after data from SMHI, Norrkoping.

Month Per cent distribution
N NE E SE S SW W NW CALM
1 5.1 74 9.2 8.2 4.5 7.8 11.9 7.9 379
2 14 9.4 8.2 6.5 2.9 11.7 8.9 10.2 40.9
3 6.5 8.1 8.4 9.6 5.0 12.8 15.1 10.0 24.5
4 1.1 10.0 12.6 12.2 54 10.7 14.0 8.4 15.6
5 14.1 13.2 1i.3 8.8 7.2 9.2 11.8 12.8 11.5
6 6.4 6.0 82 11.0 8.8 16.4 21.7 12.8 8.7
7 54 5.6 9.7 15.5 10.6 12.8 159 9.9 14.6
8 8.9 59 6.3 14.8 8.5 10.7 15.4 12.1 17.3
9 6.5 52 11.0 13.5 5.9 13.8 14.3 12.0 17.9
10 57 7.0 7.4 11.6 3.6 11.3 18.7 13.5 21.1
11 6.8 8.9 7.6 9.9 4.6 9.2 13.8 124 26.9
12 4.5 9.0 11.5 10.1 5.6 9.9 14.9 9.5 25.0

[



Figure 1. The distribution of the sample plots around the LKAB sintering plant in Vitafors,
Malmberget, Norrbotten, Sweden (67°0'—67°20'N lat., 20°25'—20°40'E long.).

0-point at the emission source of the industry. Marks on the “Topografisk Karta éver Sverige,
Rikets Allmanna Kartverk, faltkarta 28 K, Gallivare SV, 1: 50.000”.
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Figure 2. The cumulative emission of SO, and HF from the LKAB sintering plant in Vitafors,

Norrbotten during the period 1962—1973.

After data from LKAB. The two curves for the HF-emission represent the results from the

highest and lowest estimated levels of emission.

2.3 The sample plots

Efforts were made to locate the sampling
plots in as comparable areas as possible and
symmetrically around the industry with the
smoke stacks as central-point. For practical
reasons it was not possible to carry out this
intention strictly but plots in most of the
main directions were located up to a dis-
tance of about 15 km from the emission
source. A survey of the sample plot loca-
tions and their vegetation is given in Fig. 1
and Tab. 2, respectively. The plot designa-
tions and topographical profiles between the
source and the sampling plots, respectively,
are presented in Fig. 3 A—7 A.

2.4 The needle recording

During the period 27.8—5.9 1974 material
was collected from trees of Scots pine,
Pinus silvestris L., which is the prevailing
coniferous species in the area. In each
sample plot four trees were chosen, two
with a vigorous growth and two of an
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inferior kind. Each couple was as similar
as possible with respect to general ap-
pearance. From each tree two branches
were taken from the lower part of the
crown (for an exception, cf. Fig. 7). Bran-
ches were avoided, which by flowering had
a disturbed needle pattern. Trees near roads
or with resinous wood or otherwise directly
visibly affected by insects etc. were also
avoided.

In the laboratory the numbers of needle
pair of cach yearly shoot were recorded
from the main shoot and one side branch
of sufficient age permitting recording the
numbers from each annual section up to a
total age of ten years. Simultaneously the
lengths (in mm) of the annual sections,
respectively, were measured. For each
sampling plot and shoot-age the total num-
ber of needle pairs and needle pairs per ¢cm
were pooled (Tab. 3). The data in Fig. 3—7
give both types of values relative to the
corresponding plot values from the current
year (1974), referred to as 0 year. The age
with a 50 per cent reduction of the relative



Table 2. Some vegetation characters of the sample plots around the LKAB sintering plant,
Vitafors, Norrbotten. Classification system according to Arnborg (1964).

