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1. SCIENTIFIC BACKGROUND OF THE PROJECT

The island-wide geochemical soil survey conducted by the International Centre for
Environmental and Nuclear Sciences (ICENS) [1] identified several anomalous areas with
particularly high concentrations of heavy metals, especially in the parishes of St. Elizabeth
and Manchester. The follow-up geochemical studies in these areas confirmed the potential
environmental implications and health hazards associated with the heavy metal
occurrence.

Bauxite exploration companies, occupying 1/3 of the island, contribute
significantly to the air pollution in Jamaica. All bauxitic [terra rossa) soils are enriched in
toxic heavy metals, and the dry climate facilitates air particulate transportation. The
impact of bauxite industry on air quality in Jamaica has been previously demonstrated
on transplanted lichens [2].

Lead battery repair shops are common in Jamaica, and cases of lead poisoning
have been reported [3]. Lead exposure to children in residential areas in the vicinity of a
former Pb-Zn mining area has been studied. Site remediation, nutritional and "Lead-Safe"
education campaigns significantly reduced the blood lead levels of the children [4]. The
Pb, Zn and Cd maps produced showed that the contamination has been spread over to
nearby communities by the wind-blown mine-waste dust, deposited 150 years ago.

Lead remains the major environmental problem in urban areas in Jamaica where
cars using leaded fuel provide the main means of transport. Considering the present
concentration of Pb in leaded gasoline (0.84g per litre) and the annual gasoline
consumption, it has been estimated that some several hundred tons pure lead are
released into the atmosphere each year.

In 1994 the Heads of State of 34 Western Hemisphere countries, including
Jamaica, signed the agreement for phasing out leaded gasoline. The Government of
Jamaica has since developed an action plan, which is expected to result in leaded
gasoline being phased out over the next three years, as follows: from 0.84 g to 0.69 g
Pb per litre in the first year, 0.04 g Pb per litre in the second year and 0.0013 g Pb per
litre in the third year [5].

Air quality has been monitored at selected areas in Jamaica using high volume
samplers. The results obtained [6], showed elevated levels of aluminium in bauxitic
areas and very high lead concentrations in urban areas, from 5 to 35 times greater than
in rural areas. The lower throughput of the conventional air particulate samplers
however, restricts the air quality and health assessment on a nation-wide scale.

Biomonitoring offers a cost-effective alternative to air-quality assessment if
appropriate indicator species are chosen. The epiphytic lower plants such as lichens and
mosses have been used as indicators of regional air quality in several European countries
and USA. However, there is not enough studies on lichens and mosses in tropical
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countries, probably due to the lower occurrence of these species, which cover only 8%
of the world's land surface. In Jamaica the epiphytic higher plants, represented by the
genus Tillandsia are widely distributed, which make them along with the lichens and
mosses potential site-specific bioindicators of air quality.

The IAEA Co-ordinated Research Project entitled "Biomonitoring of Air Pollution in
Jamaica Through Trace-Element Analysis of Epiphytic Plants Using Nuclear And Related
Analytical Techniques" will address these needs of the country. The primary purpose of
the present study was to develop specific bioindicators of atmospheric air pollution in
Jamaica, which will provide baseline information for health hazards assessment. A two-
phase approach was chosen:

Phase 1 : Development of site-specific bioindicators of air pollution

S To determine the feasibility of the lower (lichens and mosses) and higher IT.
usneoides & T. recurvata) epiphytic plants for biomonitoring of the air pollution in
Jamaica.

S To develop methodology for sample collection, preparation and multi-element
analysis of epiphytic plants using the nuclear and nuclear-related facilities at the
Centre.

S To develop an in-house epiphytic plants standard to assist the biomonitoring
programme.

Phase 2: Detailed biogeochemical survey and mapping

•S Sampling of lichens, mosses and T. usneoides & T. recurvata along with the
associated surface soils from areas of high-risk in Jamaica (anomalous, industrial,
urban and rural).

