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1. SCIENTIFIC BACKGROUND OF THE PROJECT

The main goal of the Coordinated Research Project (No:9937/R0), entitled
"Biomonitoring of Air Pollution in Jamaica Through Trace-Element Analysis of Epiphytic
Plants Using Nuclear And Related Analytical Techniques", is to identify and validate site
specific epiphytic plants for biomonitoring the atmospheric pollution in Jamaica using nuclear
analytical techniques at the International Centre for Environmental and Nuclear Sciences
(ICENS).

The specific objectives for the second year of the project were:

i Development of HOP for sampling epiphytic plants in Jamaica.
ii Sampling design and sample collection
iii Sample preparation and analysis
iv Development of an in-house SRM and participation in the NAT-5 inter-laboratory

study
v. Data analysis and interpretation of the results,
vi. Development of a work plan of the third year of the project.

2. MATERIALS AND METHODS

2.1. Development of HOP for sampling of epiphytic plants in Jamaica

The results of the first year of the project indicated that the most abundant epiphytic
plants in Jamaica are the genus Tillandsia and some lichens. Therefore, an integrated
harmonized operating procedure (HOP) sampling of epiphytic plants was developed
considering the specificity of the higher (Tillandsia) and lower (lichens) plants. The Filed
Card form used for collection of the epiphytic plants is shown in Appendix I.

The sampling media considered in the Filed card are the Tillandsia and/or lichens, and
optionally tree barks and soil/dust samples. The following field information was recoded:

(a). Sample location

The sample location information includes the place name, topographic sheet No,
easting, northings and altitude.

(b). Climatic conditions

The climatic conditions recorded during the sample collection included weather
information such as sunny/cloudy, rain/fog, wind, temperature and cither factors.
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(c). Description of the ecosystem

The ecosystem description included:
a) Sampling area: urban (commercial, residential, parking or other) and

rural/industrial (forest, pasture, cultivation, wasteland, marsh, dwelling, highway
or industry).
Note: The approximate distance of the sampling site from the potential pollutants
was also recorded.

b) Terrain and soil information: degree of erosion, inclination, soil type, etc.
c) Vegetation information: abundance, predominant vegetation, presence of other

epiphytic plants, presence of deteriorated, discoloured or underdeveloped
epiphytic plants.

(d). Collection of the samples

The following information was recorded: sample substrate, type/name (tree, shrub, rock
or soil), number and height of the sampling points.

2.2. Sampling design and sample collection

The study area of the biomonitoring programme, shown in Figure 1, primarily included
some priority area at risk with a view of further extension at islandwide seal
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Figure 1. Study area considered for biomonitoring of air pollution.

The guiding principle in designing the sampling scheme was to develop a
comprehensive database, which is: (a) compatible with the existing geochemical databases at
the Centre on soils, sediments and water, and (b) suitable for geographically referenced
mapping of the atmospheric status in Jamaica.

Four recognized sampling approaches were considered in development of the
biomonitoring sampling scheme, namely: systematic, random stratified or biased grid
sampling. The systematic sampling is often recommended over random sampling for
detecting long-term trends such as climatic or atmospheric studies. This method has the
smallest bias but requires a larger number of samples than does a biased sampling scheme.

Considering all above, a systematic grid sampling was adopted to guarantee complete
coverage of the island and facilitate the map development using Geographical Information

142



System (GIS).

Figure 2 shows the study area overlapped with 20km x 20km sampling grid, yielding a total
of 33 sampling points.
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Figure 2. Sampling design of the study area (grid size = 20km x 20km).

Within each grid, a biased or stratified sampling approach was used to account for non-
homogeneity of the sampling population. Biased (judgmental) sampling was used in areas
with known sources of contamination, while a stratified sampling was applied in areas where
the sampling population is split into non-overlapping strata that individually are more
homogeneous than the population as a whole.

At least, one composite sample was collected at each grid following the sampling
protocol in Appendix I. In the case on known or expected non-homogeneity of the sampled
population, two or three additional samples were taken by biased or stratified sampling
approach. Sampling sites typically contained 1-5 medium sized trees in open areas, which
were used for composite plant sample.

The sampling sites were 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. Most of the sampled
epiphytic plants were Tillansia recuvrata species. Site information was recorded on the
associated Filed Cards. The field data as well as the pictures were entered in the Database
system of 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 on the base of the size, overall appearance and abundance of Tillansia species. The
large sized dense balls with blue to violet flowers are most probably from an area with blight
light and higher humidity, whereas smaller size plants with thinner leaves and non-developed
flowers are most likely from an area of lower light and humidity. Figures 3 and 4 illustrate
well and poor developed sampling sites.

143



(a) (b)

Figure 3. Tillandsia sampling sites: (a) well developed and (b) less abundant.

The sampling was done manually using protective gloves, if the species were
accessible or a specialised telescopic sampler designed to access species at higher locations.
The specimens were stored in paper bags and transported to the lab for analysis.

The current status of the biomonitoring programme is shown in Figure 4. A total of 10
sites (No.3 to 13) were sampled during the second year of the project.

