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ABSTRACT

Monitoring of heavy metals content in lichens was studied to assess the
atmospheric pollution from two different sites from urban and rural sites, in this
research. Lichen from Mahasarakham and Mukdahan Provinces were studied as
representative of urban and rural sites. Two groups of lichen, crustose and foliose such
as D. picta, P. tinctorum. P. coccifera, L. argentata and L. benguelensis were used as
bio-indicators and collected at Phouphakud, Nongsoung District, Mukdahan Province
from June to November, 2011. One lichen species (D. picta) was found and collected at
six sites surrounding Mahasarakham downtown which was collected from November,
2011 to July 2012. The experimental conditions for sample digestion using water bath
was optimized. It was found that optimum ratio of sample to volume of nitric acid,
digestion temperature and digestion time were 0.1 g : 2 ml, 100 °C and 40 minute,
respectively. The heavy metals in digestion solution were determined. Iron, manganese
and zinc were analyzed using AAS. While, copper, chromium and nickel were analyzed
using ICP-MS. The result revealed that heavy metals content found in lichens from
Mahasarakham and Mukdahan Provinces were high concentration in dry season than
rainy season. Whereas, the concentration of heavy metals from foliose were higher than
crustose. The concentrations of heavy metals in D. picta from both Provinces were
compared. The results showed that heavy metals content in D. picta from
Mahasarakham Province was more accumulated than heavy metals content in D. picta
from Mukdahan Province. Chlorophyll degradation in lichen from both Provinces were
studied. The chlorophyll in DMSO extracts were detected using UV-Visible
spectrophotometry at 415, 443 and 665 nm. The result showed that the chlorophyll in
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lichen from Mahasarakham was found more degraded than the chlorophyll in lichen
from Mukdahan Provinces. The analysis of heavy metal and chlorophyll degradation
contents in lichens from present study indicated that the atmospheric in urban site was

more polluted than rural sites.

Key Words: Heavy metal; Lichen; Crustose; Folose; Chlorophyll
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CHARTER 1

INTRODUCTION

1.1 Background

Currently, the earth suffers from global warming and climate change, which
are caused by anthropogenic factors such as construction, agriculture and transportation.
These activities lead to air pollution and environmental change (Mitchell and Gu, 2010).
All living organisms, plants and animals on the earth are faced with worse them lives.
Some species of organism are very sensitive to air pollution, such as lichen. Around 6%
of the earth’s land is covered by lichen dominated vegetation (Gadd, 2010).

Lichen are symbiotic organisms consisting of two components: a fungal partner
or mycobiont and algal partner or photobiont (Nash, 1996). The algae is a producer and
the fungi is a consumer (Tehler, 1996). Lichens can grow in areas where it is moist with
warm air or other appropriate conditions. Consequently, lichens are a parasite attack on
the plants, rocks, walls and soil. There are traditionally divided to three groups: the
foliose lichens are leaf-like, fruticose lichens are bush or shrub like and crustose lichens
are tight substrate (Blidel and Scheidegger, 1996).

Nutrients are very important for the metabolism of lichens, existing as
positively charged ions (cation) or negatively charged ions (anion). Negatively charged
anionic binding sites, such as carboxylic and hydroxycarboxylic acid, are in structural
polysaccharides form cell walls, and positively charged cationic binding sites are
assumed to be responsible for the cell wall exchange capacity in lichens (Nash, 1996).
Lichen can retain and distribute nutrient and trace elements to the environment.
Furthermore, lichen can accumulate metals, such as lead, copper, iron and other ele-
ments in the environment (Gadd, 2006).

