


















































































































































































































































































































































































































































transplanted to the proximity of a paper mill/fertilizer complex in central Finland. In the
highly polluted SO, sites, acute injury, including cell organelle degeneration and
plasmolysis, was observed. Further away from the point source in a lower level of SO,
pollution, chronic injury including changes in chloroplast and vacuolar shapes as well as
swelling of the algal mitochondria was observed. It was estimated in the Holopainen
(1994) study that, in less polluted areas, months or years might be necessary before
macroscopic changes would be evident.

The above estimation by Holopainen (1984) proved to be accurate with respect to
this transplant study because visible macroscopic changes in the colour and texture of the
transplanted B. capillaris were evident 3-4 months after the transplant procedure. The
degeneration in appearance continued over the period of the one-year study, however,
microscopic examination of the lichen at the end of the study period indicated that it did
not die.

In contrast, the transplanted A. sarmentosa samples (sites X and 15) were bright
yellow-green in colour with stiff basal attachment and flaccid hollow branches that
remained unchanged macroscopically throughout the study period. The stability of
appearance in A. sarmentosa can be attributed to the initial lower concentrations of

sulphur than that of B. capillaris.

4.3.1.3  Sulphur Isotopic Composition and Sulphur Concentration
Figures 4.3, 44 and 4.5 graphically illustrate that the sulphur isotopic

compositions decrease while the sulphur concentrations increase over the period of one

125



® Sulphur Isotopic Composition W Sulphur Concentration

10.0 600

9.5 | { i L 550
-~ 9.0 E { { i T 500
® 85 { { $ L 450 2
N 8.0 - & i 1 400 =T
= B i@ s
1.5 - { { 1 350 3§
7.0 { 300
65 |@ + 250
6.0 200
ENRE- N S S AU S AS" J-  -  -
~ ¢ & 7 J ’ $ 7 ’
SIFSSFSFgsIF &g s

Date (month/year)

Figure 4.3 Plot of average 5**S values and [S] values for lichens moved from
Bonavista site X to the Botanical Garden over a one year period
(Experiment I).
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Figure 4.4 Plot of average 5*S values and [S] values for lichens moved from
Bonavista site 15 to the Botanical Garden over a one year period
(Experiment I).
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Figure 4.5 Plot of average 5°*S values and [S] values for lichens moved from
Bonavista site 17 to the Botanical Garden over a one year period
(Experiment I).
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year in all three groups of lichens. The anthropogenic sulphur surrounding the Botanical
Garden was being accumulated by the pendulous epiphytic lichens as reflected by the
decreasing isotopic compositions and increasing concentrations. Figure 4.6
demonstrates the relationship between the decreasing sulphur isotopic compositions and
increasing sulphur concentrations for the site 15 lichens. The r for the regression of
8'S on [S) is 0.8047. If the trendline is extended it will intercept at the isotopic
composition (+5.8 @ 0.8%o) and concentration (500 + 74 ppm) of the local lichens in the
MUN Botanical Garden.

The most noticeable observation when considering both the isotopic data and
concentration data together is that during the first month of the experiment as the sulphur
concentration increased greatly, the sulphur isotopic compositions decreased in each case.
A significant adjustment occurred within the first month with respect to both sulphur
isotopic composition and sulphur concentration. The transplanted lichens were immersed
into an atmosphere influenced by a different source of sulphur in greater total amounts.
Thus, it was expected that a change in isotopic compositions and concentrations would
result almost immediately after the transplant procedure. After this initial introductory
period, the isotopic compositions continue to decrease while the concentrations continue

to increase with natural variation among the isotopic and concentration data.

4.3.2 Experiment II
A second transplant experiment was performed to complement the results

obtained from Experiment I. Lichens were again moved from the Bonavista Peninsula
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Figure 4.6 Average 5*'S values plotted against average [S] values for site 15
lichens. * represents the isotopic composition and concentration of
local lichens in the Botanical Garden.
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into the MUN Botanical Garden. Samples were collected weekly and analysed for both

sulphur isotopic composition and sulphur concentration over a period of three months.

4.3.2.1 Sulphur Isotopic Composition

The most significant observation from section 3.3.2 is the great amount of
variability in the isotopic data that occurs from week to week in all cases. The increases
and decreases in the isotopic data on a weekly basis can be attributed to natural variation.
At any given time, the atmosphere may be anthropogenically-influenced by a variety of
sources including emissions from the Utilities Annex, vehicle exhaust, road construction
and fire burning leading to a decrease in isotopic compositions. On the other hand,
increases in isotopic compositions are most likely due to sulphur originating from the
marine environment being carried into the atmosphere surrounding the Botanical Garden.

