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A pollution survey was done in Stellenbosch, along two
transects. One was south-east and the other north-east of the
Corrobrick brickfield - the focal point of this study. Pine and
Oak trees, Chasmanthe leaves and lichens were used as
bio~-indicators for this survey.

The levels of fluoride and sulphur decreased with distance from
the main pollution source. Exceptionally high levels were
recorded in the Pine and Oak trees within 1.5 km from the
brickworks.

The availability of calcium and magnesium in the leaves of Pine
and Oak trees appeared to be negatively affected due to their
binding with F~ to formm insoluble compounds. The brickfield
proved to be a major source of especially copper and iron, as
their levels in the bark material decreased with increasing
distance. lead levels were found to be correlated with
vehicular traffic in the area. Their was scme evidence that the
iron 1levels were also linked to the lead concentrations in the
bark.

Tip and marginal die-back of Chasmanthe leaves were directly
linked to the fluoride concentrations of the leaves.

The chlorophyll degradation ratios of the lichens confirmed that
the pollution effect was greatest near the brickfield. The

distribution of lichens was closely linked with fluoride and
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sulphur dioxide pollution.

'n Besoedelingsopname is in Stellenbosch langs twee transekte
gedoen, met Corrobrick-baksteenaanleg as die fokuspunt. Die een
transek was suidoos en die ander een noordoos vanaf die punt.
Demne- en Eikebome, Chasmanthe blare en ligene is as
monitor-plante in die opname gebruik.

Besondere hoé waardes van fluoried en sulfaat is in beide die
demne en eikebcame, binne 1.5 km vanaf die baksteen-aanleg,
aangeteken. Dit het hierna afgemneem met toenemende afstand
vanaf Corrobrick.

Die beskikbaarheid van kalsium en magnesium blyk negatief
beinvlced te word deur hul moontlike verbinding met fluoried, om
onoplosbare komplekse te vomm. Die konsentrasie van koper en
yster in die materiaal het afgeneem met toenemende afstand vanaf
die aanleg. Die lood konsentrasie in die plantmateriaal blyk
gekoppel te wees aan motor vervoer in die gebied. Die resultate
toon aan dat daar ‘n verband is tussen die yster en lood
konsentrasies van die bas van die bame. Die punt- en

die fluoried konsentrasies van die blare.
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Die chlorofil-afbrekingsverhouding in die ligene het bevestig
dat die besocedeling die ergste was in die ormiddelike amgewing
van die baksteen-aanleg. Daar was ’‘n goeie verband tussen die
ligeen-verspreiding en die sulfaat- en fluoriedbescedeling.

Keywords: Pollution, Oak and Pine trees, Fluoride, Sulphur

Aiccride
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1.1 INTRODUCTION

Air pollution is probably more frightening than water pollution
as far as its direct effects on the luman body are concerned
because we are forced to breathe the polluted air of our cities,
while we can usually avoid contact with polluted rivers or

streams (Meiring-Naude, 1972).

In a Government report, Air Pollution was defined as follows:
Air pollution by the commmity is the presence in the opemn air
of substances placed there through human agency in
concentrations sufficient to interfere directly or indirectly
with the convenience, safety or health of members of the
camunity or the full use or enjoyment of their property (Anon,
1971). It is especially during the past few decades that people
have become more and more aware of the effect that

industrialization has had, not only on their health, but also on

their surroundings.

Envirommental pollution is usually determined by means of
physio-chemical methods, recording concentrations of toxic
elements and their campounds in the air. The alternative, is to
make use of biological methods, with the help of bio-indicators

(Grodzinska, 1982).
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A mmber of Eurcpean Countries have gone so far as to establish
an extensive biological monitoring system to monitor or detect
industrial pollutants, for example, metals, fluoride, sulphur

dioxide and nitrous oxides (Saunders, 1985).

Using plants has the advantage that they record the cumulative
toxic effect of pollution (Reusmann, 1982; Grodzinska, 1982), by
characteristic response symptoms. The effects of 80, on plant
productivity, and also possibly on humans, may occur on
time-scales of months or years and the resultant damage is thus
due to the accumlation of 80, or its derivates auring scme
period of time (Garsed, 1985). This is not reflected when using
equipment to take air samples. As opposed to using
physio-chemical methods to detemmine toxic compounds in the air,
which are relatively expensive because expensive instrumentation
is required, biomonitoring is relatively simple, quick and
inexpensive (Grodzinska, 1982).

Of all the pollutants, the effect of O,, 80, and fluoride on
vegetation, alone or in combination, is probably attracting the
most attention (McLaughlin and Barnes, 1975; Maclean et al.,
i982; Mandl et al., 1975; Katainen et al., 1987; Reich et al.,

1986) . The cuticle is believed to be an almost impermeable
barrier to water vapour, carbon dioxide and gaseous air

pollutants, except hydrogen fluoride (Carlson, 1985).



1.2 Sulphur Dioxide

Treshow  (1970) states that |historically, smelters have
contributed the greatest amounts of sulphur oxides to the
atmosphere. He also refers to work done in 1960, where it was
stated that coal burning was recognized as a major contributor
to air pollution, hundreds of years before the Industrial
Revolution. It presently (1960) accounted for scme 60 % of the

sulphr dioxide pollution.

Biscoe et al. (1973) found that at low 80, concentrations, the
stomata tend to stay open. Under the influence of relatively
high 80, concentrations, the photosynthetic rate was found to
have decreased dramatically (Katainen et al., 1987; Soikkeli and
Karenlampi, 1984). This would thus influence the growth of the

plant negatively.

Numerous authors (Grodzinska, 1982; Johnsen and Sochting, 1973;
Staxing, 1969) reported that a significant correlation between
the level of 80, in the air and the pH of tree bark existed.
An increase in the 80, concentration of the atmosphere led to
a decrease in pH. Because the tree bark remains in an
enviromment for many years, it records fairly precisely
atmospheric changes occuring in this enviromment and it thus can
be an exceptionally sensitive indicator of the environmental
acidity. The scarcity of lichens in polluted areas is a well
documented phenomenon. Many investigations have shown that
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80, is responsible for the disappearance of lichens in and
around urban and industrial complexes (Tiirk, 1982). A wide
range of <chlorotic and necrotic markings are formed by
dicotyledonous plants due to sulphur dioxide accumulation.
Acute injury leads to the death of cells, and the area then
appears to be water-soaked, dull and grey-green (Halbwachs,

1984). The most pronounced symptams of sulphur dioxide injury
on needle-leaved evergreens, are the reddish-brown discoloration

of leaves, shrinkage of tissues, and early defoliation. Toxic
concentrations of sulphur dioxide during sumer, can lead to
necrosis which may appear as tip burn, banding, or basal burn.
Injury responses of monocotyledonous plants to sulphur dicxide
first appears as a diffuse grey-green discoloration of the
leaf-tip. Tip and marginal necrosis is often acconpanied by
spotted, interveinal flecks or lesions between the midrib and

the margins (Treshow, 1970).

As far as the effect of the pollutant on human beings is
concerned, Ottaway (1980) reported that S0, and its derivates
attack sensitive cell layers exposed to air, for example, the
conjunctiva of the eye, and more especially the epithelium

lining the alveoli of the lungs.



1.3 Fluoride

Heavy contamination with fluorine can occur in the area
immediately surrounding an industrial plant, and that is
especially true close to brickfield, aluminium smelters, scme
pottery factories, phosphate factories and glass and steel

industries (Allen, 1974; Gilbert, 1973).

Zimmerman and Hitchcock (1956) showed that the tips of Gladiolus
leaves may contain 25 to 100 times as much fluoride as the basal
section. Cats, onions, pine needles and rushes show the same
tendency; margins of fruit tree leaves may contain 2 to 3 times
as mxch fluoride as the basal half, and the margins 2 to 3 times
more than the center. It was shown that there was a correlation
between the amount of tip and marginal die-back and the
concentration of especially fluoride present in the tissue
(Compton and Remmert, 1960; Brewer et al., 1957; Coulter et al.,
1985). Chang and Thompson (1966) reported that up to 60 % of
the fluoride accumulated by naval orange leaves was concentrated

in the chloroplasts.

Toxic concentrations of fluorides in the leaves of broad-leaved
species can cause characteristic injury symptoms consisting of
necrosis, chlorosis, or both. The symptoms are very prominent
at the leaf tip and margin. A water-soaked, dull, gray-green
discoloration of the tissue is the earliest sign of injury in

some sensitive species. A sharply defined narrow, oftemn
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reddish-brown band seperated the necrotic tissue from the
adjacent healthy tissue. Symptoms of fluoride toxicity on
monocotyledonous plants are essentially similar to those on
broad-leaved species (S8oikkeli and Karenlampi, 1984). Chlorotic
spots also develop predominantly along the margins of certain
plants, eg. corn and sorgmm. Fluoride toxicity symptoms on
needles of conifers consist of necrosis beginning at the tip of
the current year’s needles, and progressing toward the base.
The needles are most sensitive when they are elongating and
emerging in spring (Treshow, 1970). Taylor and Basabe (1984)
reported a reduction in growth in Douglas Fir, due to the
influence of relatively high fluoride levels. Although not as
omassoz,!"wasalsoshowntobedetrimentaltothe
continued existance of lichens in a particular area (Anderson
and Treshow, 1984).

Mejstrik (1985) states that it is well-known that fluor
(fluoride campounds) affects the activity of enzymes that are of
utmost importance in the process of assimilation and
respiration, and in the synthesis of carbohydrates, proteins,

mcleotides and mucleic acids.
1.4 Sulplur Dioxide and ¥luoride
Biscoe et al.(1973) found that at low 80, concentrations, the

stomata tend to stay open. Mejstrik (1985) and others reported
that F~ enters the leaves mainly through the stomata.
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It is then logical why the combination of these two pollutants
results in more lesions than when they are applied seperately
(Mandl et al., 1975).

1.5 Ozone

Significant quantities of ozone present in our immediate
envirooment are formed chemically by the action of ultraviolet
light on nitrogem diocxide. Ozone formation is greatest in
urban enviromments, where the necessary chemicals for the
reactions are found. A multitude of cambustion processes and
sources, especially the inefficient internal cambustion engines
of automobiles, daily emit tons of waste hydrocarbons as well as
nitrogen oxides into the atmosphere which can be chemically
converted to ozone (Treshow, 1970).

Ozone enters the plant through the open stomata of the leaves
(Treshow, 1970; Taylor, 1984). Moist surfaces in the mesophyll
tissus provide the medium in which gaseous ozone can dissolve
(Malhorta and Khan, 1984). The effects ozone may have on
photosynthesis, respiration, and other metabolic processes, are
intimately entwined with the initial effects of ozone on the
stamatal mechanism and the pemetration of ozone into the plant.
Any impairment of stomatal opening 1limits gas exchange and
directly affects any subsequent metabolic processes which
depends on the availability of carbon dioxide or oxygen

(Treshow, 1970). Work surveyed by Malhorta and Khan (1984),
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showed that: ozone can cause either an increase or a decrease
in amino acid content of plants; an increase or decrease in the
level of soluble sugars and carbohydrates in the leaves of
exposed plants, and activation of the enzymes involved in phenol
metabolism, eg. polyphemol oxidase and peroxidase, which would
stimilate oxidation of phenols to quinones and cause
accumlation of their polymerization products. These products
could be responsible for the necrotic appearance of injured

leaves.
1.6 Iead

It was found that exhaust fumes, from autamobiles, is the major
source of atmospheric lead pollution (Harrison and Laxen, 1981;
Grobler et al., 1986; Ormrod, 1984).

The accumlation of lead and its effect on humans has been
studied quite extensively. According to Grobler et al. (1986),
the storage of lead is cumlative. They also found that blood
lead levels were related to vehicular traffic. The best
documented effect of lead on blood is its interference with the
biosynthesis of haem, which is essential for the production of
haemoglobin (the red oxygen—-containing pigment in red blood
cells) (Harrison and Laxen, 1981). Grobler et al. (1985) found
that circumpulpal dentine can concentrate up to 5 times more
lead than the total dentine. The most profound effects of lead
poisoning are undoubtedly those associated with severe damage to
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the central nervous system. At high levels of exposure to lead,
neural (brain) damage may result in stupor, convulsions and / or
coma and may progress to death (Harrison and Laxen, 1981).

1.7 work done and location of study area

A Dbiological pollution survey was done along a NE and SE
transect (Fig. 1.1) from a brickfield in stellenbosch near Cape
Town, South Africa. The brickfield was considered to be the

focal point in this study.

Bark and leaves of Quercus and Pinus species, as well as
Chasmanthe leaves and lichens were used to determine the level
of pollution in the area. The decrease or increase of F- and
sulphate and / or sulphur in the material with increasing
distance from the pollution source, where applicable, were also
studied. The possible effect of the pollutants on calcium,
magnesiun, sodium, potassium, irom, oopper and zinc
concentrations was examined. The effect of motor-vehicle
exhaust fumes on the lead concentration in the plant samples was
investigated. Pollutant effects on the chloroplast pigments
were studied. The presence and abundance of lichens along the
south east transect was investigated to see if there was any
correlation between lichen abundance and pollution. Chlorophyll

degradation , as related to pollution will be discussed.
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The topography of the area aggravates the effect of the
pollutants, because Stellembosch is in a valley surrounded by
three mountainous regions, which cause the emissions to remain

in the basin in the absence of air movement.

One of the main reasons for doing this study, was to see if the
situation in s8tellenbosch had worsened since a previous study
(1978 -Raitt, pers.com) was done. If it has, then the
pollutants being set free into the atmosphere, could pose a
health hazard in the surrounding populated area.



1.8 REFERENCES

ALLEN, S8.E. 1974. Chemical analysis of Ecological Materials.
Blackwell Scientific Publishers, Oxford, London.