Sensitivity of lichens to pollution is related to their biology and nitrogen
oxides, sulphur oxides, pesticides and heavy metals (Bajpai et al, 2011), alteration of
symbiotic balance between the photobiont and mycrobiont may readily breakdown the
association. Therefore, different kinds of lichen are exposed to different toxic nutrients

depending on the inhibitor of lichen metabolism processes (Gries, 1996).
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There are several metal-polluted sources, including rocks, soil, water and
airborne derived from anthropogenic activities, some lichen associated with heavy
metals rich substrata are commonly able to tolerate metals, other lichen species are
restricted to heavy metals-rich substrata (Backor et al., 2010). The heavy metals that the
lichen are tolerant to depends on the characteristic lichen species and type of heavy
metals as well as the concentrations of the metals in their environment (Mendil et al.,
2009).

Two localities were collected lichens at Mukdahan and Mahasarakham
provinces. Samples were classified according the areas and lichen species. Atomic
absorption spectroscopy (AAS) and inductively coupled plasma mass spectrometry
(ICP-MS) were used to determine heavy metals in lichen from this study. The
chlorophyll in individual lichens was tested for environmental evaluation and
comparison between rural and urban areas. Sample preparation in this study could be

high enriched analytes (% yield) with very high efficiency.

1.2 Purposes of Research

This research aimed to study the follows:
1.2.1 To identify lichen species obtained using the proposed method.
1.2.2 To optimize sample digestion conditions such as amount of acids
(65% nitric acid), digestion temperatures and digestion times.
1.2.3 To determine heavy metals (copper, chromium, iron, manganese,
nickel and zinc) contents in lichens using the AAS and ICP-MS techniques.
1.2.4 To test chlorophyll in lichens using UV-Visible spectrometry.

1.2.5 To compare amounts of heavy metals from individual lichen species,

places and months by using one-way ANOVA.

1.3 Hypothesis of Research

1.3.1 The proposed digestion method should be effected for heavy metals
determination and have high digestion efficiency, good percentage recovery (% R) and

low percent relative standard division (% RSD).
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1.3.2 Different lichen species, sites and months should absorb different
amounts of heavy metals.

1.3.3 Different lichen species, sites and months should have different amount
of chlorophyll degradation.

1.3.4 The urban sites should be contaminated with more pollutants than the

rural site.

1.4 Benefits of Research

1.4.1 High enrichment of metals from sample, high digestion efficiency, low
chemical consumption and cost analysis could be obtained from the proposed method.

1.4.2 The amounts of heavy metals in individual lichen species, sites and
months could be known.

1.4.3 Accumulation heavy metals in lichens from Mukdahan and
Mahasarakham province could be known.

1.4.4 Chlorophyll degradation in individual lichens could be known.

1.4.5 The results of this research could be used to evaluate environmental
conditions as well as given an assessment of air pollution and be used as a reference for

further study.

1.5 Scope of Research

1.5.1 Identification of obtained lichen species.

1.5.2 Lichens from Mukdahan and Mahasarakham provinces were selected and
used to determine heavy metals by the AAS and ICP-MS techniques and testing
chlorophyll by UV-Visible spectrometry.

1.5.3 Optimization of conditions of digestion method such as amount of nitric
acid, temperature and time for heavy metals contamination in lichens were studied.

1.5.4 A suitable digestion method was applied to the determination of heavy
metals in lichens.

1.5.5 Heavy metals and chlorophyll contents in individual lichen species from,

different sites and different months were compared.
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CHARTER 2

LITERATURE REVIEW

2.1 Histories of lichens

Lichens were recognized in previous centuries by many lichenologists, they
endeavored to describe and classify lichen species. At the beginning of the 20™ century,
Zahlbruckner studied the classification of lichenized fungi and published his results,
unfortunately his system was similar to Vainio’s. Nevertheless, his study had a very
good impacted on the classification of lichenized fungi. Euascomycetous fungi were
divided at the systematic level into two separations about equal systems, one of the
system of lichen fungi had the 13,500 species of the Euascomycetous. Therefore, nearly
half of the approximate 28,000 Euascomycetes species are lichenized (Tehler, 1996).