S Multi-element analysis of the samples using NAA and XRF.
V Data analysis and biogeochemical mapping using a Geographical Information

System.
•S Design of a long-term air-quality biomonitoring programme in Jamaica

In view of these objectives, a preliminary collaboration is being discussed with
some research groups from Brazil, Mexico and Germany. The collaboration programme
will focus on analysis of samples using complementary nuclear-analytical techniques and
development of alternative bioindicators of air quality in tropical regions. The project
team is open for collaboration with other research teams and organisations.

2. MATERIALS AND METHODS

Air Pollution

Air is considered to be polluted if it contains substances which may have an
adverse effect on the environment and human health. Today's legislators and regulatory
criteria have moved from traditional "Air Pollutants" (e.g., particulate matter, heavy
metals and other compounds to "Hazardous Air Pollutants (HAPs), which are generally
defined as those pollutants that are known or suspected to cause serious health
problems. Long range transport, dry and wet depositions are significant routes of
atmospheric pollution. Nearly all HAPs are in particulate and/or gaseous forms. The
gases are often adsorbed by the particles and surrounding living matter.
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Choice of Indicator species

Bioindicators of air pollution are generally epiphytes or "air plants" that get their
name from the fact that they grow not in soii, but instead in air, attached to branches
(epiphytically) and rocks (saxtcolous). Epiphytes are not parasites and the roots serve
only to give the plants a firm anchor to whatever they are growing on. Because they do
not have access to sot! nutrient pools, their tissue content largely reflects atmospheric
sources of nutrients and contaminants.

Two categories of epiphytic plants were considered in this study: lower plants
{Lichens and Bryophytes) and higher plants {the genus THIandsia of the epiphytic
Bromeliad). There was no records of similar studies so far in Jamaica, nor a consistent
literature on epiphytic plants. Therefore, a detailed desk-study survey was undertaken
on the biology and metal accumulation of the existing lichens, mosses and Tillandsia
species.

a). Uchens and Bryophytes

Lichens (Greek for tree-moss) and bryophytes posses a number of characteristics
that make them suitable biomonrtors for air pollution. Lichens are usually very long lived
and their morphology does not vary with the seasons, thus allowing the accumulation of
pollutants throughout the year. A dynamic equilibrium exists between atmospheric
nutrient/pollutant accumulation and loss, which makes lichen analysis a sensitive tool for
the detection of changes in air quality.

A lichen is a dual plant consisting of both fungus {93% of dry mass or volume)
and a green or blue-green alga (7% dry mass or volume). The fungus obtains food from
the alga, which manufactures food through photosynthesis and the alga receives some
of its food {nitrogen compounds) and protection from the fungus. Figures 1a-c shows
the three common forms of lichens - crustose {flat type of growth), foliose {leaf-like but
with prostrate growth), and fruticose {bush-like and erect or hanging growth). Different
morphological types of lichens exhibit differing levels of sensitivity to pollution as a
result of combined factors that are not well understood, in general, sensitivity increases
in the following series: crustose < foliose < fructicose. The lichens grow very slow,
about 1 cm per year for crustose and 2cm for foiiose lichens, and their longevity ranges
from 300 years in temperate climates to up to 3000 years in arctic climates.

Figure 1. The three forms of lichens: {a} crustose, {b) foliose and (c) fruticose.
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Mechanisms of heavy metal accumulation

Lichens and bryophytes are supplied with mineral nutrients and heavy metals
from both, natural and anthropogenic sources, including precipitation, throughfall, dust
and the underlying substrate. They accumulate substances from the environment by two
main mechanisms:

a) Particulate trapping - particles of various heavy metals can become embedded in the
lichen thallus in the algal and/or fungal layer;

b} Ion exchange - the action of rain, surface water, and passive upward diffusion from
the substrate bring dissolved minerals in contact with lichen thalli, which can be
accumulated by a lichen depending on the uptake characteristics of that particular
species.

b). Epiphytic Bromeliad and the Genus Tillandsia Bromeliads

Bromeliads are members of the plant division Magnoliophyta, the flowering,
stemiess plants. The family includes species as diverse as pineapples, tiliandsias and a
carnivorous relative native to Australia. The Bromeliaceae first became known to
Europeans after Christopher Columbus' second voyage to the New World in 1493, when
he returned to Spain with some pineapples in cultivation by the Carib tribe in the West
indies. Later, this tropical fruit was being cultivated in India and other Old World
countries.