I

i '•

^ 1 1 10 \ 1* ̂

16

17

V8
\19

2 & ^

21

(22

24

\ 2 5

26 7

28/:

29
-̂ 30

/'31

3 2 ^

33

|

Figure 4. Current status of the biomonitoring programme.

2.3. Sample preparation and analysis

2.3.1. Preparation of plant samples

The laboratory preparation of the Tillandsia recuvrata samples included cleaning and
separation of the individual species from the composite "ball" using Teflon tweezers. The
separated individual plants were rinsed with bi-distilled water to wash the adhered surface
dust similar to the rain, followed by oven drying at 45°C. Dried samples were ground
manually using liquid nitrogen and transferred to a Fritsch mortar-grinder for further grinding
and homogenisation. The dried analytical samples were divided in two subsamples, one for
direct analysis and the second for pre-concentration by dry-ashing.

Samples for direct analysis were stored in sealed plastic bags at low temperature to
reduce the rate of microbial decay. For dry-ashing, a subsample of about lOg was weighed
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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.

2.3.2. Dust paniculate matter

The atmospheric dust, deposited between individual plants, was released during the
cleaning and plant separation process. The plant/dust subsample left-out after separation of
the individual Tillandsia species was sieved through 150 macron mesh and the -150micron
dust fraction was collected for elemental analysis. The particle size: distribution was assessed
by Scanning Electron Microscopy (SEM).

2.3.3. Multielement analysis

Plant, ash and dust samples were analysed by using Neutron Activation Analysis
(NAA) and Energy-Dispersive X-Ray Fluorescence (EDXRF) spectrometry. EDXRF was
mainly applied for plant materials, which were prepared as 25mm pressed pellets using ().8g
materials. Dust samples, before submitting to NAA, were analysed by EDXRF by thin-film
method for Pb, Cu and other metals.
NAA was used for analysis of plant, ash and dust samples. Plant and ash samples were
prepared in hermetically sealed 25x25 mm double plastic bags, while the dust material was
encapsulated in 1.5ml heat sealed polyethylene vials.

The in-house standard reference material TILJAM, developed during the first year of
the project, was used as a matrix reference material for NAA and included within the routine
sample batches. The TILJAM normalised concentration ratios of the analysed samples were
used to categorize the analysed plant, ash or dust materials as "biological" or "geological" in
view of their quantification.

3. RESULTS AND DISCUSSION

3.1. Multielement analyses

ICENS participated in NAT-5 inter-laboratory study for the determination of trace and
minor elements in two lichen samples, L-l and L-2. The samples were analysed by NAA for
short- and long-lived elements. Table 1 compares the ICENS results with the NAT-5 accepted
values.
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Table 1. Comparison of ICENS data on L-l and L-2 with the NAT-5 accepted values.

Elements

Al
As
Ca
Cl
Cr
Fe
K
La
Mn
Na
Sb
Sc
V
Zn

L-
NAT-5

1064.84
0.966

3926.634
2437.991

6.041
902.296

3138.261
0.895

52.626
124.455

0.457
0.249
3.582

111.73

1
ICENS

1383
0.95

4123.63
2406.33

7.29
920.6

3378.39
0.85

52.99
125.8

0.5
0.22
3.62

104.83

L-2
NAT-5

634.142
0.682

2489.291
1964.02

1.051
443.597

1813.917
0.625

64.288
302.869

0.085
0.169
1.452

31.928

iCENS
802.96

0.68
2491.34
1875.14

1.35
433.24

1902.64
0.61

58.11
295.78

0.11
0.14

1.5
29.58

The results obtained on analysis of 24 Tillandsia-dust samples were submitted to
statistical analysis and the medians of dust/tillandsia concentration ratios for some selected
elements are plotted in Figures 5 and 6.

Figure 5 is a pie chart, showing the balance of the dust and plants elemental ratios.

nDy QEU H V EjMn gCa

Figure 5. Percent contribution of elements in dust/Tillandsia concentration ratios.
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Figure 6. Dust/Tillandsia concentration ratios of elements, sorted in decreasing order.

The graph in Figure 6 suggests three groups of elements:

> Elements (Ti, Al, Dy, Eu and V) with high dust/plant ratios (>10), i.e. typical soil

elements, non-essential for plants,

> Elements (Mn, Ca) with moderated dust/plant ratios (about 1 -3),

> Elements (K, Cl, Na) with low dust/plant ratios (<1), essential for plants.

The above results make obvious that Tilandsia species can provide information on the
elemental status of the atmospheric deposition compatible with these by direct measurement
of the air particulates.

3.2. Tillansia biology and air participate trapping

The detailed knowledge of Tillandsia biology is important in the interpretation of
biomonitoring data. Tillandsia recuvrata, used in our study initially occur as small, grey-green
tufts that develop within a relatively short time into a dense "ball" composed of numerous
individual plants. A single strand of Tillandsia, laid on a flat surface, will reveal its scoipoid
dichotomous growth pattern. This pattern is the result of alternate branching of the plant at
each growth point or node. Alternating branches elongate, resulting in a zigzagging pattern.
The distance between nodes appears to be an indicator of the plant's response to its habitat and
as it can be used to compare growth rates of plants.