Sample plot Vegetation type

designations

N1 near clear felled-area, dry dwarf shrub type

S1 boulder rich hillside slooping abruptly down to the industry, mesic dwarf shrub
type

S2 old pine forest, mesic dwarf shrub type

S3 thinned stared mesic dwarf shrub type

S4 boulder rich pine forest, near railroad, mesic-dry dwarf shrub type

SO1 relatively-young stand within Koskullskulle community, mesic dwarf shrub type

SO2 relatively young pruned stand, dry dwarf shrub type on a slope, exposed to
industry

SO3 older stand of pine, very dry dwarf shrub type

o1 old pine forest, boulder rich ground, mesic dwarf shrub type

0S0o1 thinned loftly pine stand at the foot of slope, dry dwarf shrub type

02 older stand, dry dwarf shrub type

0802 dry dwarf shrub type near clear-felled area

03 old stand, dry dwarf shrub type

NO2 mesic dwarf shrub type (Empetrum-type), spruce and birch dominating

NO1 dry dwarf shrub type, bole scars on pine from fire, hiilside slooping towards south

Svi mesic dwarf shrub type (Empetrum-type), birch dominating

Sv2 dry dwarf shrub type, relatively young stand, thinned

SV3 moist dwarf shrub type, near clear-felled area

Sv4 near mire, wet dwarf shrub type, spruce dominating

NV5st pine forest heath, mesic dwarf shrub type

NV4 old pine forest with resinous wood (Peridermium), very dry dwarf shrub type

NV3 very dry dwarf shrub type

NV2 dry dwarf shrub type near newly clear-felled area exposed to industry

NV1 near the industry, relatively young stand, mesic dwarf shrub type

* Located 23.5 km, 382° (WNW) the emission source near Sjaunja National Park; other sample

plots according to Fig. 1.

needle frequencies and the relative number
of needle pairs per cm was obtained by
interpolation.

2.5 The lichens

At the same time as the collection of pine
material and recording of lichens on the
individual sample plots materials of Hypo-

gymnia physodes (L.) W. Wats., Nephroma
arcticum (L.) Torss. and Alectoria spp. were
collected for further measurements in the
laboratory. Lichens were also taken on a
later occasion (11—13.11 1974, see Material
II in Tab. 8). The materials were air-dried
and then kept dry at +4°C in the dark
until further analyses, which were carried
out within two weeks after the collection.
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Before the start of the photosynthetic or
nitrogen fixation measurements the lichens
were rewetted in tap water for one minute,
rinsed and transferred to moist filter paper
into a growth chamber. There they were
kept for 14—18 hours at 75 per cent rela-
tive humidity and +18°C in continuous
fluorescent light (General FElectric Power
Growth, type “Daylight” and “White de
Lux” in the proportion 1:1). The irra-
diance was 55 W.m-2 measured with a
Moll-Gorzynski Solarimeter (Kipp & Zoo-
nen CM2).

After this pretreatment lichens of the same
species but from different sample plots were
at the same time transferred into a plexi-
glas-chamber for the photosynthetic maa-
surements. The conditions were the same as
described above but with a circulating air
supply containing about 350 ppm CO, with
14CO, (0.5 Ci.mol-1) during one hour. Im-
mediately afterwards the lichens were killed
by being submersed in liquid nitrogen and
then dried at +104°C for 24 hours. Parallel
samples were taken for water content de-
terminations. After weighing the samples
were combusted (Packard Tricarb Sample
Oxidizer, Mod. 306) and the evolved CO,
was trapped in Carbosorb. The samples—
10—20 per species and sample plot——were
counted by liquid scintillation (Packard No.
3375) with Permafluor V as a scintillation
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liquid. After appropriate quenching correc-
tions the photosynthetic values have been
expressed as the quantity of incorporated
14C per 10 mg dry weight and hour.

The nitrogen fixation activity was studied
on excised cephalodia from Nephroma arc-
ticum. One piece from each thallus, 12 mm
in diameter containing one cephalodium,
was puched out and put into a 7 ml glass
bottle. The ethyne reduction technique ear-
lier described (Hallgren and Huss 1975) was
used. The nitrogen fixation activity has
been expressed as ymol C;H, produced per
cm? and hour.