ANON. 1971. Pollution Subsidiary Committee of the Prime
Minister’s Planning Council. Pollution 1971. Dept. of
Planning and the Enviromment. Pretoria.

ANDERSON, F.K. AND TRESHOW, M. 1984. Responses of Lichens to
atmospheric pollution. In: E4. Treshow, M. Air Pollution and

Plant Life. John Wiley and Sons. New York.

BISCOE, P.V., UNSWORTH, M.H. AND PINCKNEY, H.R. 1973. The
effects of low concentrations of 80, on stcmatal behaviour

in Vicia faba. New Phytol. 72: 1299-1306.

R.F., MOOOLIOCH, R.C. AND SUTHERLAND, F.H. 1957.
Fluoride accumilation in foliage and fruit of wine grapes
growing in the vicinity of heavy industry.

2m. Proc. Hor. Sci. 70: 183-188.



-14 -
CARLSON, R.W. 1985. Effect of sulphur dicxide and carbon dioxide
metabolism: Response to 80, in combination with other air
contaminants. In: Sulphur Dioxide and Vegetation:
Physiology, Ecology, and Policy issues. Eds. Winner, W.E.,
Mooney, H.A. and Goldstein, R, A. Stanford University Press,

California.

CHANG, C.W. AND THOMPSON, C.R. 1966. 8ite of fluoride
accumlation in Naval orange leaves.

Plant Physiol. 41: 211-213.

OOMPTON, O0.C. AND REMMERT, L.F. 1960. Effect of airborne
fluoride on injury and fluorine content of Gladiolus leaves.

Mm. Soc. Hor. 8ci. 75: 663-675.

COULTER, C.T., PACK, M.R. AND SULZBACH, C.W. 1985. An evaluation
of the dose-response relationship of fluoride injury to
Gladiolus. Atmospheric Enviromment 19(6): 1001-1007.

GARSED, 8.G. 1985. Sulphur Dioxide Uptake. In: Sulphur Dicxide
and Vegetation: Physiology, Ecology, and Policy issues. Eds.
winner, W.E., Mooney, H.A. and Goldstein, R, A. Stanford
University Press, California.



-15 =
GILBERT, O.L. 1973. The effect of airborne fluorides. In: Air
Pollution and Lichens, Eds. Ferry, B.W., Baddeley, M.S. and
Hawksworth, D.L. The Athlone Press of the University of

London.

GROBLER, 8.R., ROSSOUW, R.J. AND MARESKY, L.S. 1985. Blood lead
levels in a remote, unpolluted rural area in south Africa.

SOA&-M,J. 68: 323-32‘ .

GROBLER, 8.R., MARESKY, L.S. AND ROSSOUW R.J. 1986. Blood lead
levels of South African long-distance road runners.
Archives of Envirommental Health 41(3): 155-158.

GRODZINSKA, K. 1982, Monitoring of air pollutants by mosses and
tree bark. In: Monitoring of Air Pollutants by Plants:
Methods and Problems. Eds. Steubing, L. and Jager, H.J.

Dr. W. Junk Publishers. ILondon.

HALBWACHS, G. 1984. Organismal responses of higher plants to
atmospheric pollutants: Sulphur dioxide and fluoride. In:
Ed. Treshow, M. Air Pollution and Plant Life. John Wiley and

Sons. New York.

HARRISON, R.M. AND IAXEN, D.P.H. 1981. Lead pollution: Causes

and control. Chapman and Hall Ltd. London



- u -
JOHNSEN, IB. AND SOCHTING, U. 1973. Influence of air pollution

on the epiphytic lichen vegetation and bark properties of
deciducus trees in the Copenhagen area. Oikos 24: 344-351.

KATAINEN, H-S8., MAKINEN, E., JOKINEN, J., KARJALAINEN, R. AND
KELIOMAKI, S. 1987. Effects of sulphur dioxide on
photosynthetic and respiration rates in 8cotts pine
seedlings. Environ.Pollut. 46(4): 241-252.

MACLEAN, D.C., SCHNEIDER, R.E. AND WEINSTEIN, L.H. 1982.
Fluworide induced foliar injury in Solamum pseudo-capsicum:
Its induction in the dark and activation in the light.

Environ.Pollut. (S8er. A) 29: 27-33.

MANDL, R.H., WEINSTEIN, L.H. AND KEVENEY, M. 1975. Effects of
hydrogen fluoride and sulphur dioxide alone and in
cambination on several species of plants.

Environ.Pollut. 9: 133-143.

MALHORTA, 8.8 AND KHAN, A.A. 1984. Biochemical and physiological
impact of major pollutants. In: Air Pollution and Plant

Life. Ed. Treshow, M. John Wiley and Sons Ltd. New York.

McLAUGHLIN, S.B. AND BARNES, R.L. 1975. Effects of fluoride on
photosynthesis and respiration of scme scuth-east American

trees. Environ.Pollut. 8: 91-96.



-17 =
MEIRING-NAUDE, 8. 1972. Man and his envirommemt. In: Habitat

RSA. National Veld Trust. WD and F Pramotions Ltd.

Johannesburg.

MEJSTRIK, V. 1985. Direct effect on plants - Fluorides. In: Air

Pollution and Plants. Ed. Troyanowski, C. WH
Verlagsgeselschaft. Germany.

ORMROD, D.P. 1984. Impact of trace element pollution on plants.
In: Air Pollution and Plant Life. Ed. Treshow, M. John Wiley

and Sons Ltd. New York.

OTTAWAY, J.H. 1980. The biochemistry of pollution. Edward

Arnold. London.

REICH, P.B., SCHOETTLE, A.W. AND AMUNDSON, R.G. 1986. Effects of
0, and acidic rain on photosynthesis and growth in sugar
maple and Northern Red Oak seedlings.

mow‘m. (m.n’ 40: 1-15.

REUSMANN, G. 1982. Chemical analysis of air pollutants in
plants. In: Monitoring of Air Pollutants by Plants: Methods
and Problems. Eds. S8teubing, L. and Jiger, H.J. Dr. W. Junk

Publishers. London.



P.J.W. 1985. Regulations and research on 80, and its
effects on plants in the eurcpean cammmities. In: Sulphur
Dioxide and Vegetation: Physiology, Ecology, and Policy
issues. Eds. Winner, W.E., Mooney, H.A. and Goldstein, R, A.
Stanford University Press, California.

SOIKKELI, 8. AND KARENLAMPI, L. 1984. Cellular and
ultrastructure effects. In: Ed. Treshow, M. Air Pollution

and Plant Life. John Wiley and Sons. New York.

STAXANG, B. 1969. Acidification of bark of same deciducus trees.

Ooikos 20: 224-230.

TAYIOR, O.C. 1984. Organismal responses of higher plants to
atmospheric pollutants: Photochemical and other. 1In: Air
Pollution and Plant Life. Ed. Treshow, M. John Wiley and

Sons Ltd. New York.

TAYIOR, R.J. AND BASABE, F.A. 1984. Patterns of fluoride
accumilation and growth reduction exhibited by Douglas Fir
in the vicinity of an aluminium reduction plant.

Environ. Pollut. (Ser.A) 33: 221-235.

TRESHOW, M. 1970. Enviromment and plant response. McGraw-Hill
Book Company. London.



-19 -

TGRK, R. 1982. Monitoring air pollutants by lichen mapping. In:
Monitoring of Air ©Pollutants by Plants: Methods and
Problems. EAds. Steubing, L. and Jiger, H.J. Dr. W. Junk

Publishers. London.

ZIMMERMAN, P.W. AND HITCHOOCK, A.E. 1956. Busceptibility of
plants to hydrofluoric acid and sulfur dioxide gasses.

Contrib. Boyce Thampeon Inst. 18(6): 263-279.



- 20 -

speoy SS200Y UTEW

L

sur1 KemiTey m\

TN v

SAN-TEN =

93 -T3d& e

S3LIS ONI'IdRVS

eoTe [eTIUSpISSY pue |iiillll:
IOTIISTQ SSaUTSNG TeIIUSD |i10iiii:

Tpueueiey

Kat1easepr

BTTTAS3IS01)

STV TNITRXIISId

a1y tetx3Isnpul Bniquasuerd

SHIMPTIE M«W

Jeogosueiy
<

sradery

(6461 ‘yosoquaT(a3s QUBTEE
dewr TeoTydexbodor 00005:T SU3 Jo wesbretud X6°0)

EDSOANITTALS NI SILIS ONIIAWVS HL 30 NOLIWDOT 3HL T1°1°9Id



-21 -




2.1 m......‘................l.....'................23

2.2 MATERIALS AND METHODB¢ccscscossscoscscosscsossscsosscsccccsscd
2.2.1 Determination of bark pHeccccccccccccccccsccssce25
2,2.2 Elemental AnalysiS..cccccccceccscsscscsccccscsc25
2.2.2.1 FIUOrid®..ccccocccncsscccsssscosccasses25
2.2.2.2 Sulphate and SUlPMUTr...cccececcsccccscs26
2.2.2.3 Calcium, Magnesium, Sodium, Potassium,
Iron, Copper, Zinc and Lead....ccceeeee27
2.2.3 Chlorophyll extractioN.c.ccccccccsccsccccccesse2?

2.3 RESULTS AND DISCUSSION. .scecocesscssscncsccnscssccsscassse2B
2.3.1 pH Of the 08K BaArK..ccceccscssccccsccscscacssss2B

2.3.2 Elemental ADAlYSiS...eccceccsccscascsscscnceses2d

2.3.2.1 FIUOTid@.ceecerecrocrsccssascascasocsss2d

2.3.2.2 Sulphate and SUIPHUT. ..ccceeeeececsscss3l

2.3.2.3 Nutrient status of the trees...........32

2.3.3 Light absorbance by the chlorcphyll pigments...39

2.‘ mIm.........................................'......‘1

2.5 .................I..............l...............‘3



2.1 INTRODUCTION

Characterization of envirommental pollution with the aid of
bio-indicators can be simple, quick and cheap. A big advantage
is that the organisms themselves record the cumilative toxic
effect of pollution (Grodzinska, 1982), instead of performing
point measurements wusing machines. A mmber of European
Countries use quite extensive biological monitoring systems to
detect industrial pollution, eg. metals, fluoride, sulphur
dioxide and nitrous oxides. Gemmany for instance uses a wide
variety of indicator plants (Saunders, 1985). Various authors
have found that trees can be used as biological indicators in

pollution surveys (Kovacs, et al., 1982).

It is wusually reported that pollutants decrease with distance
fram the source of pollution. This study was done to detemmine

if this is also the case in Stellemnbosch.

Sources of pollution in this area include a mmber of wineries,
the Planckenbrug Industrial area and the brickfield. The
brickfield was considered to be the focal point of air
pollutant emission in the area. Campared to the other
industries in the area, the brickfield released large quantities



of visual smoke.

2.2 MATERTAIS AND METHODS

The six sampling sites were located at approximately 500 m
intervals, on a South-Basterly (SE) transect from the brickfield
(Fig.1.1). Each sampling site was a mature ocak tree. Samples
were collected at monthly intervals, at the same time of the day
ensuring that the leaves internal metabolism would be at the

same phase (Mansfield and Snaith, 1984).

Bark and leaf material of Quercus species , was collected, put
into brown paper bags, and dried at 65°C for elemental
analysis. Fresh leaves were also stored in plastic bags, at
-12°C, for chlorophyll extraction.

The dried bark was ground with the aid of a Retsch Ball Mill,
vhile the dried leaf material was ground with a Wiley
Intermediate Mill to pass through a No.40 mesh sieve, and then
stored in screw-top containers.

student t-tests were used to check for significant differences,

in the data obtained.
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2.2.1 Determination of bark pH
To determine the pH of the bark, 5 g of ground bark was
added to 25 om® of distilled deionised water, and
contimwusly stirred for approximately 2 hours. The pH
values were determined by means of a Combination pH
Electrode and a Radiometer Ion 85 Analyzer.

2.2.2 Elemental Analysis
2.2.2.1 Fluwride

After reviewing various methods for the analysis of fluoride
in plant material (Anon, 1980, Cocke et al., 1976), it was
decided to use the selective ion electrode method (B) as
described by Anon (1980). For the extraction of F,
0.25 g of the material was weighed into 100 cm3
wide-mouthed plastic containers. To this 20 cm’® 0.05 N
nm3maddedandthecontaimrp1acedmamagnetic
stirrer and stirred for 20 mimutes using a Teflon-coated
stirring bar. After this period, 20 cm® 0.1 N KOH was
added and the solution further agitated for an additional 20
mimites. To this, 5.0 cm® sodium citrate solution,
containing 1 mg.an™> F (adjusted pH to 5.5) and 5.0
an® 0.2 N HNO;, was added. A Radiometer Ion 85 Ion
Analyzer with a Combination Fluoride Electrode was used for

the detemination of the fluoride concentration.



2.2.2.2 Sulphate and Sulphur

The ground plant samples were dried at 70°C for 2 hours for
the detemmination of sulphate by means of a Dionex 4000i
HPIC. The elution buffer was a mixture of 0.0018 M
Na,CO; and 0.0017 M NaH®O;. The 0.1000 g of sample
was boiled for 5 mimites, filtered through Whatman No.52
filter paper and made wp to 100 com> with deionised
distiiled water. The HPIC was calibrated using a sulphate
anion standard of 1.50 ppm and the calculation

% Anion = mg.dm >x 100

10 x 1000 X mass

was used to determine the percentage of water soluble anions
present in the plant samples. For the sulphur analysis, 1.4
to 4.7 mg of the plant samples fram the screw top bottles,
was dried prior to weighing. A Carlo Erba Elemental
Analyzer, Model 1106, was used for the analysis. The
calibration was performed with a certified Phenanthrene
standard with 0.848 % Sulphur and was checked after every 10
determinations.