Site 15 lichens exhibited the highest initial starting isotopic composition
(+14.6%0). There was an overall decrease of a total of 1.7%e over the three months,
however, the amount of variability is significant.

Sites X and 17 lichens did not decrease over the three-month period. Evidently,
these lichens needed a longer time to assume the isotopic signature of the atmosphere
surrounding the Botanical Garden. Interestingly, the greatest amount of natural variation
among the isotopic compositions for site X, 15 and 17 lichens (2.1%o, 2.7%0 and 1.4%eo
respectively) is close to the maximum amount of variation established for the local

lichens (1.9%o).
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4.3.2.2  Sulphur Concentration

The results from the concentration data for Experiment II are detailed in section
3.3.3. Again, the three-month period of this experiment did not show any significant
patterns for the concentration data of the site 15 and 17 lichens. The concentrations for
site X lichens were very variable thus they could not be averaged and were not included
in the analysis (section 3.3.1).

Site 15 lichens exhibited a slight increase in concentrations over three months.
Site 17 concentrations remained fairly constant, beginning and ending with similar
values. However, the amount of variation in each case was great once again.

Evidently, anthropogenic or natural activities occurring on a weekly basis and
contributing sulphur to the atmosphere are subsequently reflected in the lichen samples.
It is important to note that the concentrations of this experiment did not increase greatly
over the first month as was the case in Experiment I. Apparently, the initial shock after

the transplant procedure was less extensive in the second experiment.

4.3.2.3 Sulphur Isotopic Composition and Sulphur Concentration

The three-month period did not provide enough time to see any significant
changes in isotopic or concentration data (Figures 4.7 and 4.8). The most significant
observation was that on a weekly basis there is a great amount of variability in both the
isotopic compositions and concentrations. Due to this great amount of natural variability,
there is no definite relationship between the sulphur isotopic compositions and sulphur

concentrations (Figure 4.9) during this short experiment as was the case in Experiment I.
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Figure 4.7 Plot of average 5*S values and [S] values for lichens moved from
Bonavista site 15 to the Botanical Garden over a twelve week
period (Experiment II).
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Figure 4.8 Plot of average 5*S values and [S] values for lichens moved from
Bonavista site 17 to the Botanical Garden over a twelve week
period (Experiment II).
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Figure 4.9 Average 5™S values plotted against average [S] values for lichens from
Bonavista sites (a) 15 (b) 17 over a twelve week period (Experiment II).
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4.3.3 Experiment] and II

[t is obvious that Experiment [ demonstrated important findings. The one-year
study provided a sufficient amount of time to see a definite change in both isotopic
compositions and concentrations. The transplanted lichens began to react to the new
environment within the first month and continued to change throughout the year. From
this experiment it was determined that penduious epiphytic lichens need more than one
vear to attain the same isotopic signature and sulphur concentration of the surrounding
environment.

The second experiment was less significant however it showed that more than
three months are needed to see a definite change in isotopic compositions and
concentrations. Most importantly, it demonstrated the great amount of variability that
takes place on a weekly basis. When this is taken into consideration. it is evident that a
small amount of natural variation on a monthly basis can be expected.

Overall, the two experiments determined that the pendulous epiphytic lichens
used in this study need over one year to attain the isotopic composition and sulphur
concentration of the new surrounding atmosphere. These results are significant because
they demonstrate that while lichens continuously accumulate sulphur from the
atmosphere, more than one year is required for them to be representative of the

atmosphere if its sulphur isotopic signature is suddenly altered.
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CHAPTERSS
CONCLUSIONS
5.1  Overview

The main objective of this transpiant experiment was to determine the length of
time it takes pendulous epiphytic lichens to achieve the sulphur isotopic composition and
sulphur concentration of the surrounding atmosphere. This study is the first attempt to
monitor changes in sulphur isotopic composition of transpianted lichens. This
information is essential to complement lichen studies, in general, and stable isotopic
studies with lichens, specifically.

Two transplant experiments were performed. The primary transplant extended for
a period of one year with sampling on a monthly basis. The secondary transplant ran for
a three-month period with sampling on a weekly basis.

From Experiment [ it was found that the isotopic compositions decreased while
the concentrations increased over the one-year period for each group of lichens. These
results confirmed that transplantation of pendulous epiphytic lichens into an area with a
high content of anthropogenic sulphur in the atmosphere will indeed cause a decrease in
isotopic compositions and a subsequent increase in sulphur concentrations. It was found
consistently in each group that a significant decrease in isotopic compositions occurred
during the month of December 1997. The concentration, on the other hand, increased
greatly during the first month of the experiment. It is important to note that there is
natural variability among the isotopic and concentration data, apparently unrelated to

transplantation, as was demonstrated by Experiment II.
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From the results of Experiment I, it was determined that one year was insufficient
time for the transplanted pendulous epiphytic lichens to assume the same isotopic
composition and concentration as the lichens originally growing in the Botanical Garden.
It is estimated that a minimum additional six months would allow the transplanted lichens
to reflect the sulphur isotopic composition and sulphur concentration of the new
surrounding atmosphere.