The lichens based on their sysbiotic life form and composite thalli. The name
of lichens was set by convenience, but there were some inaccurately named that need to
be reclassified (Galun, 1988). The components of lichens are organisms, consequently
they, can not be distinguished into natural systems as they have phylogeny. At the
present time, lichen fungi are classified together with other chitinous fungi and

incorporated into common fungal system (Tehler and Wedin, 2008).
2.2 Symbiosis

Symbiosis is composed of two words derived from Greek “sym”: together and
“biosis”: living, which is described as two or more dissimilar organism living together
in the same situation to extend their period of life. It is generally consisted to be
between a fungal partner (mycobiont) and photosynthetic partner (photobiont);

sometimes, lichens are symbioses involving three or more partners (Nash, 1996).
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2.2.1 Algae (photobiont)

There are nearly forty genera of algae and cyanobacteria that have been
reported as photobionts in lichen; however, three genera Trebouxia, Trentepohlia and
Nostoc, are the most frequent photobionts (Figure 2.1). The genera of Trentepohlia and
Trebouxia are eukaryotic and belong to the green algae, the genus Nostoc belongs to the
oxygenic photosynthetic bacteria (cyanobacteria). Eukaryotic photobionts are referred to
as “phycobiont”, the cyanobacterial photobionts are sometimes called “cyanobionts”, as
shown in Table 2.1 (Nash, 2008). The functionally eukaryotic photobionts belong to the
green algae (phylum Chlorophyta) which have many similar cytological features and
pigmentation. There are two genera of eukaryotic photobiont containing chlorophyll A
and C that have been reported as Heterococcus, Xanthophyceae, Petroderma and
Phaephyceae (Friedl and Budel, 2008).

o N

Y P
Ny’ .
L7 Trebouxia

Blue-green Algae

Figure 2.1 The forms of photobiont; (a) Trentepohlia, (b) Trebouxia, (c) Nostoc and
(d) Hyphae (Source: Ramel, 2000).
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Table 2.1 Genera of cyanobacteria identified from lichen arranged according to

taxonomix characters (Source: Nash, 2008).

“Botanical” “Bacteriological”
System System

Taxonomical characters

1. Unicellular
a. Binary division only

Gloeocapsa, Chroococcus
Cyanosarcina, Entophysalis

Chroococcales? Chroococcales

b. Binary division + multiple fission Chroococcales® Pleurocapsales
Nanocytes immotil
Chroococcidiopsis
Nanocytes motile
Myxosarcina, Hyella

2. Filamentous with heterocyste Nostocales
a. Nonbranched
Nostoc
b. False branching, no tapering Nostocales

Trichomes Nostocale, Scytonema

c. False branching, tapering trichomes Nostocales
Calothrix, Dichothrix

d. True branching Stigonematales
Stigonema, Hyphomorpha

® The order chroococcales is subdivided into seven families in the *‘botanical’> system.

2.2.2 Cyanobacteria

Cyanobacterias are prokaryotic in nature and they do not have chloroplasts,
mitochondria or a nucleus. In the cyanobacteria, thylakoids live free in the cytoplasm,
often more than restricted to the periphery. The circular DNA is not associated with
histones and is concentrated in the areas of the cytoplasm that are free of thylakoids,
which is sometimes called the nucleoplasm (Friedl and Biidel, 2008). The filamentous
form cannot be recognize within the lichen thallus in the genus Dichothrix (Figure 2.2
a). The branch of the filamentous cyanobacterial genus Stigonema (Figure 2.2 b) and
non branch genus Nostoc (Figure 2.2 ¢) can often be identified within the lichen thallus.

Moreover, cyanobacteria do not show all stages of their life cycles when lichenized
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(Honegger, 2000). Isolation and cultivation of the cyanobacterial photobiont are
necessary steps for positive identification. Cyanobacteria with heterocysts like Nostoc
(Figure 2.2 c) increase their heterocysts five times when lichenized, compared with the
free-living genera Gloeocapsa (Figure 2.2 d). An increase of cell size can be a result of
very close mycobiont / photobiont contact, as in the deep penetrating haustoria.