2.2.2.3 Calcium, Magnesium, Fotassium, Sodium, Iron, Copper,
Zinc and Lead

Of each sample, 0.5 g was folded in cigarette paper, put
into a digestion tube and 6 ar’ of a HNO, :HC1O, (2:1)
mixture was added. A few glass beads were also added to the
tubes to curb excessive bumping. The digestion process was
considered complete when a colourless solution was obtained.
Distilled deiocnised water was added to the tubes and the
solution allowed to cool down. It was then filtered through
Schleicher and 8chull #595 filter paper, and made up to
volune in 100 com® volumetric flasks with deicnised
distilled water.

A Pye Unicam SP9 Atomic Absorption Spectrophotometer was
used to detemmine the concentrations of the various major
cations and trace elements present in the plant material, as
described by Allen et al. (1986).

2.2.3 Chlorophyll extraction
The chlorophyll extraction method used in this study is a

modification of the one used by Ronen and Galun (1984) for
the lichen Ramalina duriaei (De Not.) Jatta. Whole oak
leaves, to minimize damage of the chloroplasts, were
inserted into 40 cm® vials, and submerged in 30 cm® of
Dimethyl Sulfoxide(DMSO). The vials were then put into a
water bath at, 65°C, in the dark, for 45 mimutes. The

extract was transfered to 100 an3 volumetric flasks and
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the process repeated twice more and each extract added to
the first. The solutionmthmmadetpbolOOan3with
DMSO0. All extractions were done in triplicate. Five o’
of the extract was diluted with 5 cm® [MSO and this
solution was used in the determination of the absorption of
the chlorcphyll pigments at 435 and 665 nm. All readings
were done against a blank of IMSO, using a Varian Techtron
Model 635 Double Beam Spectrophotometer. DMSO was used to
achieve a uniform method for all chlorophyll extractioms,
including those of lichens.

RESULTS AND DISCUSSION

2.3.1 pH of Oak Bark

The pH of the oak bark (Fig.2.1; Table 2.1) was found to
occur in a narrow band from pH 3.80 to pH 4.90. The pH at
88 1 was highly significantly lower than that at SE 6
(t(24)= 7.52; p< 0.00005). The results cbtained ten years
earlier, by Raitt (personal commmication, Appendix 1), show
pi of the bark to be similar, but slightly higher. The pH
was also in a narrow band and increased with distance from
the brickfield. The distribution of 1lichens correlated
highly significantly with bark pH, although the range was so
narrow (Fig.2.1; Fig.5.6). Puckett et al.(1973) stated that
an indirect effect of 80, in fumigated areas, is the
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gradual reduction in pH of the surface soils and other
substrata on which lichens grow. At the lower pH, dissolved
80, is very toxic, so that lichen propagules would stand
little chance of surviving in the presence of the
pollutant. This could account for the decrease in lichens
around the brickfield (see Chapter 5). There was a highly
significant positive correlation between bark pH and
distance from the brickfield (r(76)= 0.575; p<0.00005; y=
3.99504 + (0.138500)X). Johnsen and S8ochting (1973) found
in their study, that as they moved closer to the city the
bark pH decreased from pH 5 to pH 3 with an increase in
ambient sulphur dioxide levels.

2.3.2 Elemental Analysis

2.3.2.1 Fluoride

Mejstrik (1985) states that it is well-known that fluor
(fluoride ocompounds) affects the activity of enzymes which
are of utmost importance in processes of assimilation and
respiration, in the synthesis of carbohydrates, proteins,
micleotides and mucleic acids.

A highly significant lower F~ concentration was presemt in
the bark at site SE 5 than at site SE 1 (Fig.2.2);
t(24)= 8.857 and p< 0.00005. The samples from SE 3, showed

an intermediate F~ concentration as would be expected.
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The F~ probably originated from the Brickfield - there
being no other factories around that use raw materials which
contain F . Figure 2.2 indicates that the F
concentration recorded in the bark at SE 1 was the highest
during the sumer months, September 1988 to about March
1989. The drop in F~ level for October and November 1988
could probably be linked to a major drop in the production
activity, and hence air pollution (Davies, 1986).

A similar pattern of F~ distribution could be expected for
the leaves, but probably at a much lower concentration,
because the leaves are on the trees for a shorter period of
time than the bark. Appendix 2 indicates that the highest
F~ ooncentration was found within the first kilometer
from the brickfield in 1978 (Raitt, pers. cam.). This
indicated that the brickfield was certainly the main source
of F pollution. Numercus authors, including Maclean et
al.(1982) and McLaughlin et al.(1975), performed HF
funiqation experiments on the leaves of various species.
Their experiments were performed over relative short periods
of time to see the effect of F on the photosynthetic
apparatus of the plant. This project however was aimed at
the cumlative effect of HF on the vegetation. Because the
leaves are only on the trees for a limited time, they could

not give the cumilative results over a year, as bark may.



2.3.2.2 Sulphate and Sulphur

According to Marschner (1986), the sulphur requirement for
optimal growth, is between 0.2 and 0.5 % of the dry weight

of plants, but according to Larcher (1980) the requirement
is 0.05 to 0.8%. He also states that the sulphate content
of plants is a more sensitive indicator of the S-mutritional
status than the total S-content. The best indicator being
the proportion of sulphate sulphur to total 8-content.
Figure 2.3(a) indicates a difference between the sulphate
concentration obtained at the various sites. Suprisingly
the samples collected at SE 3, had the highest sulphate
concentration, followed by those of SE 1 which was still
significantly higher than SE 5 (t(24)= 2,558; p= 0.0242).
The results of Fig.2.3(b) reflect what was expected in
Fig.2.3(a) as the bark at SE 1 had the highest percentage of
sulphur present. The difference between bark 8 contents at
S8 1 and 8B 5 was highly significant (t(23)= 3.976;
pP= 0,0006). In 1978, Raitt (pers. cam.) found that the
sulphate concentration in the bark (Appendix 3) and the
leaves (Appendix 4) were higher within the first kilometer
from the brickfield. This once again indicated that the
brickworks is the main source of 8 in the area, but the
current recorded values are much lower than in 1978,
possibly indicating that a higher grade of coal could have

been used in the drying process.



2.3.2.3 Nutrient status of the trees

2.3.2.3.1 Calcium
Figure 2.4 clearly indicates that the calcium concentration
of the bark at SE 1 is the lowest for the duration of the
project (also see Table 2.2). Linear regression showed that
there was a highly significant positive correlation between
the ca?* concentration of the bark and distance from the
pollution source (r(76)= 0.6856, y= 14.2257 + (5.69617)x;
Pp<0.00005) . This tendency correlates very well with the
increase of pH found in the samples oollected (section
2.3.1) at various distances from the brickfield
(t(5)= 8.22; p= 0.0004). This suggests possible leaching of
ca?t at a 1low pH. A significant positive correlation
between the ca?t 1leaf concentration (Fig.2.5), and
distance from the focal point of this study (r(51)= 0.3225,
Y= 10.7880 + (1.62259)x and p= 0.0185), was cbserved. The
ca’t concentration in the bark is nearly double that in
the leaves for SE 1. S8ince Ca is relatively immcbile in the
phloem (Raven, 1977 and Clarkson and Hanson, 1980), it can
thus continue to accumilate in the leaves in the fomm of
precipitates and crystals. The crystals increase in size
and mmber as the leaves mature and are prominent in many
deciduous plants just prior to leaf fall (Baker, 1983).
This could explain the marked increase in the ca?!

concentration of the leaves towards the end of the growing
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season (May). Allen (1974) .states that ca?t in plants is
essential for apical and root development and accumlates in
cell walls as calcium pectate. Ca?' reaches the leaves
via the transpiration stream and is not relocated as it is a
relatively immobile element. Kubowicz et al. (1982) found
that ca?t transport activity rises in the region of cell
expansion and, subsequently, declines as the tissue matures.
Calciun has a 1limited role as an enzymatic co-factor
(Clarkson and Hanson, 1980), but according to Hanson (1983),
there is suggestive evidence that ca?t has regulatory
roles in growth, development and adaptation to envirommetal
perturbations. The immediate effect of fluorine on the
metabolism of the plant is caused by the precipitation of
ca?t in the fom of CaF,, which is insoluble and can
result in a ca?t deficiency (Mejstrik, 1985). He also
states that if the ca®'’ precipitates, the magnesium
present in the chlorophyll molecule might be similarly
affected.

2.3.2.3.2 Magnesium
No pattern was found to exist in magnesium concentrations of

the bark (Fig.2.6; Table 2.2) over the period of sampling,
or with pollution. Marschner (1986) reported that when the
level of n;” was deficient, or there were excessive
levels of K', the ribosame subunits dissociated and
protein synthesis ceased. Figure 2.7 however, indicates a
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steady increase in the ugz"' concentration of leaves from
when they are formed. Oak trees, being deciduous, loose
their leaves during Autumn/Winter and start forming new ones
with the onset of Spring. The gradual increase could
probably be ascribed to loading via the transpiration
stream. Mg?* is an integral part of the chlorophyll
molecule (Bidwell, 1979).  The importance of Mg2t in the
leaves is also reflected by the higher levels in the leaves
than in the bark (Fig.2.6; 2.7). Marschner (1986) confirmed
the Clarkson and Hanson (1980) statement, that the functions
of Mg?t in plants are related to its mobility. Epstein
(1972) states that Mg?t is an activator of more enzymes
than any other element. Clarkson and Hanson (1980) reported
that dqaendin;ontherelativeabmdanceotl(", x«;z"'
will also contribute to the neutralization of sugar
phosphate, sugar nucleotides, and organic and amino acids.
They also state that Mg?" f£ills the need for a small,
strongly electropositve divalent cation which is readily
mobile with limited geometric distortion whem involved in

ionic hond:l.ng

2.3.2.3.3 Potassium
There is no pattern in the distribution of the concemtration
of K' in the bark amongst the sites, with time or distance
(Fig.2.8; Table 2.2). The Kt concentration of the leaves

(Fig.2.9) is almost three times higher than that of the
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bark. According to Salisbury and Ross (1985) potassium is
an activator of many enzymes that are essential for
photosynthesis and respiration, and that it also activates
enzymes needed to form starch and proteins (Evans and
Sorger, 1966). Epstein (1972) states that K' is the only
monovalent cation essential for all higher plants. The
element is a major contributor to the osmotic potemtial of
cells and therefore to their turgor pressure, especially in
regulating stomatal movement. In addition K* is also used
in pH stabilization (Marschner, 1986). He also reports on
work done in 1968, where it was found that the role of K'
in protein synthesis is reflected in the accumilation of
soluble nitrogen coampounds (eg. 'amino acids, amides and
nitrate) in potassium-deficient plants.

2.3.2.3.4 Sodium
The graphs of Figure 2.10 appear to be divided into two
sections, the latter half of 1988 showing higher Nat
concentrations than the early half of 1989. This difference
was found to be highly significant (t(5)= 7.13; p= 0.0008).
The readings are relatively constant with no major changes
at any of the sites. Figure 2.11 (Oak leaves) however shows
no similar pattern. Sodium could assist (together with
K") in maintaining the solute potential, of the more
stressed leaves, at a certain level so as to ensure maximmm

uptake of CO, for photosynthesis. Comparing the values of
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1 and SE 6 (leaf part of Table 2.2), it was found that 8B
1 had a significantly higher Nat concentration than sE 6
(t(8)= 4.027; p= 0.0038). This is however not the case with
the bark. Epstein (1972) concluded that Nat is not
generally required by green plants, except halophytes and
physiologically similar plants. It was found that Na' can
cause growth stimulation, mainly by its effect on the water
balance of plants and therefore, cell expansion. Nat can
replace K' in its contribution to the solute potential in
the vacuwoles (Marschner, 1986).

Similarities amongst the metal ions

The levels of copper and zinc, are slightly higher in bark
than in leaves (Table 2.2) and in the case of iron, the
values recorded by the bark, exceeded those of the leaves by
far. The iron and copper, but not the 2n concentrations in
the bark, increased over the last three months of sampling
(Fig.2.12 and 2.14), vhile the zinc concentration remained

the same (Fig.2.16).

2.3.2.3.5 Iromn
A lower iron concentration in the bark and leaves was
cbserved in the less polluted areas (Table 2.2). Figure
2.13 indicates a marked increase in the iron concentration
from October 1988 omwards. According to Salisbury and Ross
(1985) iron plays an important role in certain enzymes and
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mmerous proteins that carry electrons during photosynthesis
and respiration. Jaccbson and Oertli (1956) found that
where the supply of iron is varied, there is often a good
correlation between iron oconcentration and éhlorophyll
content. A higher iron concentration in the living leaf
material is thus expected, where active photosynthesis and
respiration occurs. This is however not the case (Fig.2.12)
and alternatively it can be speculated that an external
source is responsible for the higher iron concentration in
or on the bark. Ho and Tai (1988), found elevated levels of
lead, oopper, iromn, zinc, manganese and cadmium in roadside
soil and grass, and this correlated well with the traffic
volune. The leaves (Table 2.2) at SE 2 clearly recorded the
highest 1level of iron; this correlates well with the lead
values (Table 2.2). The iron value for the bark collected
at 2 is also high, but still lower than that of SE 1.
The bark of SE 1 had a highly significantly higher iron
concentration than the bark at SE 6 (t(24)= 3.499;
p= 0.0018) (Table 2.2; Fig.2.12). A highly significant
negative correlation, existed between the iron
concentration of the bark samples and distance from the
pollution source (r(76)= 0.4860; y= 3.27421 - 0.520593)x;

P<0.00005) .