Bromeliads have quite a wide distribution. They are found growing from sea
level in southern Virginia to altitudes as high as 4,000 m in the Peruvian Andes, Chile
and Argentina and from very wet regions to deserts. Figure 2 shows the general
distribution map of Bromeliaceae [7j.

Bromeliads family includes some 3,000 species classified in 51 genera. There are
generally three overlapping types of bromeliads: terrestrials, that grow at the topsoil,
tank types, which store water and air particulates from rain or drips off the leaves, and
epiphytes, such as Tillandsia, which grow on open trees or telephone wires in search of
sunlight, better drainage and greater air circulation.

Figure 2. General distribution map of Bromeliaceae

Tillandsia

The genus Tiilandsia belongs to Pineaple family (Bromeliaceae) and includes about
500 species. The main characteristics of the genus are summarised in Table 1. Tillandsia
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is native to tropical and subtropical Americas and is named after the 17th century
Swedish botanist Elias Ttliands. The most abundant species found in Jamaican
landscape are epiphytic THIandsia recurvata and Tiilandsia usneoides {see Table 1). They
are not a typical species of the pineapple family, however, the fact that both Spanish
moss and Ball moss produce flowers is a proof that they are not truly lower mosses at
ail.

Table 1: General characteristics of the genus Tillandsia

Property

Common name
Family

Height {width}
Growth rate
Foiiage

Flowers

Light

Temperature
Watering
Fertility

Humidity
Soil

Propagation
:

Genus Tillandsia
< till-iand' see-ah >

Tiliandsia, Air Plants
Bromeiiaceae,
Bromeliad
18 -60 cm
Moderate
Variable, scaly leaves
strap-shaped, narrow
triangular or linear;
usually in rosettes
Tubular to funnei-
shaped; flower scape
often with colorful
bracts;.
Full sun to bright, may
not bloom if
insufficient light
Coo! to warm/hot
Moderate
Low; moderate for
green species
Humid
Green - epiphytic;
gray -attached to
slabs, rocks
Offsets, 7 years to
flowering from seed

T. recurvata
< ree-cur-vah' tah>
Bail Moss

i t

10 - 20 cm
n

Silvery-gray or
green, simple or
branched stems

Spikes, 1 -5 slender
violet-white

••

warm/hot

T. usneoides
< us-nee-oy* dees>
Spanish Moss

n

5 - 65 cm

Silvery-gray or
green, wiry,
intermingled,
hanging, rootless
Greenish yellow or
pale blue, solitary

••

warm/hot
« i it

«

attached to trees,
wires

1*

attached to trees

«

Tillandsia Biology

The leaves of all Tilfandsias have scales, known as trichomes, which act as
pumps that facilitate the capture and conservation of water and minerals from the
surrounding environment. The plants form root-like holdfasts which penetrate into the
rough bark of the host tree. Tillandsia reproduces both by seeds and by vegetative
growth. When small pieces of the plant are broken off and moved by wind or animals to
another site, they will begin to grow into new plants. The seeds are light and are
covered with a fluffy material which aids in their movement.

Ball moss exhibits many characteristics of the genus Tillandsias, including
absorbing scales and entire margins. The structure of Ball moss is a compact mass of
stiff leaves emerging from a central core. It first occurs as small, grey green tufts that
develop within a relatively short time into a dense "ball" composed of numerous
individual plants as shown in Figure 3. Individual plants generally measure between 5
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and 25 centimetres in diameter. The blue to violet flowers appear on a long stem
emerging from the central mass of the "ball" of leaves. Ball moss grows on the bark of a
number of shade trees or telephone wires.

(b)

Figure 3. Tillandsia recurvata: (a) individual plant; (b) composite ball aged 1 - 3 years.