2.6 The fluorine and sulphur analyses

The materials from the recording of the
needle frequencies were preserved in paper
bags at +4°C until further analyses. The
fluorine and sulphur content were deter-
mined at the Department of Chemistry,
Agricultural College, Uppsala according to
Kirsten (1976). The determinations were
done on duplicated, random samples with
20 needle pairs in each sample. The results
have been expressed as ppm fluorine and as
weight per cent sulphur of the needle dry
weight (+110°C, 48 hours). The determina-
tions of the needle content of water soluble
fluoride was performed by G. Nilsson, the
Laboratory of LKAB, Vitafors.



3 Results

The well-known needle drop increase of shoot. The results show an extended life-
coniferous trees in air polluted arcas has span of the needles up to nine—-ten years in
in this case been quantitatively recorded as this area. The total numbers of needle pairs
the number of needle pairs in relation to per year and sample plot are seen in Tab. 3
the age and the length of the corresponding and expressed as number per unit length of

Table 3. The total number of needle pairs of Scots pine, Pinus silvestris L. per age-class of
needles and sample plot.

Each figure represents the total number from four investigated trees and two branches per
tree. 24 sample plots. Collected 27.8—5.9 1974 around the LKAB sintering plant, Vitafors,
Norrbetten. For plot designations, cf. Figure 1 and Table 2.

Sample Total number of needle pairs per age-class of needles

lot
P 0* 1 2 3 4 5 6 7 8 9 10 Sum
NVsT 534 668 462 521 475 384 51 15 0 0 0 3.110
NV5B 323 405 291 260 283 224 97 99 14 0 0 1.996
NVv4 365 403 330 318 226 117 42 2 0 0 0 1.803
NV3 434 502 330 400 248 162 86 0 0 0 0 2.162
Nv2 324 324 212 268 258 190 119 23 0 0 0 1.718
NVvi1 400 424 297 288 290 153 79 10 0 0 0 1.941
NViA 408 419 308 360 333 251 223 83 36 0 0 2421
NV1B 431 422 217 234 24 2 0 0 0 0 0 1.330
S01 538 549 414 329 146 88 29 13 3 0 0 2.109
S02 451 557 350 339 192 158 71 i1 0 0 0 2.129
S03 437 482 307 436 250 251 147 33 45 1 0 2.389
NO2 480 484 312 304 211 138 81 69 0 0 0 2.079
NO1 274 293 187 254 225 208 200 54 0 0 0 1.695
Svi 429 491 338 400 305 152 61 25 0 0 0 2.201
Sv2 369 419 276 281 213 161 75 22 0 0 0 1.816
SV3 495 516 380 484 414 212 34 0 0 0 0 2.535
Sv4 405 383 295 342 269 209 65 26 0 0 0 1.994
N1 300 396 245 349 181 137 41 30 19 7 0 1.705
S1 338 332 154 143 138 56 24 24 5 0 0 1.214
S2 386 557 258 338 282 168 25 0 0 0 0 2.014
S3 238 307 189 199 159 134 58 6 0 0 0 1.290
S4 375 429 307 333 177 139 144 52 8 1 0 1.965
01 350 280 197 251 213 151 121 72 23 0 0 1.658
0801 459 525 321 340 352 220 228 35 0 0 0 2.480
02 339 407 247 272 287 205 105 52 26 14 0 1.954
0502 385 408 241 221 133 124 53 6 0 0 0 1.571
03 372 391 248 283 239 223 72 19 0 0 0 1.847
Sum 10.639 11.773 7.713 8547 6.523 4.617 2331 781 179 23 0 53126
X 394 436 286 317 242 171 86 29 7 1 0
% 100 111 73 80 61 43 22 7 2 02 O

* The age-class 0 represents needle pairs developed during the year 1974,
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Table 4. The mean numbers of needle pairs per unit length of shoot and corresponding
shoot lengths of Scots pine, Pinus silvestris L. from some sample plots around the LKAB
sintering plant, Vitafors, Norrbotten. 27.8—5.9 1974,

For further details, cf. Figure 1 and 7 B.