2.3.2.3.6 Copper
The variation in the oopper oconcentration of the leaves

(Fig.2.15) is less erratic than that of the bark (Fig.2.14),
which could be an indication that copper does not play as
important a role in the bark as it does in the leaves. The
high values ocould merely be a reflection of surface
adsorption of the copper being set free in the polluted
area. The bark closest to the polluted zone (SE 1) recorded
a highly significantly higher copper concentration than

that at 6 (t(12)= 3.115; p= 0.0089).

2.3.2.3.7 Zinc

The =zinc concentration for the period September to December
1988 appears to be slightly higher than that for Jamuary to
June 1989. Zinc was present in a higher concentration in
the bark (Fig.2.16) than in the leaves (Fig.2.17) (also see
Table 2.2). The reverse was actually expected, seeing that
in addition to gzinc being either a constituent or an
activator of several enzymes, it also plays an important
role in regulating the level of auxin in the plant (Epstein,
1972). It could thus have an influence on the growth of the
plant. This is reflected in Figure 2.17 (leaves). From
October to December 1988 there is a markedly higher zinc
level in the leaves compared to the period Jamuary to May
1989. This could be due to the active growth of the leaves
to reach their full photosynthetic capability.



2.3.2.3.8 Lead

The oconcentration of lead in the bark (Fig.2.18) and the
leaves (Fig.2.19), is relatively 1low. The lead
concentration of the leaves and bark at SE 2 (Table 2.2) is
highly significantly higher than that at the rest of the
sites. This could be attributed to the fact that the tree
is situated at a four-way-stop where a relatively high
amount of exhaust fumes (containing lead) is released from
the vehicles. Omond (1984) refers to work that was done
previously, where it was found that internal-combustion
engines are one of the main sources of lead pollution. Ho
and Tai (1988) also showed that this correlation existed.
The bark showed a higher level of lead than the leaves,
possibly because it is present on the tree for a longer
period than the leaves. Also more lead will be trapped by
the relative rough textured bark than by the relatively
smooth leaf surfaces (Little and Wiffem, 1977).

2.3.3 Light Absorbance by the Chlorophyl]l Pigments

Absorbance at 435 na and 665 ma

Figure 2.20 indicates that the amount of light absorbed by
the pigments remained relatively constant for the period,
September 1988 to December 1988, after which it decreased.
This decrease was found to be significant (t(3)= 2.499;

p= 0.0878). A possible explanation is that the fluoride did
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not initially exert any marked effect on the Mg?t ions at
S8E 1, but this effect was only expressed after December
(Fig.2.20) . Because Mg?t is an integral part of the
chlorophyll pigment, less pigments will be formed, because
less Mg?t will be available for this purpose compared to
the leaves at SE 6 growing in a relatively pollution free
environment. This means that the chloroplasts remained
active for a much longer time than at SE 1. 80, could
also contribute to the decrease in the photosynthetic
ability of the leaves (Black and Unsworth, 1979; Katainen et

al., 1987).

What is very obvious when comparing Fig.2.20 with 2.21, is
that more absorbance of light toock place at 435mm (shorter
wavelenght) ,than at 665mm. Chang and Thompson (1966) found
that chloroplasts could contain up to 60 % of the fluoride
in the leaves. The decline in the 1light absorbedq,
especially by the leaves at SE 1 and SE 2 (Fig.2.20 & 2.21
from Dec 1988 onward), could be a direct result of the F~

pollution.



2.4 CONCLOSION

The results obtained in this study clearly show that
fluoride, sulphur, lead, iron, oopper and possibly sodium
pollution occurs within the area.

Both F~ and 80, pollution is very evident within the
first 1.5 km from the brickfield, indicating that this is
most probably the main source of these pollutants in the
area. Raitt (personal comment) also found the distribution
of F- and 8 to be as reported in this document.

The pH values increased on moving away from the brickfield,
and this corresponds well with the increase in Ca values
cbtained in this study. Previous authors (Stawing, 1969;
Hartel, 1982) have related an increase of SO, release, to
a decrease in the pH of tree bark. Taking into
consideration that coal is used in the baking process of
bricks, this can be seen as cne of the main sources of 80,
(H,80,), which in turn can lead to a decrease in the pH
of the bark on getting nearer to the source, as was
reported elsewhere in this document. It appears as if only
ca®* ana u;z"' of the major elements, are adversely
affected by especially F , as suggested by Mejstrik
(1985) .
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Of the heavy metals, evidence was found for iron, copper and
lead pollution within the area. The bark, in all cases,
except for Fb, recorded decreasing concentrations of the
elements with increasing distance from the pollution
source. In the <case of iron though, an elevated
concentration was found in the bark collected at S8E 2. This
corresponds well with the elevated level of Pb that was
found in the bark at this site. The evidence suggests that
it was primarily the motor-vehicles that were the main
source of Pb pollution in the area, as suggested by Ho and
Tai (1988).

A more detailed leaf pigment extraction could shed more
light on the degradation, or mnot, of the pigments.
Subcellular fractionation of the leaves (Chang and Thampson,
1966) would also confirm, or reject, whether the
chloroplasts are the main site of F~ accumilation in the

Oak leaves.

Anatomical adaptations against pollutants would probably be
the plant’s first defense mechanism. An anatomical study
would surely reveal if such changes had taken place, even if
the exposure time is relatively short.



Table 2.1: pH of Oak bark at different sites.(n= 13)

SITE pH (x*sd)
SE 1 4.15 * .083
SE 2 4.16 £ .115
SE 3 4.20 * .256
SE 4 4.40 £ .116
SE 5 4.49 + .210
SE 6 4.43 = ,101
CONTROL |4.99 = .124
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FIG. 2.4 ANNUAL VARIATION OF Ca IN Quercus BARK ALONG
A POLLUTION GRADIENT
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FIG. 2.5 ANNUAL VARIATION OF Ca IN Quercus LEAVES
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FIG. 2.6 ANNUAL VARIATION OF Mg IN Quercus BARK ALONG
A POLLUTION GRADIENT
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FIG. 2.8 ANNUAL VARIATION OF K IN Quercus BARK ALONG A
POLLUTION GRADIENT
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FIG. 2.9 ANNUAL VARIATION OF K IN Quercus LEAVES ALONG
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FIG. 2.10 ANNUAL VARIATION OF Na IN Quercus BARK ALONG
A POLLUTION GRADIENT
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FIG. 2.11 ANNUAL VARIATION OF Na IN Quercus LEAVES
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FIG. 2.12 ANNUAL VARIATION OF Fe IN Quercus BARK ALONG
A POLLUTION GRADIENT
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FIG. 2.13 ANNUAL VARIATION OF Fe IN Quercus LEAVES
ALONG A POLLUTION GRADIENT
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FIG. 2.14 ANNUAL VARIATION OF Cu IN Quercus BARK ALONG
A POLLUTION GRADIENT
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FIG. 2.15 ANNUAL VARIATION OF Cu IN Quercus LEAVES
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FIG. 2.17 ANNUAL VARIATION OF Zn IN Quercus LEAVES
ALONG A POLLUTION GRADIENT
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FIG. 2.18 ANNUAL VARIATION OF Pb IN Quercus BARK ALONG
A POLLUTION GRADIENT
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3.1 INTRODUCTION

Biological monitoring of sulphur dioxide, fluoride, nitrogen |
cxide campounds and heavy metal pollution has increased over
the past few decades. Bark and leaf samples of trees are
usually analyzed for the pollutants (Staxdng, 1969;
Reusmann, 1982; Johnson and Sochting, 1973) while the effect
of the pollutants on the photosynthetic capacity of the
leaves has also been studied quite extensively (Soikkeli and
Karenlampi, 1984; Black and Unsworth, 1979; Katainen et al.,
1987) . The advantage of the biological method is that the
organisms themselves record the cumlative toxic effect of
pollution, and it is simple, quick and inexpensive
(Grodzinska, 1982), as opposed to the use of instruments to
record point or interval measurements.

Follution sources in the study area include a mmber of
wineries, the Plankenbrug Industrial area and a brickfield,
wvhich in this study was taken as the focal point of
pollutant emission. The study area in Stellenbosch
caprises a valley surrounded by three mountainous regions
causing the emissions to accumilate in the basin during the
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absence of wind. This phencmenon increases the effect of
pollutants in the valley. The lman population in the worst
polluted area of Stellenbosch, is likely to be more
susceptible to common ailments because of the multiple

sources of pollution in the area.

Trees have been widely used as biological indicators, in
pollution surveys (Kovacs et al., 1982; Staxwing, 1969). In
this paper, distribution and quantities of pollutants
absorbed by pine trees are discussed. The effect of
pollution on the mineral ocoamposition and the chloroplast

pigments of these trees are also considered.

MATERTALS AND METHODS

Five sampling sites on a North-East (NE) transect leading
awvay from the brickworks (Fig.l1l.l) were selected for this
study. Each sampling site was a mature Pine tree, with the
distance between trees being approximately 500m. Each tree
was sampled at monthly intervals, at the same time of day so
as to sample leaves with more or less the same internal

metabolism (Mansfield and Snaith, 1984).

Bark and needles were collected, and dried for at least S5

days in a Memmert oven, at 65°C. Fresh needles were also
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stored in plastic bags, at =12°C, for chlorophyll
extraction. The dried bark was ground with the aid of a
Retsch Ball Mill, while the dried needle material was ground
to pass through a No.40 mesh using a Wiley Intemediate
Mill. Ground material was stored in screw-top containers.

The data for the various elements, at NE 1 and NE 5 were
subjected to t-tests, because they represented the sites
closest to, and the furthest from the brickworks (polluted
and "unpolluted") .

3.2.1 Determination of bark pH
For the pH determination of the bark, 5.0 grams of ground

bark was mixed in 25 cm® of distilled deionised water, and
continiously stirred for approximately 2 hours. A single
determination was done for each sample. The pH values were
determined by means of a Cambination pH Electrode and a
Radiometer Ion 85 Analyzer (Allen, 1974; Allen et al.,

1986) .

3.2.2 Elemental Analysis
3.2.2.1 Fluoride

Various methods (Anon, 1980; Cooke et al., 1976) were
reviewed for Fluoride analysis. The F~ concentration of
the material was detemmined using a Selective Ion Electrode,



-72 -
method (B) as described by Anon (1980). For the extraction
of F°, 0.25 g of the material was weighed into a 100 cm®
wide-mouthed plastic container. To this, 20 cm® 0.05 N
HNO; was added and the ocontainer placed on a magnetic
stirrer and stirred with a Teflon-coated magnetic stirring
bar for 20 mimuites. After this period, 20 cm® 0.1 N KoH
were added and the solution further agitated for an
additional 20 minutes. To this, 5.0 cu® sodium citrate
solution containing 1 mg.dm™3 F~ (adjusted pH to 5.5)
and 5.0 cn® 0.2 N HND, were added. The method was
simple, quick and accurate as data was easily reproduced to
within 5% of the initial detemmination. A Radiometer Ion 85
Analyzer with a Combination Fluoride Electrode was used for

the determination of the F concentration.

3.2.2.2 Sulphate and Sulphur

The plant samples were dried at 70 °C for 2 hours for the
sulphate detemination, and of each sample 0,1000 g was
weighed out accurately and boiled for 5 minutes. The sanple
was then filtered, using no 52 Whatman filter paper and made
uwp to 100 o’ using ultra pure water. The Dionex 4000i
HPIC was calibrated using a sulphate anion standard of 1.50
ng.dm>. The elution liquid used, was a mixture of 0.0018

M Na,CO; and 0.0017 M NaHCO,. The calculation used to
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determmine % anion was as follows:

% Anion = mg.dm™> x 100
10 x 1000 x mass

The instrument was re-calibrated after every 10

determinations.

For the sulphur analysis, the plant samples were weighed
directly from the screw-top containers without further
drying. The sample weights taken for analysis varied between
1.4 and 4.7 mg and a Carlo Erba Elemental Analyzer, Model
1106, was used. The instrument was recalibrated after every
10 analysis, wusing a certified phenanthrene standard

containing 0.848 % sulphur.

3.2.2.3 Calcium, Magnesium, Sodium, Potassium, Copper, Irom,

2inc and Lead

Of each sample, 0.5 g was weighed, enfolded in cigarette
paper and digested in 6 a’ of HNO,:HC1lO, (2:1).
Glass beads were used to curb excessive bumping. The
digestion process was considered complete when a colourless
solution was obtained. Distilled deicnised water was added
to the tubes, and the solution allowed to cool down. It was
then filtered through Schleicher and 8Schull #595 filter
paper, and made up to 100 3. The oconcentration of
calciun, magnesium, sodium, potassium, iron, copper, zinc

and lead was determmined with a Pye Unicam SP9 Atcmic
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Absorption Spectrophotameter (Allen et al., 1986).

3.2.3 Chlorophyll extraction
A modification of the method used by Ronen and Galun (1984)

was used. Needles were cut in half so as to fit into the
vials which were approximately 40 cw’ in size. The needle
tissue was sulmerged in about 30 cm’® of dimethyl sulfoxide
(MSO), and the vials heated in a water bath at 65°C in the
dark for 45 minutes. The extractant was stored in 100 cm®
flasks. The process was then repeated twice and each.
extractant added to the first. The flask content was then
made up to 100 am’. Five cm® from the 100 cm’
extractant were diluted with 5 cm® fresh IMSO and used in
the quantitation of the chlorophyll pigments at 435 nm and
665 mm. All readings were done against a blank of DMSO,
using a Varian Techtron Model 650 Uv-Visible
Spectrophotometer. M0 was used as the extraction medium
for all chlorophyll extractions (Oak leaves, Pine needles

and Lichems).