Spanish moss {Figure 4a} is neither "Spanish" nor "moss". Like many other
bromeliads, which prefer well lighted but moist habitats, it is commonly found hanging
from trees near rivers, ponds and lakes. Characteristics of preferred host trees include:
significant branching; rough bark with fissures or scales to capture and hold seeds or
fragments of stem; thick permanent barks. There is some evidence that Spanish moss
grows better on dead trees than on live ones. This may be due to its preference for well
lighted but moist habitats. Flowers appear in spring on the terminal ends of Spanish
moss strands.

The Spanish Moss is frequently mistaken for the lichen Usnea sp. (Old Man's
Beard or Goat's Beard) shown in Figure 4b. The similarity between these two epiphytic
species has long been noted by the great botanist Carl Linnaeus, who named the
Spanish Moss Tillandsia usneoides, which literally means "Tillandsia that looks like
Usnea". The closer examination of the Figures 4a and 4b, however, reveals that the
colour and shape are somewhat different. The higher flowering plant Spanish Moss is a
little greyer and denser than the lichen Old Man's Beard, which could be recognised in
the field.

The main question however remains: "What is the physiological response of the
two similar looking epiphytes of two different generations to the atmospheric pollution?"

Sampling Design and Sample Collection

Epiphytic plants vary in their capacity for particulate trapping as well as the ion-
uptake efficiency of their surface morphology. This underlines the importance of correct
identification in the field and collection of the same bioindicator species. The sites for
this preliminary study were not standardized as to size, aspect, host, tree age and tree
species. Most of them were located on or near accessible roads. Sites typically
contained 1-5 medium sized trees in open areas, which were used for composite plant
sampling.
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{a} Tillandsia Usneoides {Spanish Moss) (b) Usnea sp. (Old Man's Beard)

Figure 4: The famous resemblance of higher plant Tiliandsia Usneoides {Spanish Moss}
and the lower lichen Usnea sp. {Old Man's Beard).

Sites selection in this study included bauxite mining area, coastal {marine} area,
high traffic urban and clean background regions. A multi-media sampling strategy at
each site was adopted to include collection of lichens/mosses and/or tillandsia, the host
tree barks and soil/dust samples.

A field data sheet was completed for each site visited. The site was visually
located on the topographic map and the exact coordinates were determined using a
Magellan ProMARK-X Global Positioning System {GPS). Each site location was also
marked on the topographic map quadrangle, A photograph of the site and the sample
collected was taken using a digital camera. The field data sheets as well as the pictures
were entered in the computerised Database system at the Centre. The information
which was recorded included the date, topographic map quadrangle, parish, location,
brief habitat description, dominant tree species, the types of epiphytic plants present,
overall environmental conditions. The environmental conditions of a given site were
evaluated by the appearance of the plant itself. Those that have a dense covering of
scales on their leaves are most probably from an area with bright light and little water,
whereas a plant with more glossy leaves is most likely from an area of lower light and
higher humidity.

a). Lichens and Bryophytes

Lichens were investigated on tree boles from ground level to about 1-2 meters,
as well as limbs which could be reached. The species identified and collected in the field
were returned to the laboratory for final classification. Lichens were collected with teflon
tweezers. Some species adhere closely to the bark and are extremely brittle. To
overcome this, the plants were moistened before collection. The specimens were
deposited in paper bags, if dry, and labeled. Wet specimens were spread out on clean
paper and left to dry in air if possible. Alternatively, these specimens were stored in
perforated plastic bags and transported to the lab for further processing.

b). Tillandsia

Tillandsia samples were collected from dead trees and telephone wires in open
areas. The sampling was done manually using protective gloves, if the species were
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accessible. To access the species at higher locations a specialised sampling device was
designed, shown in Figure 5.

The Tillandsia sampler is a telescopic
device, made of Al, with a rake-like picking
implement. The telescopic pole was
graduated in metric units so that the height
of samples collected can be measured. The
sample bag is attached to the picker using a
ring with vertical studs. To collect a sample,
the teeth of the rake are placed between the
host and the ball moss, after which it is
pulled down in the sample bag. All
components of the sampler are detachable
to allow portability. The sampler can
accommodate various picking implements
designed for different epiphytic plants.