This can be seen clearly in the vegetative trichome cells of Scytonema
within the lichen Dictyonema sericeum (Figure 2.2 e). The uni-cellular cyanobacterial
photobiont genera Chroococcidiopsis and Myxosarcina, very rarely show their specific
mode of reproduction when lichenized, but frequently show these stages when cultured
(Figure 2.2 ) (Friedl and Budel, 2008).

S

J;"

Figure 2.2 Light microscopy of cyanobacterial photobionts; (a) Dichothrix,
(b) Stigonema ocellatum, (c¢) Nostoc, (d) Gloeocapsa sanguinea,(e) Scytonema and
(f) Myxosarcinas (Source: Nash, 2008).

2.2.3 Green-algae
The green-algae photobiont is known as coccoid (Figure 2.3 a-g). There are
Sarciniod or filamentous forms (Figure 2.3 i-n), and in terms of green algae,
filamentous (Figure 2.3 m) forms are often reduced to short filaments becoming unicells
(Figure 2.3 f) within thalli (Lumbsch and Leavitt, 2011). Some algae are unicellular and
others multi cellular, sometimes being make up of a million cells. The distribution of
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algae in nature is vast with most groups growing in aquatic habitats. Algae can be
categorized by where they grow; some algae grow on plants, soil or animal, whereas
epiphytic algae grow on fungi (Friedl and Budel, 2008).

W @ 4
b Qor
%b "@

' (ﬂﬁi

Figure 2.3 Trebouxia and other coccoid species, lichenized and in culture;
(a) Trebouxia gigantea, (b) Trebouxia sp, (c) T. arboricola, (d) Gelatinosa,
(e) Asterochloris (f) Coccomyxa subellipsoidea, (g) Myrmecia biatorellae,
(i) Dictyochloropsis, (j) Elliptochloris bilobata, (k) Leptosira obovata, (I) Trentepohlia,
(m) Trentepohlia sp and (n) Dilabifilium arthropyreniae (Source: Nash, 2008).
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2.3 Lichen classification

The main characteristics of lichens can be arranged in to three orders,
Ascolichenes, Basidiolichenes and Gasterolichenes (Crespo et al., 2010). Ascolichenes
are spore-sacs formed by a process of free cell formation, Basidiolichenes are formed
exogenously by the abstriction of the end of specialized hyphse and Gasterolichenes are
formed exogenously on basidia with in specialized cavities (Nash, 2008). According to
the basic nature of lichens, they are divided into two groups:

Group 1: Ascolichens

Lichen in this group are composed with fungal as an ascomycete, they are
subdivided into two subgroups:

a). Gymnocarpae-Ascocarp (Apothecium type)

b). Pyrenocarpae-Ascocarp (Perithecium type)

Group 2: Basidiolichens

This group is composed of the fungal partner Basidiomycete, division of this
group refer to habitat that can be used to divided them into three groups:

a). Saxicolous-predominantly grows on stone or rock

b). Corticolous-generally grows on the bark of trees

c). Terricolous-terrestrial in the nature

The following terms are also sometimes adopted by lichenologists, lichens can
be distinguish into the groups that are homoeomerous or heteromerous, according to
the nature of algae, lichen can be divided into three groups as crustaceous, foliose and
fruticose (Mukerji et al., 1999).

2.3.1 Crustose or Crustaceous

Crustose lichens are tightly attached lower substrate surface such as bark
and rock as shown in Figure 2.4 (Budel and Scheidegger, 1996). Water loss is restrict
primarily to the upper and exposed surface. The subtype of the crustose as powdery,
endolithic, endophloeodic, squamulose, peltate, pulvinate, lobate, effigurate and
suffruticose crusts (Printzen et al., 2008). Powdery crustoses are found in lichen genera
Lepraria which was simplest and lack organism in the thallus. Endolithic and
endophloeodic lichen are organism, the upper cortex consist of dense hyphae forming a