3.3 RESULTS AND DISCUSSION

3.3.1 The pH of the Pine Bark

Figure 3.1 indicates that there was not a very large
variation in pH amongst the different bark samples. The
values obtained are in the range of pH 3.0 to pH 4.2.
Generally, bark samples collected at NE 1 were highly
significantly 1less acidic than those from NE 5 (t(24)= 3.474
and p= 0.0020) (Table 3.1). It appears that the pH of the
Pine bark is low (acidic) in general (Hawksworth and Rose,
1976) which could possibly explain why lichens are not
cammon on the bark of pine trees. Puckett et al.(1973)
relatedtheincreaseinsozwitharedlwtionintheptlof
the surface of soils and other substrates on which lichens
grow. The 80, is reflected as 80, and sulphur in the
plant. They state that at lower pH values dissolved 80, is
very toxic, to the extent that a lichen propagule would
stand little chance of surviving in the presence of the
pollutant. No lichens were evident on any of the trees

sanpled.
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3.3.2 Elemental Analysis

3.3.2.1 Fluoride

Evidently fluoride is an essential element for higher
animals, but it does not appear to be essential for plants.
Heavy F contamination can occur in the area immediately
surrounding an industrial plant. This is especially true
for brickfields, aluminium smelters, some pottery factories,
and factories involved in the manufacture of glass and
ceramics (Allen, 1974; ©Purves, 1985). One of the
camplications associated with F~ damage to vegetation, is
the ability of vegetation to accumilate F in high
concentrations. This may result in F~ toxicity to grazing
animals. Since the actual injury to vegetation generally
occurs because of gradual F~ accumilation, the duration of
exposure, and atmospheric concemtrations, will determine the
severity of injury (Naegele, 1974). Relatively high F~
concentrations which daid not drop below 100 mg/kg were
recorded in the bark samples collected at NE 1 (Fig.3.2).
Values obtained for samples collected at NE 3 and NE 5 in
February and April 1989, ocould possibly be attributed to
productivity of the brickfields (Davies, 1986). The data
(Fig.3.2) shows a significantly higher 1level of F~ near
the brickfield (t(24)= 5.268; p= 0.0001). A drop in the

F~ concentration of the bark collected from NE 1 could be
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an indication of a drop in the productivity of the
brickfield. This correlated well with the drop recorded for
Oak Bark (Fig.2.2, Chapter 2). This strongly suggests that
there could have been a decrease in production activity at
the brickfield (Davies, 1986).

3.3.2.2 Sulphate and Sulphur

Significantly higher sulphate values were recorded at NE 1
than at NE 5 (Fig.3.3a) (t(12)=2.633; p=0.0219) which
strongly suggests that the higher sulphate values (NE 1)
could be directly related to the brickfield. The same
material was analysed to show the sulphur content, and the
results indicated that NE 1 had a highly significantly
higher sulplur concentration than N 5 (Fig.3.3b -
(t(10)= 3.821; p= 0.034). The graph of the sulphate values
of NE 1 (Fig.3.3a) strongly resembles that of the F
values recorded at NE 1 (Fig.3.2), especially the high
sulphate and F values recorded between Nov. 1988 and Jan.
1989 (Fig.3.2 and 3.3a), indicating that more bricks could
have been produced during this period (Davies, 1986). These
results compare favourably with those of Figures 2.2 and 2.3
(Chapter 2).
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3.3.2.3 Mutrient status of the trees

3.3.2.3.1 Calcium

Hewitt and Smith (1975) refer to the cbservation made by
Florell, that quite small increments of ca?t resulted in
considerable stimulation of the formation of mitochondria in
wheat roots as well as an increase in their protein
content. They also state that ca?t is probably
multifunctional in that it is required for middle lamellae
of cell walls, organelle membranes, miclear substructure and
as a base equivalent for inorganic anions of cells. ca?t
undoubtedly has multiple functions in cellular metabolism.
Of these the activation of many enzymes and membrane
stability are probably the most important.

A highly significant correlation was found to exist between
the ca?t concentration of the bark, and the distance from
the brickfield (r(59)= -0.6187; p< 0.00005) (Fig.3.4). This
was the opposite of what was found in the oak trees
(Fig.2.4). This also appeared to correlate well with the
decrease in pH when moving away from the brickfield
(Fig.3.1). The ca?t ooncentration of the needles
(Fig.3.5; Table 3.2), however, showed a significant positive
correlation with distance (r(46)= 0.3395; p= 0.0182). This
difference could be explained by Mejstrik’s (1985) finding
that the immediate influence of fluorine on plant nmutrition
is caused by the precipitation of ca?t in the fom of
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insoluble caF,, resulting in ca®t deficiency.

3.3.3.3.2 Magnesium
The bark at NE 1 accumlated a highly significantly higher

u;z*' concentration ocompared to MNE S5 (Fig.3.6 -~
t(24)= 3.050; p= 0.0055). No metabolic significance can
actually be attached to it, seeing that the processes in
which  Mg?*  partakes, are in 1living cells. The
cancentration of Mgz"’ was highly significantly higher in
the needles collected at NE 5 than at NE 1 (Fig.3.7
-t(24)= 4.47; p=0.0002). This was expected, seeing that the
healthier needles were located on the side away froam the
pollution site. Because n;z"’ shares the same chemical
characteristics as ca?t, it is epected that they would
behave in the same way. Then, according to Mejstrik (1985),
u;z"' can form insoluble camplexes with F , rendering it
unavailable for chlorophyll formation. M2t has a
critical role in the structure of the riboscmal particles
responsible for protein synthesis. The ribosomes consist of
2 or more sub-particles whose association in a functional
manmner is dependent on the correct mz"' concentration. It
has been calculated that the in vitro concentration of
chlorophyll, and therefore of Mg?t in chloroplasts is
about 0.2 M. This is scme 20 times greater than the average
cell concentration and it is therefore not suprising that
the first effects of Mg deficiency are often symptoms of
chlorosis (loss of chlorophyll). }2;2"' is a readily
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dissociable ionic activator for many enzymes, but it is
probably best known for its role in the chlorophyll molecule
(Hewitt and S8mith, 1975).

3.3.2.3.3 Potassium

The potassium concentration in the needles (Fig.3.9), is
almost three times higher than the K' concentration in the
bark (Fig.3.8).  This justifiably indicates the importance
of K' in the needles. Potassium is an activator of many
enzymes that are essential for respiration. It also
activates enzymes needed to form starch and proteins in
living material (salisbury & Ross, 1985), and because bark
is dead material, a higher X' concentration is expected in
the living material. According to Epstein (1972), K' is
the only monovalent cation essential for all higher plants.
k' is a major oontributor to the osmotic potential of
cells and therefore to their water potential. A higher K*
value would thus be expected for the needles, because they
need to regulate their water potential. The bark collected
at N2 1, 2 and 3 recorded the higher K* concentration,
indicating a possible influence by the brickworks.

3.3.2.3.4 Sodium
The Na' concentration of the bark (Fig.3.10) is lower than
that of the needles (Fig.3.11), especially for the samples
collected at NE 2 and NE 3. Table 3.2 indicates that the Na

values ocbtained for the needles collected at NE 1 and NE 5,
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are slightly higher than those of the bark. Epstein (1972)
surveyed the work of various authors and he concluded that
Nat is not generally required by green plants. Hewitt and
Smith (1975) stated that the bemeficial effects of Na' in
the absence of adequate K' lies in the ability of Na' to
substitute forK"inmmzymsystans. According to
Brownell and Crossland (1972), higher plants that have the
Cq type of photosynthesis generally have an absolute
requirement for Nat.

3.3.2.3.5 Irom
The higher iron concentrations were recorded at NE 1 and NE
2 (Table 3.2), with NE 2 recording a significantly higher
iron concentration than the bark at NE 5 (Fig.3.12 -
(t(24)= 3.754; p= 0.001). This corresponds well with the Pb
values obtained for the bark collected at this site
(Fig.3.18), suggesting both to be due to traffic. Ho and
Tai (1988) found a strong correlation between the
logaritmic concentration of the metals (lead, copper, zinc,
iron, manganese) and the logarithmic traffic volume, in
their study. Iron plays an important role in certain
enzymes and mmerous proteins that carry electrons during
photosynthesis and respiration (Salisbury and Ross, 1985),
signifying its relative importance in the needles. Thus a
higher iron concentration was expected in the needles, than

that recorded by it, in Figure 3.13.



3.3.2.3.5 Copper
The level of coopper in the pine needles and bark, does not
differ very much (Fig. 3.14 & 3.15). According to Salisbury
and Ross (1985), ocopper is present in several enzymes and
proteins involved in oxidation and reduction, especially the

respiratory enzymes and chloroplast proteins.

3.3.2.3.7 3Zinc
Both Figures 3.16 and 3.17 show the same traits. Until
about November 1988 the distribution of zinc in the bark
(Fig.3.16) and needles (Fig.3.17), was very erratic, and
then from November 1988 omnwards the distribution of zinc
seems to have stabilized (Fig.3.16 & 3.17). Stabilization
of the zinc distribution in the needles occurred (Fig.3.17),
with a significant drop in the concentration (t(4)= 3.67;
p= 0.0214). Epstein (1972) reviewed work done by various
authors and found that zinc plays an important role in
requlating the level of auxin in the plant. It could thus
have an influence on the growth of the plant i.e. needle
growth. The period from July to December 1988 is probably
crucial to the development and growth of the needles,
therefore the distribution of zinc as shown in Figure 3.17.
Ho and Tai(1988)onthooth§rhand, found that a
correlation existed between 2zinc concentration and the

volume of traffic, which was not so evident in this study.



3.3.2.3.8 Lead

In the case of NE 1 the sampling was done on the side of the
tree avay from the road, but in the direction of the
brickworks. This was also the case for NE 2. With NE 5,
the road was on the side of the tree froam which the samples
were oollected (in the direction of the brickworks). Ho and
Tai (1988) found elevated levels of lead in roadside soil
and grass in highly urbanised areas. The data represented
in PFigure 3.18 and 3.19, suggest that more lead was
absorbed/adsorbed by the samples and that a correlation
exist between the iron concentration and lead concentration
at NE 2. There is a clear difference between the lead
concentration in the samples of NE 1 and NE 5, especially
towards the latter half of this work. The needles at NE 5
had a highly significantly higher lead concentration than
that collected at NE 1 (t(24)= 3.363; p= 0.0026). The high
lead (Fig.3.18) 1levels recorded in the bark at NE 2
correlated well with the high iron values recorded at this
site (Fig.3.12).

3.3.3 Light absorbance by chlorophyll pigments

Absorbance at 435 om and 665 Im

From October 1988 to 2April 1989 there was a continuous
decrease in the amount of 1light (435 nm) absorbed by the
chloroplast pigments (Fig.3.20). This could definitely not
be as a result of the pollution, because the level of
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absorbance of the needles at NE 1 and NE 5 were more or less
the same. It ocould however have happened that the needles
collected at NE 1 were older than those collected at NE 5,
vhich could explain the difference between the absorbance
values. The pattern of absorption for Fig.3.20 differs from
that of Fig.3.21. There was an increase in the amount of
light absorbed by the chloroplast pigments extracted from
samples collected Dbetween October and February 1989
(Fig.3.21). The level of absorption is however much lower
than that of Fig.3.21. This indicates that more light is
absorbed at the lower end of the spectrum for
photosynthesis. When comparing Fig.3.20 with Fig.3.21, there
is an increase in the amount of light absorbed at 665mm with
time, whereas the 1light absorbed at the shorter wavelength
(435mm), is much higher than that at the longer wavelength

(665m) .

Fluworide and sulphur dioxide are certainly the dominant
pollutants in the area that was studied. There were also

definite signs of iron and lead pollution.
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With the aistribution of F~ and sulpur along the
transect, it became apparent that the brickfield area was
definitely the main source of these two pollutants.
Relatively high levels of F were recorded in the pine
bark within the first kilometer from the brickfield
(Fig.3.2). A similar distribution pattern was also cbserved
for sulphur (Fig.3.3a).

According to Table 3.1, pine trees gemerally have a low bark
pH. The highest pH value was cbtained in the vicinity of the
brickworks (NE 1) and the lowest at NE 5. Staxing (1969)
correlated a decrease in bark pH with an increase in S0,
in the atmosphere, and the decrease in pH experienced in
this study was contradictory to her findings.

There was a ocamparative similarity between a decrease in
ca?t concentration and a decrease in the bark pH with
distance. The needles on the other hand showed a steady
increase with distance from the brickfield. This could
probably be due to less F being available to form the

insolubleCarzintheneedlesofthetreesfurtharaway.

The importance of u;z"'intheneedleswasreﬂectedinthe
higher recorded concentration in the needles coampared to the
bark. This was also further substantiated by the higher
recorded concentrations further away from the pollution
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A higher concentration of X' was recorded by the bark in
the polluted zone, indicating that the main pollution source
could have been the cause of this.

Iron pollution definitely occurred along the transect, with
the recorded bark iron concentration at NE 1 and NE 2 being
the highest. Comparing Fig.3.12 with 3.18, the level of iron
recorded at NE 2 corresponds with that of the 1lead
accumilated at this site, while Figures 3.13 and 3.19
indicate that NE 5 accumilated the most iron and lead
respectively. This evidence suggests that
internal-cambustion engines are responsible for a large
percentage of iron and lead pollution in the area. The

evidence confimmed what Ho and Tai (1988) found in their
study.

An anatomical study, of the needles, could reveal if any
structural changes occured in response to the pollution
threat.

Fluoride and sulphur pollution is especially significant
within the first 1.5 km from the brickworks, with Fe and Pb
pollution reflecting traffic rather than industrial sources.