The leaves of all Tillandsias have scales, known as trichomes, which serve two major
functions vital to the plant's survival: act as pumps that facilitate the capture and conservation
of water, minerals and nutrients from the surrounding environment and also help reflect the
intense sunlight from their leaf surface. These trichomes are what give many of the air plants
their characteristic grey colour. Their density can also indicate the kind of physical
environment the plant has grown in, as the denser the trichome covering, the hotter and dryer
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the growing environment. They are also suspected of playing a vital role in particulate
trapping in tillandsia, as was further investigated in this study.

To examine the role of trichomes in air particulate trapping, two individual T. recuvrata
species (young and aged) separated from the same "ball" were investigated by SEM. Figure 7
illustrates the Tillandsia specie under investigation.

Figure 7. EM image of Tillandsia recuvrata.

The electron microscopy images obtained at various sections in Figure 7 are shown in
Figures 8 through 12.

(a) (b)
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(c) (d)
Figure 8. Section of leaf base at "C" showing the trapped particles.

Scale bar: (a) lmm, (b)= lOOmkm, (c) = lOmkm, d=10mkm.
~ • • * —

(a) (b)
Figure 9. Section of the youngest leaf at "Y"; scale bar = 1 mm (a) and lOOmkm (b).

(a) (b)
Figure 10. Section of the oldest leaf at "OL"; scale bar = lOOmkm (a) and lOmkm (b).
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The above SEM images of Tillandsia, clearly demonstrate that:
(a) the trichomes do serve a vital role in air particulate trapping,
(b) the embedded plant particulates levels are age dependent,
(c) Tillandsia is tolerant to high particulate pollution, which does not have an

apparent physiological effect on the plants.

The electron microscopy images on Figures 11 and 12 illustrate the particles trapped by the
Tillandsia flowers.

'fi

Figure 11. Tillandsia flower at "F" (scale bar =lmm)

Figure 12. Particle trapped in the marked area of

flower in Fig. 11 (scale bar =100 mkm).
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4. CONCLUSION AND RECOMMENDATIONS

In conclusion, the results of the second year of the CRP project demonstrated the
potential of Tillandsia recuvrata in biomonitoring of the atmospheric pollution in Jamaica.
The outdoor dust recovered from Tilllandsia species can be analysed and used for direct
assessment of the atmospheric pollution without using electronic equipment.

The mane advantages of Tillandsia recuvrata in biomonitoring of air pollution are:

> Due to its faster grow rate compared with lichens, Tillandsi as are well-suited for
biomonitoring of the short- to medium-term pollution.

> The analysis of leaves of different ages of Tillandsia could be used for retrospective
biomonitoring.

> The physiology and size of Tillandsia trichomes offer favourable microtopography for
trapping of the fine dust fraction, which is important in health related studies.
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Appendix: FIELD CARD FOR EPIPHYTIC PLANTS

INTERNATIONAL CENTRE FOR ENVIRONMENTAL AND
NUCLEAR SCIENCES

Number of samples
(To fill in laboratory)

Field Team

Date
Time

Lichen/Tillandsia

Substrate

Soil

(Initials)

dd-mm-yy
hh-mm

Project name:

Topographic sheet No.

Site

Easting

Place name:

Northing Altitude

[2, CLIMATIC CONDITIONS

Sunny

Dry

•
D

Temperature

Cloudy

Wind

<10°C

•
•
a

Rain

10-20

•
D

°c D

Fog

Dusty

>20°C

•
•
•

Others

llfililllllll
3.1. Description of the area

URBAN AREA

Industrial LJ

Others

Distance of the

Commercial

sampling site from

•

the main

Residential

road

D

m

Parking D
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Rural/ Industrial area

Forest

Wasteland

Dwelling

Highway

Industrial

Others

•

D
•
D

Pasture U Cultivation

Marsh U

Distance from the sampling site

Distance from the sampling site

Distance from the sampling site

•
•

m

m

m

3.2. Terrain conditions

Soil type
(To fill in the laboratory)

Degree of erosion

High D

Medium LJ

Low •

Negligible U

Inclination

High •

Medium LJ

Low LJ

Negligible LJ

3.3 Vegetation

Abundance of vegetation

Presence of other epiphytic plants (lichens, mosses, others )

•
Presence of Usneaa rubicunda

u

High •

Trees U

Medium • Low D

Predominant Vegetation

Shrubs •

Scanty LH

Grass D

Yes •

Yes

No

No
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Presence of Tillansia

u
Presence of lichens deteriorated, discolored or underdeveloped

•

Yes • No

Yes D No

4. COLLECTION OF THE SAMPLE

Sample Substrate

laboratory)
(To be filled in the

Tree []

Shrub []

Rock []

Soil [ ]

Type/Name

Type/Name

Type/Name

Type/Name

Others

Height of the sampling point

< 1 m • 1-l.Sm D 1.5-2m •

Other

| j 5. REMARKS

155