Sample Shoot and Number of needle Corresponding Average number of
plot needle age pairs per cm shoot shoot lengths needle pairs per
year length cm shoot
(n.p.cm-1) (s.l.cm) (n.p.cm-1Xs.lcm)
NV4 o 137418 37+£06 49
5 612 27405 17
NV1 A-trees
0 202 28405 56
5 14+2 25104 36
B-trees
0 1842 3.1+05 57
5 0+£0 29+02 0
S0O3 0 15+£1 3.8+0.5 58
5 12+2 28+04 33
NO2 0 13£1 47+0.6 63
5 843 2.84+04 22
S1 0 1741 2.6+0.2 43
5 2+1 23404 5
Sv4 0 15+1 3.7+07 54
5 11+2 29106 33

* represents the investigation year 1974.

2

% mean error.

shoot for some sample plots in Tab. 4. In
Fig. 3B—7B and 3 C—7 C the results are
given for the relative frequencies of needle
pairs and the relative numbers of needle
pairs per unit length of the shoot, respec-
tively. The needle frequencies naturally
decrease with age but deviations are evident
among the three—five years old needles.
The relatively increased number of needles
from 1973 year’s shoots is also evident. As
seen in Fig. 3 B—7 B the estimated needle
age at a 50 per cent reduction of the needle
frequencies has a variation width from
1.8—6.4 years between different sample
plots. Correspondingly the results in Fig.
3C—7C show a broad variation for the
50 per cent reduction between 2.3—6.3 years
of the number of needle pairs per unit
length of the corresponding shoot lengths.
Similar types of irregularities also can be
observed here among the three—five year

12

mean value from four trees, two branches per tree, n=38.

old needles, but the 1973 year’s peaks are
rarely found (for exceptions, see S2 and
SV4). This may suggest a maximum, Cor-
relative value for the number of needle
pairs per unit length of the corresponding
shoots.

In spite of the fact that the used inter-
polation method has not been taken into
account the variation between individual
branches and individual trees inside each
sampling plot (cf. Tab. 4) it is suggested
that the needle pair frequencies and the
number of needle pairs per unit length of
the shoots of most of the materials show a
time interval of 4—6 years for the 50 per
cent reduction level. However, in some cases
there is both a marked tendency for a
shorter life-span of the needles at the 50
per cent reduction level (sample plots S1,
SO1, S02, 0S02, NO2, NV1/B) and at the
same time absence (with exception for NO2)



Table 5. Ranking list for the estimated
needle ages of Scots pine, Pinus silvestris L.
at a 50 per cent reduction of the number of
needle pairs in relation to the numbers for
the current year (1974). From sample plots
around the LKAB sintering plant, Vitafors,
Norrbotten 27.8—5.9 1974,

Ranking Sample Needle age at a 50 %

list plot reduction of the number
of needle pairs
year®

1 NO1 6.4

2 NViIA 6.2

3 02 5.8

3 0S01 5.8

4 01 5.5

5 NVST 54

5 Nv2 54

6 NVs5B 53

7 SO3 52

7 S3 - 52

7 03 5.2

8 sSv4 5.0

9 S2 4.8

9 Sv3 4.8
10 NV1 4.6
10 N1 4.6
11 Sv1 4.5
11 Sv2 4.5
12 NVv4 44
13 NV3 4.3
14 sS4 4.0
15 NO2 3.6
15 SO2 3.6
16 0S02 33
17 SO1 3.2
18 NVIB 23
19 S1 1.8

* Interpolated values from Fig. 3 B—7 B.

of the above mentioned irregularities for
the three—five year old needles. Thus in
these cases an enhanced needle drop may
indicate a disturbance of their environment.
In order to demonstrate any possible cor-
relation to the emission source all the
estimated ages for the 50 per cent reduc-
tion of the number of needle pairs per unit
length have been plotted in Fig. 8 in rela-
tion to distance and direction from the
emission source. As shown there is no
dramatical change of the life-span of the
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needles in relation to the emission source
except for the localities immediately south
(S1) and southeast (SO1 and SO2) the
sintering plant, where the intensified needle
drop could be caused by emissions from the
plant.