Table 3.1: pH of Pine bark at different sites.(n= 13)

SITE pH (xzsd)

NE 1 S P S inS0
NE 2 3.74 £ .145
NE 3 3.70 £ .180
NE 4 S Eore ey
NE 5 3-S50t —-193
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8 % SULPHATE
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FIG. 3.3a ANNUAL VARIATION OF SULPHATE IN PINE BARK
ALONG A POLLUTION GRADIENT
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FIG. 3.3b VARIATION OF SULPHUR CONTENT IN PINE BARK
ALONG A POLLUTION GRADIENT
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Ca CONCENTRATION (g/kg@)
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0 SN
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——NE!l —+NE2 —*NE3 —=NE4 —NES

FIG. 3.4 ANNUAL VARIATION OF Ca IN PINE BARK ALONG A
POLLUTION GRADIENT
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FIG. 3.5 ANNUAL VARIATION OF Ca IN PINE NEEDLES ALONG
A POLLUTION GRADIENT
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5 MAGNESIUM CONCENTRATION (g/kg@)
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TIME IN MONTHS
SNy, —— NE 5

3.6 ANNUAL VARIATION OF Mg IN PINE BARK ALONG A
POLLUTION GRADIENT

5 MAGNESIUM CONCENTRATION (g/kg@)
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TIME IN MONTHS

—NEl —+NE2 ~—*NEJ3 S NES

3.7 ANNUAL VARIATION OF Mg IN PINE NEEDLES ALONG
A POLLUTION GRADIENT
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POTASSIUM CONCENTRATION (g/kg)
3

JON ‘88 SEPT ‘88 DEC ‘88 MCH '89 JUN ‘89
‘ TIME IN MONTHS
~——NE! ——NE?2 —*NE3 ~—%"NE4 —NES

FIG. 3.8 ANNUAL VARIATION OF K IN PINE BARK ALONG A
POLLUTION GRADIENT

. POTASSIUM CONCENTRATION (g/kg)
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FIG. 3.9 ANNUAL VARIATION OF K IN PINE NEEDLES ALONG A
POLLUTION GRADIENT
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) SODIUM CONCENTRATION (g/kg)

JUN ‘88 SEPT ‘88 DEC ‘88 MCH ‘89 JUN ‘89
TIME IN MONTHS
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FIG. 3.10 ANNUAL VARIATION OF Na IN PINE BARK ALONG A
POLLUTION GRADIENT

8 SODIUM CONCENTRATION (g/kgQ)
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JUN ’88 SEPT '88 DEC '88 MCH 89 JUN 89

TIME IN MONTHS
— NEl —+NE2 ~—*NE3 S NES

FIG. 3.11 ANNUAL VARIATION OF Na IN PINE NEEDLES ALONG
A POLLUTION GRADIENT
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4 IRON CONCENTRATION (g/kg)

JUON ‘88 SEPT '88 " oec 88 MCH ‘80 JUN ‘89
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FIG. 2.12 ANNUAL VARIATION OF Fe IN PINE BARK ALONG A
POLLUTION GRADIENT

5 Fe CONCENTRATION (g/kg@)
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FIG. 3.13 ANNUAL VARIATION OF Fe IN PINE NEEDLES ALONG
A POLLUTION GRADIENT



COPPER CONCENTRATION (g/kg@)
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FIG. 3.14 ANNUAL VARIATION OF Cu IN PINE BARK ALONG A
POLLUTION GRADIENT

b COPPER CONCENTRATION (g/kg)
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FIG. 3.15 ANNUAL VARIATION OF Cu IN PINE NEEDLES ALONG
A POLLUTION GRADIENT
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| ZINK CONCENTRATION (g/k@)
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FIG. 3.16 ANNUAL VARIATION OF Zn IN PINE BARK ALONG A
POLLUTION GRADIENT
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FIG. 3.17 ANNUAL VARIATION OF Zn IN PINE NEEDLES ALONG
A POLLUTION GRADIENT )
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- LEAD CONCENTRATION (g/k@)
14
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FIG. 3.18 ANNUAL VARIATION OF Pb IN PINE BARK ALONG A
POLLUTION GRADIENT
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FIG. 3.19 ANNUAL VARIATION OF Pb IN PINE NEEDLES ALONG
A POLLUTION GRADIENT
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ABSORBANCE

1 1 { |
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TIME IN MONTHS
— NE2 ——NE3 ~—* NES

FIG. 3.20 ABSORPTION OF LIGHT BY CHLOROPHYLL PIGMENTS
AT 435 nm
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FIG. 3.21 ABSORPTION OF LIGHT BY CHLOROPHYLL PIGMENTS
AT 665 nm
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pH OF PINE BARK

JUN 38 SEPT 88 Qec &8 MAR 39 JUN 89
NE ¢ 3.82 3.87 L1035 3.36 3.66 3.42 3.73 3.7 3.84 3.94 3.86 3.98
NE 2 3.87 3.9 3.96 3.3l 3.81 3.64 3.61 3.67 3.63 ’
NE 3 3.66 3,62 3.62 3,38 3,28 3.33 3.73 3. 3.69 3.96 3.98 3.39 4.81
NE 4 3.74 3.3 3.9 3.3 3.3 3.38 3.63 3.67 3,83 3.92 4,88 3.73 3.87
NE 3 3.44 3.88 3.61 3,32 3.49 3,35 3.4 3.36 3.3 3.3 3.92 3.97 3.37
) ' FLUGRIDE CONTENT OF PINE BARK
JUN “88 SEPT '88 peC 'sd HCH "89 JUR ‘89
NE | 183 143, 138.2  261.2 212.2 233 356.8 2744 1636 1703 183 219.4 186.4
NE D 39.8 8.4 A.4 J2.8 9.9 49 83.2 4.6 1332 2 43.8 1833 77.4
NE 3 43.9 2%.4 23.8 1.8 48.14 8 3. 3.8 44.2 76,2 1274 41.6 68
) SULPHATE CONTENT QF PINE BARK
JiUN "88 SEPT ‘88 DEC ‘88 HAR ‘89
F16.3.4a
NE L 8.226  B.446 23 8.132 ,396  B.711 B.647 3,539 8.233 0 8.387  B.897 8.38

8.3
NE 3 8.255  8.19%  98.118 8.172  @.152  @.3&0  B.248  8.206  3.229 8,193 @232 B.38l
NE 3 e.114  8.187 8.823 4.398 8.288  @.385 8.399 9.23a @.8209 9.184 R.U33 8.2

SULPHUR CONTENT OF PINE BARK

JUN "88 SEPT 88 0EC ‘88 %AR ‘99
F16.3.43
NE L 9.287  9.893 g.27  8.398 8.37 .28
NE 3 3.863  4.847  2.863  9.832 3.358 3,33
NE 3 8.379  3.896  3.863  9.994 3.833 T 3.839

LIGHT ABSORPTION BY PINE NEEOLE PHOTOSYNTHETIC
FIGHENTS AT 433na
ocT 98 DEC ‘88 FEB "89 APR 89

AE 1107 8.659  8.834 8.439 3361 8.329 .47
WE 2.993  R.715  8.672 8497 3397 426 2.4
NE 3 3.833  B.768  3.647  4.489 3.43  8.392  8.338

A rd

LIGHT ABSORPTION BY PINE NEEDLE PHOTOSYNTHETIC
PIGMENTS AT &&3na
acT "88 DEC '88 FEB "89 APR 89

2.188  4.119 9,258  9.282 @261 4289 8.207
8.208  2.156  2.264 3.389 8213 3.274 324
3.201  e.128  8.258 @311 4,294 82712 .28

P -
mmm
[ S 220 o ]
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JUN 38 SEPT 38 DEC '38 4cd 39 JuN 89
CALCIUN CONTENT OF PINE BARK

fE & 2.9 7.92 §.32  1@.82 7.38 3.16 7.24 7.68 7,86 7.3 8.34 3.7 7.48

NE 2 9.7  i1.98 §.24 7.18 9.48 8.24 6.44 7,38 6.92

NE 3 8.12 7.36 .36 8.94 7.84 8.44 6.89 6.82 9.3 7.4 6.16 5,38 1,28

NE 4 6.22 7.9% 7.1 3.7 5.34 7.4 6.48 7.84 8.7 a.74  11.04 .18 7.88

NE 3§ 4.7 3.82 3.3 8.36 4.8 3.42 3.78 a.14 6.l 6.98 6.34 5.72 4.94
CALCIUM CONTENT OF PINE NEEDLES

NE | 7,38 3,33 3.98 1.72 6.4 .34 3.88 6,36 3.78 4,62 3.98 3.36 4.22

NE 2 8.7 18,28 18.22 3.92 §.1 3.82 6.2 3.82 38

:g i 5.36 b.86 8.4 5.18 6,34 3.62 6.32 8.94 .68 3.48 7.82 3.8 8,02

NE S 7,38 9.78 §.24 7.38 7.24 7.88 5.81 7.3 6.8 6.34 8.12 7.3 3l

JuN ‘88 SEPT "98 DeC ‘84 ACH '39 JUN "39

MAGNESIUM CONTENT OF PINE BARK

NE L LE3 8.63 2.34 8.73 8.58 8.6  1.386 8.43 8.2 8.814 8.39 .62 8.66

NE 2 2.77 L9 1,83 .95 3.84 8.81 4.79 1.89 1,34

NE 3 8,64 2.17 8.33 8.36 4.4 8.33 8.89 8.97 d.38 8.87 8.36 3.43 3.3

HE 4 8.52 8.73 8.37 8.49 2.78  8.524 8.52 8.35 8,46 3.33 8.3 8.3 .43

NE 3 8.34 g.61 8.44 2.54 4,71  8.842 8.5  @.384 8.5l 8.37 8.86 8.42 3.41
MAGNESIUN CONTENT OF PINE NEEDLES

NE | 1.4% 8.%4 LA L2 1,36 1.34 B.95 137 8.7 1.8  8.798 8.93 1.82

NE 2 1.7 @.33 2,64 1.83 1.83 1.37 1.37 .43 1.93 2.83

zg 2 1.97 3.83 1.87 1,38 1.38 1,74 1 193 L.684 L2 172 1.4 1,782

NE 3 1.57 1.79 1.36 LA3 1.43 1.6 1.47 1,61 1,46 1.47 2.32 2.41 2.3

JUN 33 SEPT 83 DeC ‘88 ACH "89 JUN 8%

POTASSTUM CONTENT GF PINE BARK

NE | 8.39 8.93 8.98 1.36 {.27 1:22 2.34 1,588 £.36 .88 .54 1.37 1.87
NE 2 1,082 2.18 2,84 1,83 2.12 {48 1.3 2,81 1.998

NE 3 1.38 1.6 1.294 1.34 1.33 1,38 1.54 .82 2,33 1.3 L.184 1,45 1.47
NE 4 8.3 8.33 8.798  1.e88 8.84 8.93 8.94  1.834 1,834 8.98 2.99 3.79 8.63
NE 3 9.58 8.42 1.4 1.3 8.88 8.99 1,24 1.83 1,43 8.59 1,82 4.882 .89

POTASSIUM CONTENT OF PINE NEEDLES

NE | 8.2 11,72 13.28 11,27 18.60 1833 14,49 11,796 11,635 1.9 L9 9.29
NE 2 8.33  9.1%6 8.3 18,92 18.82 18.6% 13.48  13.1

:g i 1e.77 9.82 8.92 7.77  18.3% 12.48 12,31 {19 te.81  8.8%6  18.83 9.22
NE 3

11.89  1L&7 1.4 18,99 1160 1022 1144 1119 1844 9.26 18,3 18.44
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THE ACCUMULATION OF FLUOORIDE AND SULFHATE BY
Chasmanthe LEAVES AILONG A FOLLUTION GRADIENT,

AND ITS EFFECT ON THE MINERAL COMPOSITION
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4.1 INTRODUCTION
It is well established that air pollution does occur in the
Stellenbosch area (Chapters 2 and 3), especially fluoride
and sulphur dicxide pollution. Gladiolus and Chasmanthe are
both members of the family Iridaceae (Dyer, 1976). It is
thus possible that they could respond similarly to different
pollutants by exhibiting characteristic symptams, to
especially F~ pollution. Because F is very soluble, it
moves fairly easily in the transpiration stream. With the
evaporation of water from the leaves, the fluoride tends to
accumlate at the leaf tip and margins (Brewer et al.,
1957). As a result of the toxic effect of the excess F ,

regions of die-back appear along the margins of the leaves.

The purpose of this study was to make use of plant species
already growing in the Stellenbosch area, that are known to
be sensitive to pollution (especially to P), and to use
them as indicator plants. Numerous papers have been
published, on the effect that F~ has on Gladiolus plants
(Coulter et al., 1985, Brewer et al. 1966 and Hendrix et al.
1958). The correlation between leaf tip die-back and
fluoride concentration will be discussed, as well as the
influence of the major pollutants, ¥~ and 80,, on the

mineral composition of the Chasmanthe leaves.



4.2 MATERTALS AND METHODS

Due to the lack of Chasmanthe at all the sites, only the
following four sites were used: South-east(SE) 2 was
situated next to a road, that was not very much used; SE 4
was in the Stellenbosch University Botanical Garden; SE 6
was beside the driveway of a house and the Control Site was
at the back of Coetzenburg Stadium (Fig.1.1). At each site
there were between 5 and 10 plants, and a sample consisted
of a mixture of leaves cut during a particular sampling
period, meaning that only one sample per site was
collected. The die-back (Fig.4.1) of 10 leaves was
measured before it was dried.

For 1988, sampling was done during July and August. During
1989 however, sampling was done in May and Jume.

The material collected during 1988 formed the basis for this
study, while the material collected during. 1989 was used
only to see if there was any difference in the F
concentration of different sections of the leaves. Two sets
of leaf material were collected, the first 7 cm from the tip
of the leaf bla'de (t), and the next 7 cm below it (b).
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4.2.1 Die-Back of the leaf tips and margins
Leaves were randomly chosen to measure the tip die-back.
The leaves were initially cut of just below the region of
die-back, or at a length of 10 cm during the 1988 sampling.