Figure 5. Design of the tillandsia sampler.

c). Soil samples

Approximately 1 kg of a bulk topsoil/dust sample was taken at each sampling
site. Obvious pieces of rock and vegetation were removed. The samples were collected
in double strength labelled plastic bags and returned to the laboratory for sub-sampling and
analytical sample preparation. Site information and observations were logged on the Soil
Field Card, including: location and coordinates; parent material, slope, drainage, erosion
and land use; soil texture, structure, taxonomic classification and pH.

d). Other samples

Underlying tree bark samples and host rocks/soil samples were collected, dried
and stored for analysis when appropriate.

Sample Preparation

Plant samples
Laboratory sample preparation of the lichens, mosses and T. usneoides included a

screening step aimed to identify and separate the plant species of interest, individual
plants (see Fig. 3a) of T. recuvrata samples were manually separated from the "ball"
using a Teflon tweezers. The fine dust fraction accumulated between the individual
plants in the ball was collected and sent for elemental and particle size analysis using
NAA/XRF and Electron Microscopy.

The separated individual plants were submitted to air drying, particle size
reduction by fragmentation, washing with bi-distilled water (5 seconds in ultrasonic
bath) and oven drying at 45°C. Each sample (about 5 - 10g) was pre-ground manually
using liquid nitrogen and transferred to a Fritsch mortar-grinder for further grinding and
homogenisation. The dried analytical samples were stored in sealed plastic bags at low
temperature to reduce the rate of microbial decay.

Dry-ashing of plants

Metal concentrations in biological materials are significantly lower compared to
the typical geological matrices, and they are often close to the detection limits of the
instrumental nuclear analytical techniques. Dry-ashing of the biological samples is an

111



alternative toll to enhance the capability of the instrumental analytical techniques.
Ashing a biological sample converts the large excess of organic matrix into gaseous
compounds that can be removed by volatilisation, thus pre-concentrating the sample up
to one hundred for fresh soft tissue and enabling the trace elements to be analysed
without spectral and matrix interferences.

For dry-ashing, the dried material was carefully crushed, thoroughly mixed, and a
subsample of about 10g was weighed with a high precision balance. The Pyrex glass
beaker containing the weighed material was covered and put in a furnace whose
temperature was slowly increased to 450°C over 8 hours. After 24 hours, the beakers
were removed from the furnace and the ashed material was weighed. The weight of the
ash samples ranged typically from 0.3 to 1.8 grams. The ashed samples were stored in
sealed plastic bags for analytical sample preparation.

So/7 samples

Approximately 500 g of the bulk soil/dust sample from each site was wet-sieved
through 8 and 100 mesh nylon sieves using a minimum amount of distilled water. The
final <100 mesh (<150//m) fraction was transferred to a pre-Iabelled wet strength Kraft
paper bag and oven-dried at 45°C. The dried samples were then ground and
homogenised in a Fritsch mortar-grinder and stored in polyethylene containers for
laboratory analysis.

Laboratory Analysis

Laboratory methods used to study the response of lichens, mosses and tillandsia
to pollution include multi-elemental analysis of plant tissue and soil/dust samples using
Energy-Dispersive X-Ray Fluorescence spectrometry (EDXRF) and Neutron Activation
Analysis (NAA), pH measurement of soil and tree barks, photography and electron
microscopic studies.

Samples for XRF analysis were prepared as 25mm pressed pellets using 4 g
geological and 0.8 g biological materials. For NAA geological samples were double
encapsulated in 1.5 ml and 7 ml hot sealed polyethylene vials, while biological samples
were prepared in hot sealed 25x25 mm double plastic bags.

Neutron Activation Analysis

The Neutron Activation Analysis (NAA) was carried out using the SLOWPOKE-2
reactor of the ICENS. Two gamma spectrometry systems consisting of a Canberra
reverse electrode Ge detector and an ORTEC PopTop Ge detector were used for
counting the gamma-ray spectra. Quantitative analysis was done using an in-house
developed software NAA Lab_Manager and ORTEC's Omnigam package.