A ranking list for the ages at the 50 per
cent reduction of the needle frequencies
(Tab. 5) shows a similar correlation con-
cerning the sample plots relatively close to
the emission source. However, this list also
shows a pronounced accelerated needle drop
at the sampling plot 0SO2, 11.5 km ESE
of the emission source. The reason for this
may be an unfavorable local climate (cf.
the profile in Fig. 5 A). Also the pines at
the elevated locality NO2 (Fig. 6 A) at the
forest limit may be suspected to be primarily
influenced by unfavorable climate condi-
tions rather than by the emission from the
sintering plant. The samples from the plot
NVI1, close to the emission source (cf. Fig,
7 A) are supposed to be influenced from
the industry both by its proximity and the
observed loading of the needles with dust
of iron oxides. By use of the same sampling
technique (cf. the methods), however, the
results in Fig. 7B/NV1 and 7C/NV1 do
not suggest any effects. A selective collec-
tion of material from two vigorously grow-
ing trees and two of an inferior kind from
the same plot in which the branches from
the two types were analysed separately gave
the results presented in Fig. 7B/NVi/A
and 7 C/NV1/B, respectively. Here an ap-
parent difference between the reactions of
different individuals from the same sampling
plot is evident (see also Tab. 4). This
demonstrates at the same time the risks of
biasing the results by selective sampling.
By use of the technique here generally
adopted with sampling from two of the best
and two of the inferior trees from each
sampling plot neither an over- nor an under-
estimation of the environmental effects on
the needle drop of the Scofs pine trees
probably has been attained.

If thus the observed cases with an ac-
celerated needle drop is related to the dis-
tance and the direction from the emission
source evidences for a 5 km zone of in-
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Table 6. The occurrence of some terricolous and epiphytic lichens on sample plots around
the emission source at the LKAB sintering plant, Vitafors, Norrbotten.
27.8—5.9 1974. + =present; — =absent; for Alecroria spp. also estimations of the abun-

dance. For plot designations, cf. Figure 1.

Sample Terricolous lichens

Epiphytic lichens on Scots pine

plot
Peltigera
aphtosa

Nephroma
arcticum

Hypogymnia
physodes

Alectoria spp.

Occurrence Abundance

03
NV4
0802
NO1
S4
NV3
0801
Sv4
NO2
N1
01
NV2
S3
503
02
SV3
Sv2
S2
Svi1
S02
NV1
S1
SO1
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t with visible damages.

fluence with preference for a topographi-
cally dependent extension in northwest—
southeast secems probable.

Since lichens are known as especially
sensitive indicators of air quality, studies on
the occurrence and activity of some lichens
were carried out. Here Alectoria spp. (main-
ly A. Fremontii Tuck.) has been used as
one of these bioindicators, the occurrence
of which and estimated abundance in the
area are presented in Tab. 6 and Fig. 9.
The results support the evidence from the
needle drop studies above and are also
consistent with an earlier investigation of
Alectoria spp. and Usnea spp. in the area
(Nilsson, unpubl. report 1974). Also thalli
of Hypogymnia physodes were absent close
to the industry (S1) and showed morpho-
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logical damages in other sample plots near
the emission source.

The lichens close to the sintering plant
were more or less covered with dust, mainly
consisting of iron-oxides, and this was also
the case of Hypogymnia physodes from
sample plot NV1. Here the terricolous lichen
Nephroma arcticum was missing and in the
sample plot S1 it frequently showed yellow
margins of the thalli, which was not ob-
served in any of the other investigated
plots. The terricolous lichen species of Pel-
tigera as well as Cladonia and Stereocaulon
from more dry habitats were never observed
to have visible damages.