Ssampling for 1988 was done during July and August. The
region of die-back was then measured in the laboratory from
the tip of the leaf to the end of the die-back region.

4.2.2 Elemental Analysis
The leaf material collected, was dried at 65°C for at least

5 days, before it was ground with a Wiley Intermediate Mill,
to pass through a no.40 mesh sieve.

4.2.2.1 Fluoride

The flwride concentration of the leaves was determined with
a Belective Ion Electrode (Method B), as described by Anon
(1980) . This method was preferred to the ones reviewed by
Cocke et al. (1976). For the extraction of F~, 0.25 g of
the material was weighed into a 100 cm® wide-mouthed
plastic container. To this, 20 cm® 0.05 M HNO; was
added and the container placed on a magnetic stirrer with a
Teflon-coated magnetic stirrer bar for 20 minutes. After

this period, 20 cm® 0.1 M KOH was added and the solution
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further agitated for an additional 20 minmutes. To this,
5.0 om’ sodium citrate solution containing 1 mg.am™3
F~ (adjusted pH 5.5) and 5.0 cm® 0.2 N HNO, was
added. The analysis performed on the material collected in
1989 was done to see if there was any difference in F~

concentration between the tip and basal sectionss.

4.2.2.2 sulphate, Nitrate and Chloride

For the methods used in detemining the above-mentioned
substances in the leaves, see Chapter 2. The sample
preparations for nitrate and chloride were the same as for
sulphate, but the standards used to calibrate the HPIC were,
1.00 mg.an"> and 0.30 mg.dm"> respectively.

4.2.2.3 Calcium, Magnesium, Potassium, Sodium, Iron, Copper,
Zinc and Lead

Of the dried leaf material, 0.5 g was then weighed out
accurately onto cigarette paper, enfolded within and then
placed in a digestion tube, and 6 a® of a HC1:HNO,
(2:1) mixture added. Three glass beads were added to curb
excessive bumping during heating. The digestion process was
considered ocoampleted when a colourless liquid was obtained.
Distilled-deionised water was then added, and the tubes left
to cool. The resulting solution was then filtered through

Schleicher and Schull #595 filter paper into 100 cm3
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volumetric flasks, and made up to volume. This material was
then stored in brown plastic bottles till further use. The
different elements, calcium, magnesium, potassium, sodium,
iron, oopper, zinc and lead, were then detemined using a

Pye Unicam SP 9 Atomic Absorption Spectrophotometer(Allen
et al., 1986).

4.3 RESULTS AND DISCUSSION

4.3.1 Die-Back of the leaf Tips and Margins

As was expected (Fig.4.1), the lenght of the marginal
die~-back decreased highly significantly with increasing
distance from the hrickfield (r(6)= -0.8437, p= 0.0085). A
general increase of the die-back region, over the sampling
period was expected, seeing that the leaves were exposed for
a longer period of time. The results obtained did imply
this. A difference in the age of the leaves could explain
the variable results that were cbtained for SE 6. Work done
by Hendrix et al. (1958), indicated that there was a
difference in the sensitivity, amongst leaves on the same
plant. To complete an experiment of this nature more
accurately, one would need sufficient leaf material to be

able to select leaves of the same age.



4.3.2 Elemental Analysis

4.3.2.1 Fluwride concentration of the leaves
Campton and Remmert (1960) referred to work done in 1952,
wvhere it was reported that only small amounts of fluoride
are usually absorbed from the soil, and that an even smaller
amount is transported to the leaves. The F~ concentration
of the leaves collected at SE 2, for July and August 1988,
is much greater than in the leaves collected from the other
sites (Fig.4.2a). This was expected, seeing that the site
is situated closest to the brickfield, a major source of

F pollution (Davies, 1980). A significant negative
correlation was found to exist between the F
concentration in the leaves with aistance (r(6)= 0.8363;
= 0.097). A highly significant positive correlation
existed between the marginal die-back and the F
concentration of the leaves (r(6)= 0.8552, p= 0.0068), as
was found in Gladiolus by Compton and Remmert (1960). A
higher F~ value was expected for the samples collected
during August (SE 2) than the one recorded during July 1988
(Brewer et al, 1957), but the decrease in F~ concentration

could be attributed to the age of the leaves sampled
(Hendrix et al., 1958). Another possible explanation, is
that the fluoride has bound to the Ca of the leaves,
rendering it insoluble, thus recording a lower value on
extraction (Mejstrik, 1985).
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Leaves collected during May and June 1989, and analysed for
F~, indicated that the top 7 am(t) of the blade had a
higher F concentration than the following 7 cm (b)
(Fig.4.3b) as was found by other researchers (Compton and
Remmert, 1960). More ¥~ accumilated during June 1989
than during May 1989.

4.3.2.2 Sulphate
Coal is burnt, at the brickfield to bake the bricks. From

the burning process, sulphur dioxide gas is set free, which
is taken up by plants. In the plant, 80, can be
converted to sulphate (Mellanby, 1980). The sulphate values
reflected in Figure 4.3, show the expected pattern of
distribution. The samples collected at SE 2 shows the
highest 80,°” value for both months, with a gradual
decline towards the control site (Figure 4.3). The decrease
wvas found to be significant (t(6)= 0.7154; p= 0.046). This

was expected, seeing that the brickfield was the main source
of 80,.

4.3.2.3 Chloride
The chloride content of the Chasmanthe leaves at SE 2 was
significantly 1lower than that of the control site
(t(6)= 3.645; p= 0.0356) (Fig.4.4). Gauch (1972) found that
chloride is closely 1linked to the chloroplasts as chlorine
was the most recently confirmed essential element for higher
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plants. From the work surveyed by Marschner (1986), it is
apparent that chloride is preferentially accumilated in the
chloroplasts. Bidwell (1979) refers to the work of Arnon,
who demonstrated an absolute requirement for chloride ions
in the photosynthesis of isoclated chloroplasts. There was a
significant correlation between the decreasing F~
concentration and the increasing chloride concentration with
distance from the pollution (t(14)= 2.760; p= 0.0281).
Keeping in mind that Chang and Thampson (1966) found that
F° also has the tendency to accumilate in the
chloroplasts, one would expect a higher chloride content in
the healthier leaves (further away from the brickworks) than
was found.

4.3.2.4 Nitrate

Fig.4.5 indicates what appears to be an increase in the
nitrate content of the leaves when moving away from the
brickfield. The higher nitrate content of the leaves at SE
2 for July and August, and SE 4 for August could be
attributed to a difference in age of the leaves. When
looking at the various sites of collection, the plants at
the ocontrol site grew in the shade whilst the other sites
were relatively exposed. Work surveyed by Marschner (1986),
revealed that nitrate reductase activity is lower under low
light intemsity. Could this perhaps have been responsible
for the relatively high nitrate level at the control site?



A greater mmber of replicates could have shed more light on
the results that were obtained.

4.3.2.3.1 Calcium
Calcium is an important structural component of cell walls,
and can affect the permeability of the cell membranes
(Bidwell, 1979, Raven et al., 1986 and Salisbury and Ross,
1985). It was thus expected that ca?* would be present in
quite high amounts seeing that new cell formmation and
expansion actively takes place in the top part of the
leaves. A lower ca®t concentration was expected in the
leaves at SE 2, compared to that of the control site
(Fig.4.6), due to the possibility of ca®t being 1less
freely available in the polluted zone because of its bonding
with ¥~ (Mejstrik, 1985). The trend of Ca’! increasing
in the leaf material on moving away from the brickfield
(Chapter 2 and 3), was not clearly cbserved in the
Chasmanthe leaves. The difference in age could probably

have played a role in the results obtained.

4.3.2.3.2 Magnesium
M2t is not as immobile in the phloem as ca®t (salisbury

and Ross, 1985). The results recorded in section 4.3.2.3.1
(ca®t) were an indication of what ocould be expected for
July 1988 (Fig.4.7). The values recorded for August 1988,
however were more what was expected due to the influence of

F . A significant positive correlation was found to exist



- 118 -
between the Mg°* concentration data with distance from the
brickworks (r(6)= 0.7038; p= 0.0514). Chang and Thompson
(1966) found that up to 60% of the F absorbed by Naval
orange leaves, accumlated in the chloroplasts, thus
impairing its proper functioning. This could be related to
the fact that Mg?' has similar ionic properties to ca?t,
and would thus be affected similarly by F (Mejstrik,
1985). Less active chlorophyll molecules would be available

for photosynthesis. A possible explanation for the high
n;z"' concentration at SE 2 for July, could be that the

F- had not yet reacted with the Mg?t, or that the leaves
sampled were more mature than that at the other sites

{(Campton and Remmert, 1960).

4.3.2.3.3 Potassium
The work reviewed by Gauch (1972), indicated that plants
required XK' in relatively large amounts as was found in
this study (Fig.4.8). Work done by Hartt (1969), on
sugarcane, revealed that a deficiency of K' decreased
translocation of 1labelled photosynthate from the leaves to
other portions of the plant. Taking into consideration that
Chasmanthe is a gecphyte, the plant will need to translocate
its photosynthate to the com. According to Fig.4.8, there
werenomjorchangesinthex’"concentrationofthe

leaves at the various sites.



4.3.2.3.4 Sodium

In the literature surveyed, it was found that Na' may
partially substitute for KXK' (Gauch, 1972), and that it is
mostly beneficial to balophytes (Bidwell, 1979 and
Marschner, 1986). Figure 4.9 indicates that there is an
increase in the Na* concentration as one moves away from
the brickfield, with the leaves at the control site
recording a significantly higher Nat value (r(6)= 0.6628;
p= 0.0732). It was found that in the leaves of plants, in
which a high proportion of KXK' was replaced by Nat, the
starch content is lower, but the content of soluble
carbohydrates, particularly sucrose, is much higher. This
will then favour both cell expansion and phloem transport to
sinks such as storage roots of sugar beet (Hawker et al.,
1974) . This can perhaps also be the case with Chasmanthe.

4.3.2.3.5 Iron
The iron values of the leaves, collected at the different
sites, show a decrease as one moves away from the brickfield
(Fig.4.10). There was a significant drop in iron
concentration at the various sites with increasing distance
(t(6)= =-0.6395; p= 0.0877), indicating that the brickfield
probably was a major supplier of this metal in the area. If
this was not the case, one would have expected a higher iron
concentration in the more healthier leaves further away from

the pollution source. Iron is essential in the formation of
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chlorophyll, although it is not part of the molecule
(Bidwell, 1979) and it is thus expected that the iren
concentration might be high in the more healthy leaves.

4.3.2.3.6 Copper
The copper values recorded (Fig.4.11) seem to be constant

throughout the sampling sites, and with time. The increase
in ocopper for August, over July, could probably be
attributed to the growing process of the leaves. Copper is
present in the chloroplasts (Bidwell, 1979; Salisbury and
Ross, 1985). A higher copper concemtration in the healthier
leaves, whose chloroplasts are not affected by the F, can

be extpected.

4.3.2.3.7 Zinc

Figure 4.12 indicates that there is an increase in zinc
during August compared to July. There is also a gradual
decrease in zinc concentration froam SE 2 to the control
site. Leaves of differemt ages could possibly be the reason
for this pattern. According to Bidwell (1979), a Zn
deficiency may result in a substantial increase in soluble
nitrogen compounds. Camparing the values of S8E 6 and the
control site of Figures 4.4 and 4.12, there seems to be a
correlation between the relatively low zinc concemtration
and the relatively high percentage nitrate present in the
leaf material.
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4.3.2.3.8 Lead

Due to the position of 8B 2, next to a road, and SE 6, a
relatively higher lead concentration in the leaves, at these
sites, compared to the leaves from the other sites were
expected (Fytianos et al., 1985). Purves (1985) states that
lead contamination of soil from atmospheric pollution is
undoubtedly the result of exhaust fumes. The results
obtained (Fig.4.13) do not seem to indicate this. It can be
that the plants are subjected to exhaust fumes for to short
period of time. A larger mmber of replicates would
certainly have given a clearer picture.

The results obtained suggest that atmospheric pollutants are
hammful to the metabolism of Chasmanthe.

Coulter et al. (1985) related HF concentration to leaf
necrosis, so one can 1link the amount of marginal die-back
directly with the amount of F~ absorbed by the plant
(Fig. 4.1 and 4.2). The results confim this
relationship. Chasmanthe leaves also showed the existance
of 80, pollution. From the results cbtained by Raitt in
1978 (pers.comm.), it appears that the amount of F
accumilated by the leaves did not increase dramatically.
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The leaves collected at SE 2 recorded a higher 8042'
level than the rest of the sites.

Because Cl- and P~ are so similar in their activity, and
the results suggest that where F~ dominates, Cl1~
decreases, and vice versa, it can be speculated that F~
replaces the Cl- close to the main source of F

pollution.

Although ca?*t showed no response to the F~ pollution,
the Mg®t concentration in the leaves increased with
distance from the polluted zone. This correlated well with
the data obtained in Chapter’s 2 and 3.

The brickfield apparently was the main source of iron in the
area, with the concentrations recorded by the Chasmanthe

leaves decreasing with distance from the brickfield.

In general the pollution did not adversely affect the
mineral status of Chasmanthe that mich. This could perhaps
be related to the fact that new leaves are formed every
year, while the old ones die off. Due to the lack of plant
material, the results for the mineral status of the plants
could not be verified, statistically. To do a detailed
study of this nature, one has to grow your own plants in a
pollutant free envirorment, and see to it that the plants
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are of more or less the same physiological age. Enocugh
plants should be grown to be subjected to pollution at
various sites, so that leaves of the same level (position
from base) ocould be used, and thus limiting the mmber of

variables that could influence the results.