The SLOWPOKE neutron flux is very stable over time and varies by less than ±
3% with respect to irradiation site and sample position in the irradiation capsule. This
allows the calculation of unknown concentrations using the semi-absolute method of
standardisation. The experimental activation constants for 55 elements were determined
using suitable single or multi-element standards prepared from stable AR grade oxides
and carbonates and stored in the quantification library. Table 2 lists the experimental
conditions used for multi-element NAA [8].
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Table 2. Irradiation-decay-counting scheme used for multi-element NAA.

Parameters

Product half-life
Irradiation time

Decay time
Counting

time

Analysed elements

Short-lived 1

<12 min
5 min

3-6 min
5 min

Mg, Al, S,
Ca, Ti, V, Cu

Short-lived 2

12-1440 min
5 min

15 min
30 min

Cl, K, Ga, Br,
Sr, Un, I, Ba,
Dy, W

Long-lived 3

1-3 d
4 h

2-5 d
2 h

As, Br, Mo, Cd,
Sb, La, Sm, W,
Au

Long-lived 4

> 3 d
4 h

20-30 d
3 h

Sc, Cr, Fe, Ni, Zn,
Se, Rb, Zr, Ag, Sb,
Cs, Ba, Ce, Eu, Tb,
Yb, Lu, Hf, Ta, Ta,
Th

Biological and geological Certified Reference Materials (CRMs) were used to
check the accuracy of the multi-element determinations. Analytical precision was
measured by replicate analysis of in-house biological and soil standards.

EDXRF

Kevex EDX-771 was used for X-ray fluorescence analysis of biological and
geological samples. The system operates in both, direct and secondary target mode of
excitation, using a Rh anode X-ray tube. The the Si(Li) detector has a 7fj Be window and
a resolution of 1 55eV at 5.9 keV of the Mn-Ka line. The direct excitation mode using
Rh-L lines and vacuum allows effective measurement of the light elements (Z < 20),
which are essential for the biological matrices. The measurement conditions employed
for analysis of the samples are listed in Table 3.

The measured spectra were converted in AXIL format using an in house
developed program. Spectrum analysis was done with the QXAS package. The
quantitative analysis procedure for biological samples includes the iterative Fundamental
Parameter method, while the soil samples were analysed using the empirical calibration
methods [9].

Table 3. Measurement conditions used for EDXRF analysis.

Parameters

Tube voltage, kV

Atmosphere

Range of
elements (K -

lines)
Range of

elements (L -
lines)

Direct / Secondary Excitation Mode

Direct

5

vac.

Na-S

-

Ti
target

10

vac.

Al-Ca

-

Ge
target

20

vac.

Ca-Cu

Ba-Hf

Zr
target

30

air

Fe-Br

W-Pb

Ag
target

40

air

Fe/Mo

Pb-U

Dy
target

60

air

Ag-Ce

-

Direct

60

air

Ba-Dy

-
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Data and Image Processing

The Geographic Information system (GIS) used at the Centre is the US army's
GRASS 4.0 (Geographical Resources Analysis Support System) mounted on a SUN
Sparc 1 + workstation. The gridded raster map layer of concentrations for each element
is used to generate colour contour maps by dividing the original concentration data for
each element into 25th, 50th, 75th, 95th, and 99 th percentile ranges.

3. RESULTS AND DISCUSSION

A). Database Development

The main questions addressed at the initial stage of this project were the
distribution of epiphytes across Jamaica, species richness and the abundance of
individual indicator species at different geographical locations. Published materials on
lichens and mosses in Jamaica were dated late 50-60s, while the species available in
the two local Herbaria were not catalogued in electronic files. Thus an effort was made
to create an updated distribution profile of the lichens, mosses and Tillandsia in Jamaica.
Computer files of lichen, mosses and tillandsia records were created for each parish. The
sources of these records included published literature, research reports and the
Herbarium collections of the University of the West Indies and the Institute of Jamaica.
The data records were sorted by species, locations, elevations, sensitivity, etc., and
subsequently entered into the Web based database of the Centre.