The implications of this study for environmental monitoring and assessment are
significant. It is possible to measure significant changes in sulphur isotopic compositions
and sulphur concentrations over time without waiting extended periods for macroscopic
indications of damage to the lichen. From this study, it was determined that lichens
constantly react to various sulphur sources in the atmosphere. If the atmospheric sulphur
is significantly altered isotopically, this will be seen in the isotopic signature of
pendulous epiphytic lichens. Thus, isotopic and concentration monitoring of lichens
around areas of proposed development provide a definitive measure of the impact of

emissions on the surrounding vegetation over time.

5.2  Future Work

This study has laid the foundation for further research. A longer-term study of
approximately 2-3 years would confirm the results obtained from this study and
definitively determine the length of time transplanted pendulous epiphytic lichens need to

reach the same sulphur isotopic composition and concentration of local lichens.
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A reciprocal study where lichens from the MUN Botanical Garden are
transplanted into the sites along the Bonavista Peninsula would provide valuable
complementary results to this study.

It would also be interesting to perform a similar transplant study utilizing other
abundant lichen species such as Cladonia to determine if various species react similarly.

Finally, the implications of this study for environmental monitoring and
assessment are great. There are numerous industrial point-sources throughout
Newfoundland and Labrador that emit pollutants into the surrounding atmosphere, thus
calling for regular environmental monitoring. Studies involving transplanted and local
lichens can effectively monitor improvement as well as deterioration in atmospheric
quality surrounding industrial point-sources such as the Come By Chance oil refinery,
Holyrood thermal generating station and proposed Voisey’s Bay Nickel mine and smelter
sites.

Overall, studies of atmospheric pollution utilizing lichens as effective
bioindicators have provided significant findings in the past and should continue in the

future.
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Parr Bomb Procedure

e Accurately weigh 0.75 — 1 g of crushed lichen and place into a clean combustion
capsule.

® Attach nickel alloy fuse wire to the electrodes emerging from the bomb lid shown in
the following diagram.

N

Fuse wire

@ Place 10 ml of deionized water and 3-5 drops of 50% hydrogen peroxide into the
bottom of a clean Parr bomb container.

® Place combustion capsule with lichen into circular ring on the lid portion of the
bomb.

@ Adjust the fuse wire so it is positioned close to but not touching the lichen sampie.

® Gently slip the lid into the bomb container (should rest ~1-2 mm above lip of
container).

@ Screw containment-ring onto the bomb container.

@ Attach the connection fitting of the oxygen tank to the inlet valve on the Parr bomb
with the holes aligned.

@ Flush bomb with O, for three seconds.

@ Fill bomb with 30 atmospheres of O-.

@ Attach the wires of the ignition unit to the bomb lid.

@® Submerge bomb in cold water bath and check for leaks.
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e [gnite bomb and allow to cool in the water bath for 15 minutes.

® Remove bomb from the water bath and slowly release the pressure.

e Remove the screw cap and separate the bomb lid from the container.

® Rinse all bomb components with deionized water into a S00 ml beaker.

® Remove any excess fuse wire and clean the Parr bomb thoroughly for the next

combustion.
o Filter the Parr bomb washings through 0.45 um cellulose membrane filters.

® BaSOy; is precipitated from the washing solution.

Note: Non-powdered latex gloves must be worn during this procedure to prevent
contamination.
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Sample Calculation of Total Amount of Sulphur in a Lichen Sample

Example using sample A/15/1:

< 0.0040751 kg —
< 0.50 ml

-.)
< 8.802 ppm -
<33.4% -

8.802 mg
1L

total amount of crushed lichen combusted in Parr oxygen
bomb

washing solution from Parr bomb procedure was diluted
to this known volume for ion chromatography

sulphate concentration obtained from ion chromatography
percentage of sulphur in a sulphate molecule

Xmg
0.50L

= 4.401 mg of sulphate in 0.50 L of solution

4.401 mg
0.0040751 kg

Xmg
L kg

= 1079.97 ppm of sulphate in total lichen

1079.97 ppm x 0.334

= 361 ppm of sulphur in total lichen
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Table 111.1 - 8**S and [S] results for Experiment 1.