The indications are there that fluoride pollution occurs in
the area and that the marginal necrosis is a direct result
of it.
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5.1 INTRODUCTION

In areas where correlations with pollutant levels have been
established, lichen patterns can be taken as estimates of
the level of particular pollutants (Hawksworth and Rose,
1976). The lichen’s poikilohydrous nature facilitates the
accumilation of high levels of dissolved suiplmr dioxide and
therefore it is not surprising that they are among the most
sensitive plants (Richardson, 1981). Therefore they have
been widely used as biological indicators of 80, pollution
(Hillgren and Huss, 1975; Hawksworth, 1971). In addition to
80,, lichens may also be used as indicator plants for
Hydrogen Fluoride (HF) and fluorine pollution. Davies
(1982) concluded that the damage exhibited by Xanthoria
parientina could only be attributed to too high fluoride
concentrations, seeing that it was growing close to a
brickworks. The variety of biological parameters used to
assess pollution damages to lichens, include photosynthesis
(Puckett et al. 1973) and chlorophyll degradation (Ronen and

Galun, 1984).

Lichens occaupy a special place in the plant world, due to
the fact that each lichen is a double organism comprising a
fungus and one or scmetimes two algae. The fungus and the
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algae are generally assumed to live symbiotically although
there is some debate about possible parasitism on the part
of the fungus. S8ince the fungi have no chlorophyll, the
algae alone are responsible for photosynthesis (skye, 1979).

In the Stellenbosch study area, lichens are mainly found on
the bark of the Oak trees that grow there. The trees
studied occurred in a south-easterly direction from the

brickworks.

In this paper the effect of the pollutants on the lichens,
in relation to the distance from the main source of
pollution, is discussed. The influence of the pollutants on
chlorophyll degradation as well as the cover abundance of
the lichens on the tree-trunks, is discussed.
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5.2 MATERIALS AND METHODS

Bark and branch segments, containing mainly the lichens
*  ramelia and ' Ramalina, were collected.  This
material was then divided and put out in six bags of nylon
mesh-type material so that each bag had a representative
sample of the above-mentioned 1lichens. This method was
preferred to the one used by Le Blanc et al. (1971), who cut
circular, 1lichen—containing disks from trees. During early
July 1988 each bag was lmng at a height of between 3.5 and
4.5 meters on the trees representing the sampling sites
(Fig.1.1), on the side facing the brickworks (Gilbert,

1985) , during early July 1988.

* - Thallus of foliose form, prostrate and more or less
closely creeping, Ggenerally attached to the
substratum by rhizinae, but scmetimes by a single
central ‘holdfast’ or attachment point, or by most of
lower surface;

+ - Thallus fruticose, erect or pendent, attached only at
the base and consisting of branching lobes, solid round
or flattened in cross-section or 1like stems with

coralloid laterals (Alvin, 1977).
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5.2.1 Photographic Study
The effect of the pollutants was recorded photographically.
The bark and branch segments were arranged next to each
other and then photographed. The photographic study was not
intended to show the lichems lost due to pollution, but only
to show the effect of pollution on the lichen colour and
structure during its time of exposure. This was done once
every three months when material was removed for chlorophyll
extraction.

5.2.2 Chlorophyll Extraction
The method of extraction was the same as the one used by

Ronen and Galun (1984). This method determines especially
the degradation of chlorophyll a molecules. The
degradation ratio 0OD435/0D415 refers to the absorption of
light by chlorophyll a and phaecphytin a molecules at
wavelenghts 435nmm and 415mm. It was shown that no other
pigments interfered with 1light absorption of chlorophyll a
at these wavelenghts. As the chlorophyll a is subjected
to more pollution, more chlorophyll molecules beccme

inactivated and thus 1less able to absorb 1light for

photosynthesis.
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3 Lichen Survey

A lichen survey was also done along the south-easterly
transect, to study the distribution of the lichens. The
different species were identified, and their percentage
cover abundance on the tree bark was determined by means of
the Braun-Blanquet method as described by Geldenhuys et

a_lo (1988) .

RESULTS AND DISCUSSION

1 Photographic Evidence

Coanpared to the grey-green Ramalina, Parmelia was initially
greyish in colour, and both had soft textures. At the end
of the sampling period, the upright Ramalina was hard, while
the Pammelia became leathery. There was little noticeable
change in the colour of both Parmelia and Ramalina after the
first six months of exposure to the pollutants (Fig.5.1 a &
b). During the March sampling, a definite change in the
colour of these two lichens was evident. Ramalina had a
yellowish colour, and Pammelia was off-white. This was
accentuated by June 1989. The colour change of Ramalina
correlated well with the degradation of the chlorophyll
molecules (Fig.5.2). The correlation between chlorophyll
degradation and the change in colour was not so apparemt in
the Parmmelias (Fig.5.3). This correlated well with the
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different semsitivities of these two lichens to pollution
(Perkins and Millar, 1987 a & b). Chang and Thompson (1966)
showed that a correlation existed between chloroplast and
fluoride accumilation in Naval Orange leaves. Because
chlorophyll degradation decreased rapidly with distance from
the brickfield, it can safely be assumed that F was
mainly responsible for the change in colour as it was a very
localized effect (Roberts and Thompson, 1980). Davies (1986)
found that there was a correlation between the fluoride
concentration in ZXanthoria and the distance from the source
of pollutant emission.

5.3.2 Chlorophyll Degradation

The bags containing the 1lichens were put out during early
July 1988. The results obtained in September 1988 thus show
the effects of 1lichens that has been subjected to
approximately 3 months pollution. The chlorophyll
degradation ratio of Ramalina, at 1 (Fig.5.2), decreased
with exposure time. Camparing the results of the various
sites (Fig.5.2), it as if the downward trend was
followed in most cases. Where this trend did not occur, one
can probably ascribe it to the exposure of the lichens to
the pollutants. The difference in the degradation ratios
between SE 1 and the control site, was higly significant
(&= 6.708; p= 0.0005; Table 5.1) (Ronen and Galun, 1984;

Garty et al., 1985). A significant difference was found to
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exxist between the degradation ratios of the Parmelias of SE
1 and the control site (t= 3.607; p= 0.0113; Fig.5.3; Table
5.2). The data confirms that more pollution occurred at SE
1 than at the control site (Garty et al., 1985). It is the
chlorophyll a pigment that gets degraded (Ronen and Galun,
1984; Garty et al., 1985). The differences in degradation
ratios were more profound in Ramalina (Fig.5.2) than in
Parmelia (Fig.5.3). Previous authors have found that
fruticose lichens were more susceptable to pollutants, than
foliose 1lichens (Perkins and Millar, 1987 a and b;
Silberstein and Galun, 1988). This is confirmed by the fact
that there was a more significant difference between SE 1
and the ocontrol site degradation values in the case of the
Ramalinas, than the Pammelias. The control site values for
both Ramalina and Pammelia (Fig.5.2 and 5.3), showed no
apparent interference with the chlorophyll a molecules
with time. The results obtained indicate that there was
more chlorophyll present in Ramalina than in Parmelia.
Kardish et al. (1987) found that a ocorrelation existed
between the concentration of ATP and the chlorophyll
degradation ratio (0D435/0D415). They found that ATP
concentration of the lichen Ramalina duriaei was a more
sensitive parameter for the monitoring of pollution in
transplanted lichens, than chlorophyll degradation.
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5.3.3 Lichen distribution along the South-east transect
The results obtained clearly indicate that there was an
increase in the mmber of lichen species (Fig.5.4) as well
as their percentage ocover (Fig.5.7) with an increase in
distance from the pollution source. Eight lichen species
were collected at the control site, while only two species
were recorded at SE 1. The correlation between the mmmber
of species with distance, was found to be highly significant
(Pig.5.4) (r(5)=  0.8847; p= 0.0081; y= 0.0589589 +

(1.57193)x%) .

The resultant percentage cover, of the lichens, parallels
the decrease in species mumber. There was a marked increase
in the percentage cover on the trees beyond the 1.5 km
distance from the brickfield (Fig.5.5). This increase
between SE 1 and the control site was significantly higher
(t(6)= 2.978; p= 0.0247).

Determinations of the pH of the bark, showed a highly
significant correlation between the increase in bark pH and
distance, (Fig.5.6; r(4)= 0.9638; p= 0.0005; y= 3.92660 +
0.253209x). The results obtained in Chapter 2 of this
document, indicate a decrease in the pH of the bark in the
polluted zone. Johnsen and Sochting (1973) also found that
there was an inverse relationship between the mmber of
lichen species and 80, pollution. Hawksworth and Hill
(1984) stated that at the lower pH values (below 4), 80,
is very toxic, but at pH values above 5, it is much less so.
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A highly significant correlation between the bark pH and the
mmber of 1lichen species (Fig.5.7) present was found
(r(5)= 0.8849; p= 0.0081; x= 4.03810 + (0.130833)y,

Y= =23.2980 + 5.98453x).

The change in colour, of the lichens, over the time period
of this study, could only be attributed to air pollution

that occurs in the area.

This change in colour was well supported by the chlorophyll
degradation results that were obtained (fig.5.1 & 5.2 and
table 5.1). The results also confimm that the fruticose
lichen, Ramalina, was more susceptable to pollution than the
foliose 1lichen, Pammelia, as suggested by Perkins and Millar
(1987 a and b). The correlation between the mmber of
species, their percentage cover alundance, the bark pH and
distance, was highly significant. It would have been
interesting to see, if there was a correlation between ATP
concentration and OD435/0D415 as Kardish et al. (1987)

reported.

S8ince the study was coampleted, the brickfield has ceased
active operation, and it will be important to keep on

monitoring for lichen re-vegetation, if any.



- 148 -
The lichens once again proved to be a very semsitive guide
to the degree of pollution that occurs in an area. The

absence should clearly be an alam signal as to the quality
of the air we breathe.



Table 5.1 The chlorophyll degradation ratio in Ramalina along
a pollution gradient (SE 1 nearest pollution

source, n = 13).
SITE AVERAGE (x = sd)!
SE 1 0.830 £ 0.136
SE 2 1.116 £ 0.199
SE 3 1.135 £ 0.122
SE 4 1.140 * 0.238
SZ 5 1.100 £ 0.050
SE 6 1.392 + 0.032
CONTROL 1.371 £ 0.032 i
Ieble 5.2 The chlorophyll degradation ratio in Parmelia along
a pollution gradient.(Site SE 1 nearest pollution
source, n= 13)
SITE AVERAGE (x %= sd)
S B 1s Oy 752 B e
SER2 B Q052 & Q. 03§
SE 3 0.836 £ 0.242
SE 4 0.904 £ 0.169
SE #5 0.991 =+ 0.095
SE 6 1EGUS ¥ 0.083
CONTROL 1.088 % 0.070
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FIG. 5.1 The effect of pollution on the lichens Ramalina and

Pamelia.
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(c) MARCH 1989

(d) JUNE 1989
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CHLOROPHYLL DEGRADATION RATIOS OF CHLOROPHYLL DEGRADATION RATIOS OF
Ramalina Pargelia

SEPT °88 DEC '88 MCH '89 JuN ‘89 SEPT 88 DEC '88 MNCH '89 JUN '89
SE ¢ 1.847  0.794 8.672 8.904 SE ! 8.789 8.936 8.521 8.663
§E 2 1,284 1.238 1,136 8.784 SE 2 8.992 1.86 1.84 1.893
SE 3 SE 3 1.183 8.929  0.337  B.474
SE 4 1.398 1.331 1.821 8.309 SE 4 8.0es 8.687 1.127 8.994
SE 3 1.142 1.128 1.829 SE S 1.89 1.081 8.887  8.983

SE & 1.424 1,359 SE 6 1.128 1.824
CONTROL 1,332 1.34% 1.422 1.3635 CONTROL  1.826 8.943 {.134 1.881

DISTANCE LICHEN 4 BARK YH 1 COVER
8.75 4,19

2 . 1
1,33 3 4.2 i
2.23 3 4.47 ]
2,33 3 4.34 3
2.93 4 4.78 3
3.4 3 4.69 3
4.1 8 5.82 3
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are especially alamingly high along the two transects
within 1.5km from the brickworks.

From the results obtained, it is safe to assume that the
availability of both ca?t ana n;z*‘ are negatively
affected due to the binding with F~ to fom insoluble

conplexes.

High iron and copper concentrations were also recorded in
the immediate vicinity of the brickworks, after which their
concentrations decreased. Iead pollution in the area was
proven to be related to motor-vehicles. Iron also showed to
be closely linked with the lead pollution, as was suggested
by Ho and Tai (1988).

Both Figure 6.1 and 6.2 indicate that 80, effectively
pollutes over a larger area than is the case with F .
This conclusion is drawn when studying the relatively sudden
drop in the F~ concentration in both Figure 6.1 and 6.2

caapared to the relatively gradual drop in the sulphate and
sulphur concentrations.

The results obtained in this study indicate that the sulphur
dioxide pollution had evidently decreased. This can
possibly be due to the use of a higher grade coal which does

not release as much sulphur when burnt. The evidence also
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intervention of concerned residents of the area. It would
thus be ideal to have a follow-up study in the future to see
the changes that might occur, in the oconcentration of
fluoride and sulphur/sulphate in the vegetation, and the
re-colonization of lichens in the area.
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SULPRUR vs FLUORIDE CONC. SULFEATE vs FLUDRIDE CONC.
[N 0AK BARK i PINE BARK
DISTANCEFLUGRIDE  SULPHUR OISTANCE FLUDRIDE SULPHATE

8.7%  173.88  9.134 83 196,33 8.386

1,33 148

2,15 137.86 9.1l 1.33  47.75  8.22%

2,33 2,18

2.9% 31,49 3.393 .4 Jeutz M