Concerning directly visible damages it
may also be mentioned that the pine trees
from the sample plots S1, NV1 and SOIl,



Table 7. Comparisons between the life-span of needles of Scots pine, Pinus silvestris L. and
the presence of lichens of Alectoria spp. in the same sample plots around the LKAB sinter-

ing plant, Vitafors, Norrbotten.

27.8—5.9 1974. For the estimations of the age at the 50 per cent reduction, cf. Figure 3B

and 3 C, respectively.
A: Based on the relative needle frequencies.

B: Based on the relative numbers of needle pairs per unit shoot-length.

The occurrence of Alectoria spp.

Number of sample plots with trees showing a

50 per cent reduction of the needles at an age of

A Sum B Sum
<5 >5 <5 >S5
years years years  years
Number of plots without Alectoria spp. 7 0 7 4 3 7
Number of plots with Alectoria spp. 7 9 16 3 13 16
Sum 14 9 23 7 16 23
y&=4323 X%= 1.819
0.05>P>0.01% 0.20>P>0.10°

showed partly miscoloured needles (yellow-
red—greyish-red). This was observed either
among the current year’s needles or among
older ones. Only on very few branches the
needles of several ages were simultaneously
discoloured. It must be emphasized that the
majority of the trees was lacking such
visible damages.

To evaluate the similarities in reaction to
the environment of Scots pine and the
lichen Alectoria spp. the number or sample
plots with and without the occurrence of
Alectoria and the corresponding needle drop
reaction of the pines are given in Tab. 7.
These results suggest a positive relationship
between the occurrence of needle ages of
five years or older and the presence of
Alectoria in the same plots thus supporting
a similar reaction of the different systems
in relation to the emission source.

Not only directly visible effects of an
actual air pollution are of interest, but
also possible disturbances of the basic phys-
iology of the plants in such an environment.
Therefore the photosynthesis and nitrogen
fixation of some of the affected lichen
species mentioned above were studied. Ma-
terial of Hypogymnia physodes from plots
inside an area of 5 km radius from the

emission source showed pronounced dimin-
ished photosynthetic capacity than material
from more distant localities (Tab. 8, Fig.
10). This was evident even in cases, where
no directly visible damages were observed
(cf. Tab. 6). A similar correlation between
the photosynthetic activity of the Alectoria
samples and the proximity to the emission
source could not be established, however.
A partly repeated investigation of the same
area two months later confirmed in the
main these differences between Hypogymnia
and Alecroria. Concerning the nitrogen
fixation capacity of excised cephalodia of
Nephroma arcticum this was significantly
lower—tested with Wilcoxon’s test—in sam-
ples from the plots S1 and SV1 in com-
parison with material from more distant
plots (SV2 and SV3, Tab. 9). It was also
observed that several samples from the
localities SI and SV1 did not show any
nitrogen fixation activity at all.

A further approach to mapping the actual
imission situation was carried out by means
of analyses for fluorine and sulphur in pine
needle material.

By kind permission from G. Nilsson, the
LKAB Laboratory, Vitafors, the results
from a study on the water-soluble content
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Table 8. Photosynthetic CO,-fixation by the epiphytic lichens Hypogymnia physodes (L.)
W. Wats. and Alecforia spp. from sample plots around the LKAB sintering plant, Vitafors,

Norrbotten.

Material I collected 27.8—5.9 1974, material II collected 11.11—13.11 1974, Measurements
done in the laboratory, cf. the methods. For sample plot designations, see Figure 1 and

Table 2.

Sample plot Photosynthetic activity

Dpm . 103. 10 mg dry weight-1.h-1

Hypogymnia physodes

Alectoria spp.

Material 1 Material 11 Material 1 Material 11

NV4 20.3+1.89 n.i. 7.1+ 1.27 n.i

NO2 24.4+1.92 n.i. n.i. 12.0+0.87
NV3 202+ 1.62 n.i. 4.3+0.50 n.i.

NV2 4.5+ 1.40 6.6 + 0.01 2.5+0.51 5.1+1.3
NO1 n.i. n.i. n.i. .