MONTH 5*'S (%) IS (ppm)
Site A/15 Site B/15 Site C/15 Average Site A/15 Site B/15 Site C/15 Average |
JUN-97 133 13.3 13.3 133 234 234 234 234
JUL-97 11.0 11.3 9.6 10.6 361 307 387 352
AUG-97 11.3 11.8 13.0 12.0 325 296 372 331
SEP-97 9.8 10.8 9.9 10.2 369 310 303 327
OCT-97 104 10.2 10.7 104 431 362 338 n
NOV-97 11.0 10.6 9.1 10.2 283 322 345 317
DEC-97 9.5 10.7 10.7 10.3 358 325 430 371
JAN-98 9.6 8.7 8.9 9.1 394 354 497 415
FEB-98 9.2 9.3 9.0 9.2 422 337 521 427
MAR-98 8.7 - - 8.7 402 - - 402
APR-98 74 7.6 - 1.5 416 473 - 445
MAY-98 7.8 - - 7.8 406 - - 406
JUN-98 8.6 8.7 8.0 8.4 457 330 452 413
Site A/X Site B/X SiteC/X Average Site A/X Site B/X SiteC/X Average
JUN-97 9.0 9.0 9.0 9.0 242 242 242 242
JUL-97 8.9 8.1 9.1 8.7 430 373 415 406
AUG-97 9.3 9.3 9.3 9.3 383 420 381 395
SEP-97 84 8.8 8.4 8.5 433 383 307 374
OCT-97 84 8.3 9.2 8.6 340 383 381 368
NOV-97 9.6 9.2 8.7 9.2 434 387 389 404
DEC-97 8.8 9.5 9.0 9.1 425 425 405 418
JAN-98 7.8 8.3 1.6 1.9 434 429 407 424
FEB-98 7.8 7.2 7.5 1.5 466 441 382 430
MAR-98 1.5 6.8 - 7.2 525 429 - 477
APR-98 7.1 7.3 - 7.2 464 448 - 456
MAY-98 8.1 - 1.5 7.8 490 - 554 522
JUN-98 6.7 7.3 6.9 7.0 399 412 413 408
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Table I111.1 (continued)

MONTH 534S (%) IS (ppm)
Site A/17 Site B/17 SiteC/17 Average Site A/17 Site B/17 SiteC/17 Average

JUN-97 12.0 12.0 12.0 12.0 494 494 494 494
JUL-97 11.6 11.7 11.0 114 737 853 897 829
AUG-97 11.7 11.1 11.5 114 877 853 827 852
SEP-97 i1.3 11.2 10.1 10.9 850 811 820 827
OCT-97 - - - - - - - -
NOV-97 - 10.8 10.2 10.5 828 893 767 829
DEC-97 - - - - - - - -
JAN-98 9.0 9.1 8.5 8.9 944 928 945 939
FEB-98 - - - - - - - -
MAR-98 - - - - - - - -
APR-98 - - - - - - - -
MAY-98 94 - - 9.4 844 - - 844
JUN-98 - - - - - - - -
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Table IV.1 &S and [S] results for Experiment I1.

WEEK 3™'S (%e) {S] (ppm)
Site A/15 Site B/15 Average Site A/15 Site B/15 Average
0 14.6 14.6 14.6 246 246 246
l 12.8 12.1 12.5 324 253 289
2 14.6 12.0 13.3 236 282 259
3 11.6 12.7 12.2 259 266 263
4 13.9 13.1 13.5 246 225 235
5 13.3 13.4 13.4 292 261 277
6 12.2 12.7 12.5 294 296 295
7 124 13.0 12.7 293 291 292
8 12.1 117 11.9 299 325 312
9 11.3 12.8 12.1 227 255 241
10 12.0 12.5 12.3 3ol 298 300
il 139 12.0 13.0 261 316 288
12 12.1 13.7 12.9 326 339 332
Site A/X Site B/X Average Site A/X Site B/X Average

0 7.8 7.8 7.8 387 387 387
| 7.3 9.1 8.2 429 293 361
2 7.1 9.1 8.1 366 331 349
3 6.8 8.9 7.9 417 357 387
4 9.9 9.9 9.9 311 345 328
5 8.9 8.8 8.9 324 341 332
6 9.2 9.2 9.2 389 387 388
7 8.9 9.5 9.2 347 346 347
8 8.0 9.8 8.9 352 324 338
9 8.0 9.0 8.5 387 36l 374
10 9.2 8.8 9.0 379 284 332
i1 8.9 104 9.7 382 316 349
12 9.1 9.7 9.4 370 383 376
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Table IV.1 (continued)