Lichens and Mosses

A total of 225 lichen and 316 moss species were recorded in the epiphytic
database. The island-wide distribution of lichens and mosses are presented in Figure
6a,b. The number of lichen species found (1-15 species) were significantly lower in the
parishes of St. Catherine, St. James, Hanover, Westmoreland and St. Elizabeth, while
the moss species were lower (<5 species) in St. Catherine, St. Marry, St. James, St.
Elizabeth and Manchester. The poorer lichen and moss communities were found in three
parishes - St. Catherine, St. James and St. Elizabeth, which may have resulted from
poorer air quality or past air pollution.

The overall distribution of both lichens and mosses, shows that the higher
occurrence of these species is in Portland and St. Andrew and the lower is in St.
Elizabeth and Manchester. This is not surprising as the parishes of Portland and St.
Andrew include the Blue Mountains Inlier, which is well known high air quality area,
while St. Elizabeth and Manchester are the high As and Cd anomalous areas under
investigation by the Centre.

As a potential indicator species, the most frequent seven lichens [Chiodecton
sanguineum, Cladonia didyma, Coccocarpia pelitta, Leptogium marginellum,
Sporopodium phyllacharis, St/'cta weigelii, Pseudocyphellaria aurata) and the most
frequent seven mosses [Dip/oneuron connivens, Fissidens yucatanensis, Leucomium
compressum, Pseudocryphaea flagellifera, Pilotrichidium leonii, Pterogonidium
pulchellum, Trichosteleum sentosum) were chosen and mapped in Figures 7a,b. The
graphs show that the lichen and moss selections cover the entire area of the country
and may be used for an island-wide biomonitoring.

However, for the air monitoring purposes the presence of species sensitive to
pollution is a more important factor than their total number. Lichen and moss sensitivity
can vary with the climate, the topography and the composition and proportion of the
airborne pollutants in the air. Therefore, the air quality sensitivity rating cannot be
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Figure 6: Island-wide distribution of the (a) lichens and (b) moss species.

(b)

Figure 7: Occurrence of the seven selected indicator species of (a) lichens and
(b). the seven selected indicator species of Baosses-
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extracted from a literature review and should be based on regional fieid and laboratory
studies. Previous studies in Jamaica have shown that Flavoparmeiia caperata and
Punctelia rudecta are good indicators of bauxitic air pollution. The capability of the other
candidates for indicator species will be further investigated.

Epiphytic Tillandsia

The occurrence of the epiphytic T. recurvata (Ball moss) was surveyed during the
field trips as there was found only a few geographically referred records for this plant.
The fieid data obtained clearly indicated that Ball moss is readily available at any site of
the island. Thus, the distribution map for this plant was not produced considering its
uniformity.

The second specie, T. usneoides {Spanish moss} was found and collected in the
parishes of St. Andrew, Portland and Manchester.

B}. Field work

Plants fieid data cards were designed to record and standardise the field
information, namely: fieid record (date, team, topographic map, parish, location,
coordinates, etc.); brief habitat description {dominant tree species, types of epiphytic
plants - lichens, mosses and Tilfandsia, overall environmental conditions - light and
humidity); sample info (host - tree bark or rocks, bark pH, type of plant specimen
collected}; geochemistry (surface soil/dust, overall dust accumulation, etc}.

A total of 60 lichen, moss and tiiiandsia samples were collected from 4 parishes
in Jamaica (St. Andrew, Manchester, St. Elizabeth and St.Ann). The sites include high
Cd and As anomalous areas, industrial, marine, background and high traffic areas. At
each site an associated plant/soil sample was collected as described before. All samples
were prepared for laboratory analysis.

C). Multi-element Analysis

Typical results for the soi! and plant samples obtained by NAA and XRF analysis
are shown in Table 3. The concentrations ratio of a non-washed to washed plant
sample, shown in the last column of the table illustrates the effect of the washing
procedure on the sample.

Table 3. Typical analysis results for soi! and plant sample by NAA and XRF.

Eiem.