Ni 14.7+ 1.38 12.1+0.77 2.7+043 n.i.

NV1 0.3+0.07 0.1+0.01 n.d. n.d.

Si n.d. n.d. n.d. n.d.

SO1 0.1+£0.01 n.i n.d. n.d.

01 14.44+1.23 n.i. 3.5+092 6.4+ 0.90
Svi1 n.i. n.i. n.d. n.d.

S2 n.i n.i. n.d. n.d.

0S01 n.i n.i. 244044 10.0+1.92
02 n.i n.i. ni. ni.

SO2 7.8.+0.97 n.i. n.d. n.d.

Sv2 n.i. n.i. n.d. n.d.

S3 11.0+0.95 n.i n.i. 7.1+£0.5
SO3 192+ 112 214+3.15 3.5+0.58 13.0+£14
SV3 n.i. n.i. n.i n.i.

sS4 20.942.49 n.i. n.i. n.i.

0S02 n.i. n.i. 7.9+0.87 5.0+06
03 18.1+1.17 n.i. n.i. 42413
Sv4 n.i. ni. ni. 52+07

n.i.: not investigated.

n.d.: not detectable.

of fluoride of Scots pine needles from
sampling plots around the sintering plant
are given in Fig. 11. This material was
collected in 1972 and the analyses were
done on one—several year old needles. It
shows a higher content in material from the
nearest 5 km area around the emission
source with a marked distribution inside
this area in a northwest—southeast direc-
tion. The maximum value was 18 ppm
fluoride per dry weight from a sample
plot close and north to the emission source,
the lowest ones were 0.3 ppm from pilots at
a distance of 10—15 km.

In order to permit a direct comparison
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between the fluorine content and the phys-
iological observations presented above a
repeated study of the total fluorine content
was carried out on material from the needle
drop studies and thus from the same sample
plots as which where the lichen samples
were collected. As a beginning the content
of fluorine and sulphur in needles of dif-
ferent ages was studied. The results for
fluorine are given in Fig. 12 made on
material from plot SOI in which distur-
bances have been found (cf. Tab. 5 and 6).
The highest accumulation was detected in
the needles from the year 3 (1971) declining
with increasing age. A comparison between



Table 9. The nitrogen fixation activity of
excised cephalodia from Nephroma arcti-
cum (L.) Torss. collected at different sample
plots around the ILLKAB sintering plant,
Vitafors, Norrbotten.

27.8—5.9 1974. Tested in the laboratory
with the ethyne reduction technique.

Sample Nitrogen fixation activity

plot nmol C,H, -cm~1.h-1
Mini- Mean Maxi- No. of
mum mum determi-
nations
S1 0.0 1.6 28.2 28
Svi 0.0 5.0 29.2 13
SV2 4.8 10.7 24.7 13
SV3 1.1 124 29.0 12

the fluorine content of the current year’s
needles and the three years old ones showed
about a fourfold increase not reflected in
the corresponding hydrogen fluoride emis-
sion from the industry (cf. Fig. 1). Con-
cerning the sulphur contents these varied
between 0.08—0.09 per cent of the dry
weight for the needle ages one—five years.
The only tendency to a higher content was
observed in the needles from the current
year (1974, 0.13 %).

Based on these results the main analyses

were carried out on three years old needles
from the different plots. The results for the
fluorine content are given in Fig. 13 as a
survey in relation to the emission source.
Here all analytical data represent the total
fluorine content. The highest one was ob-
served in needles collected close to the
sintering plant (plot S1) representing a
content of 163 ppm, which may be com-
pared with the minimum value 10 ppm
(from the plot NV4), the latter obviously
reflecting the magnitude of the fluorine
content of Scots pine needles from sampling
plots more than 5 km from the emission
source. Concerning the distribution of the
highest values a main direction in north-
west—southeast is suggested also in this
case.

The corresponding sulphur analyses were
carried out on the same materials, the
results of which are given in the same way
in Fig. 14. The width of variation was
0.07—0.