WEEK 84S (%) IS (ppm)
Site A/17 Site B/17 Average Site A/17 Site B/17 Average

0 12.6 12.6 12.6 776 776 176
1 124 124 124 718 663 691
2 11.7 12.6 12.2 650 702 676
3 13.0 12.7 12.9 732 741 737
4 12.8 13.6 13.2 659 177 718
5 12.8 12.9 12.9 646 689 667
6 - - - - - -

7 12.0 11.6 11.8 694 709 702
8 - - - - - -

9 - - - - - -

10 11.9 12.5 12.2 715 - 715
11 11.9 - 11.9 651 - 651
12 12.7 - 12.7 724 - 724
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Table V.1 Meteorological data.

BOTANICAL GARDEN ST. JOHN’S AIRPORT
Date Time Temp. Relative Wind Speed Wind Speed Temp. Relative Wind Wind
°C) Humidity (Parking Lot) (Site) (*0) Humidity Speed Direction
(%) (m/s) (m/s) (%) (m/s) (m/s)
02/11/98 10:30am 12.0 100 0.0 0.0 12.0 100 2.5 WSW
02/11/98 3:30pm 10.0 100 0.0 0.0 10.0 93 3.1 w
03/11/98 9:30am 6.5 100 3.0 0.0 6.0 93 5.0 E
03/11/98 1:30pm 7.1 100 2.0 0.0 6.0 100 1.8 E
03/11/98 4:30pm 7.2 100 1.0 0.0 7.0 93 5.0 ESE
04/11/98 9:30am 6.5 92 1.0 0.0 8.0 81 6.1 Sw
04/11/98 1:30pm 78 88 0.0 0.0 8.0 71 5.0 WSw
04/11/98 4:30pm 7.3 91 0.0 0.0 6.0 75 3.1 Sw
05/11/98 9:30am 6.2 100 0.0 0.0 6.0 93 4.2 SSwW
05/11/98 12;30pm 17 82 0.0 0.0 8.0 7 5.0 w
05/11/98 4:30pm 6.0 89 0.0 0.0 6.0 70 7.8 w
06/11/98 10:30am 53 94 0.0 0.0 5.0 81 7.8 WNW
09/11/98 9:30am 1.7 91 0.0 0.0 2.0 64 4.2 wsw
09/11/98 12:30pm 35 77 0.0 0.0 4.0 56 5.6 WSwW
09/11/98 3:30pm 3.0 85 0.0 0.0 3.0 60 47 w
10/11/98 9:30pm 1.9 94 0.0 0.0 20 69 3.1 WNW
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Table V.1 (continued)

BOTANICAL GARDEN ST. JOHN’S AIRPORT
Date Time Temp. Relative Wind Speed Wind Speed Temp. Relative Wind Speed Wind
0 Humidity (Parking Lot) (Site) “C) Humidity (m/s) Direction
(%) (m/s) (m/s) (%) (m/s)
1011/98 1:30pm 2.6 85 0.0 0.0 2.0 69 4.7 NW
10/11/98 3:30pm 2.1 83 0.0 0.0 1.0 69 3.1 N
16/11/98 1:30pm 2.5 90 30 1.5 20 69 13.3 WSw
16/11/98 4:30pm 04 100 2.0 1.0 0.0 69 10.3 wsw
17/11/98 11:30am 4.1 80 1.5 1.5 4.0 65 12.2 W
17/11/98 3:30pm 39 79 1.0 1.0 30 70 8.3 w
18/11/98 8:30am -0.2 100 0.0 0.0 -2.0 93 L9 w
18/11/98 12:30pm 2.1 98 1.0 0.0 1.0 86 5.0 NNE
18/11/98 3:30pm 1.7 97 0.0 0.0 1.0 80 5.0 NNE
19/11/98 9:30am 0.0 - 2.0 0.0 -1.0 74 114 NW
19/11/98 12:30pm 0.1 - 1.5 0.0 0.0 69 10.3 WNW
20/11/98 10:30am -2.3 - 0.0 0.0 -2.0 69 5.6 WNW
20/11/98 12:30pm -0.6 - 0.0 0.0 -2.0 69 4.7 W
22/11/98 10:30am 2.1 98 1.0 0.0 20 87 5.0 NW
23/11/98 9:30am 2.7 91 20 §.5 3.0 75 8.6 WsSwW
23/11/98 11:30am 3.7 83 1.5 1.0 3.0 75 9.2 SSw
23/11/98 2:30pm 4.2 80 1.0 1.0 4.0 75 8.6 SwW
23/11/98 3:30pm 4.2 83 0.0 0.0 4.0 75 6.7 SwW
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