As
Ba
Br

Cd
Ce
Co
Cr

Cs

Eu

Fe,%
Hf

K

La

Surface soil

17.2 ±0.5
121 ± 3 0

6.8 ±0.1
24 ± 4.4

' 96 ± 2
29 ± 2

814±7
2,1 ±0.1
2.8 ± 0.09
12.8 ±0.3
11.2 ±0.1

8736 ± 240
85.0 ± 0.8

Tiiiandsia
Non-washed

1.22 ± 0.04
34 ± 2

16.0 ±0.1

2.5 ± 0.5
1.17 ±0.06
6.0 ±0.1

0.09 ± 0.01
0.06 ±0.01
2245 ± 41
0.16 ±0.01
1385± 119
1.50 ± 0.02

Non-
washed/
washed

1.4
-

1.1
-

1.9

2
1.9
-

-
-
-

-

1.3

Elem.

La
Lu

Na
Nd

Rb
Sb

Sc
Se
Sm

Th

U
Yb
Zn

Surface soil

97.8 ± 0.6
0.99 ± 0.03

112±10
68 ± 1

...

6.9 ± 0.7
47.5 ±0.1
10.1 ±1.2
14.1 ±0.2
27.1 ±0.1
9.7 ± 0.3
7.1 ±0.2
262 ± 11

Tiiiandsia
Non-

washed

1.50 ± 0.02
-0.01

2390 ± 7
—

1.8 ± 0.2
0.40 ± 0.04
0.67 ± 0.06
0.18 ±0.04
0.23 ± 0.02
0.26 ± 0.01
0.19 ±0.01
0.08 ± 0.01

85 ±3

Non-
washed/
washed

1.3
-

0.45
-
-
-

1.1
-

1.3

0.8

0.-7
-
-
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D). Data interpretation

The dual functions of the Spanish moss

The special biology of T, recurvata which mature as a composite "bail" of
individual plants, offers an additional advantage for the biomonitoring compared with the
other indicator species. Along with pollutants accumulation by the plant tissue, the
"ball" also stores the atmospheric air-particuiates, which could be collected from the
plant and analysed. Typically, up-to 2 grams of fine dust sample could be collected from
a larger size ball, which is enough for quantitative NAA and XRF analysis. The dual
function of the Spanish moss as an indicator plant as well as an air-born dust collector
makes it extremely valuable for the purposes of the air pollution biomonitoring.

It has been found that the particle size distribution of the Tillandsia's dust is
correlated with the heights of the collected samples. The higher the plants are, the
smaller the dust particles are. By collecting T. recurvata at specific heights, the
respirable 2.5>c/m friction can be approached. Figures 8a-b show the EM pictures of the
dust samples collected from a high-traffic area in Kingston, and an old Pb-Zn mining
area. Figure 8b clearly indicates the presence of galena (brighter) particles in the dust
collected.

{a}

Figure 8: EM images of dust samples collected from Spanish moss: (a) high traffic area;
(b) old Pb-Zn mining area.

Needs for standardisation

The factors affecting the physiology of the epiphytic plants should be considered
at all steps of the information data flow - from field work and laboratory measurements
to the data interoperation, namely:

^ Bark chemistry and water acidity - natural and anthropogenic variations of the bark
chemistry and water acidity are a major factor governing the composition and health
of bryophyte and lichen communities. The factors affecting the number and type of
epiphytes present include the pH buffering capacity of the bark, dust accumulation,
and the age of tree.

•S Soil geochemistry - variations in soil geochemistry is also important because the
variations in bark chemistry may be affected by variations in soil cation availability.
The relationship between soil and bark chemistry is further complicated by the abiiity
of trees with acidic stemflow to acidify the surrounding soil.
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E). Web Publishing

The results obtained during the first year of the project implementation were used
to create a Web site, accessible via the ICENS home page. Further work will be done to
implement a searchable engine for the database and the image gallery, identification key
for Jamaican epiphytes, maps development.

4. PLANS FOR FUTURE WORK

Plans for future work includes the activities outlined in the Phase 1 a and Phase 2
of the project. More specifically, these will include:

> Analysis and data interoperation of the sample already collected;
> Prepare Standard Operating Procedure (SOP) for the sample collection and

preparation;
> Collect samples in accordance of the SOP;
> Laboratory measurements, data reduction and mapping using GIS;
> Multivariate analysis and modelling of the biomonitoring data.
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