layer named “lithocortex” Acrocordia conoidea, Petractis clausa, Rinodina immersa,
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Verrucaria baldensis and Verrucariamarmorea; other endolithic lichens like Verrucaria
rubrocincta form a micrite layer with only a few hyphae. The effigurate is a kind of
thallus where the margins are prolong as in many genera Caloplaca, Dimelaena,
Acarospora and Pleopsidium (Lumbsch and Leavitt, 2011). The squamulose type of
crustose lichens often develop overlapping genera Catapyrenium, Peltula, Psora and
Toninia. The peltate type is developed colonize soils or rock surface. A lobate thallus is
developed by some species within the genera Caloplaca and Lecanora. Most crusrtose
lichen are drough-resistance and well adapt dry climate (Budel and Scheidegger, 2008)

Figure 2.4 The forms of crustose lichens; (a) Arthopyrenia halodytes, (b) Anemaum
mularnium, (c) Mobergia calculiformis, (d) Vezdaea rheocarpa, (e) Intracellular and

(f) Laurera benguelensis (Source: Bidel and Scheidegger, 1996; Ramel, 2000).

2.3.2 Foliose or foliaceous

Foliose lichens are leaf-like, flat attached to the substrate surface, either
homoiomerous (gelatinous lichens) or heteromerous, the foliose thalli develop showing
a great deal of size and diversity (Bechtel et al., 2002). Laciniate lichens are typical
foliose lichens that vary considerably size; they maybe either gelatinous-homoiomerous
(Collema, Leptogium, Physmam in Figure 2.5 d) or in most cases heteromerous (Plata
and Lumbsch, 2011). The lobe in the lichen can be arranged (Parmelia species Figure
2.5. a, b and f) or overlapping like tile, in some genera, thallus lobe can become inflated
have a hollow medullar center (Menegazzia in Figure 2.5. ¢) (Budel and Scheidegger,

2008). Umbilicate lichens have circular thalli consisting either one single un branched
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lobe or multi lobate thalli with limited branching patterns. Umbilici have apparently
evolved several times such unrelated group as the Dermatocarpaceae, Parmeliaceae,
Physciaceae and Umbili-cariaceae. Foliose (Foliaceous, Fron-dose) type contain
expanding different thalli having an upper outside cover layer, this description includes
warty isidiod and squamose thalli (Zotz and Schleicher, 2003). The foliose thallus is
variable which is a small lens for detection in Dermatocarpon thalli reaching maximum
development in Gyrofhora and Umbilicaria. Foliose thalli are typically of Dorsiventral,
the upper portion turns toward the sunlight are primarily adapted to perform the
function assimilation. In contrast, the lower portion is adapted to absorb food nutrients
(Albert, 1897).

Figure 2.5 The forms of foliose lichens; (a) Parmelia pastillifera, (b) Parmelia sulcata,
(c) Menegazzia pertransita, (d) Physma byrsaem, (e) Intracellular and (f) Parmotrema
tinctorum (Source: Budel and Scheidegger, 1996; Ramel, 2000).

2.3.3 Fruticose or filamentous
The fruticose lichens are hair-like, strap-shaped or shrubby and the lobes, in
some, are flat or cyclindrical. Some group have dorsiventrally arranged thalli
(Sphaerophorus melanocarpus, Evernia prunastri), but the majority possess radial
symmetric thalli (Sphaerophorus globosus, Usnea species Ramalina species; Figure 2.6.
¢, d and f) (Budel and Scheidegger, 1996). The branching pattern of lobe varied among

distinct groups and a single genus, the fruticose lichens are found in a wide climate,
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such as desert, humidity of wet rain forest and on various types of substances, highly
branched fruticose lichens have a high substrate ratio which benefits in more rapid
drying and wetting pattern compared to lichens having lower surface to volume
proportion (Blidel and Scheidegger, 2008).

Inside the fruticose thalli of lichens are able to conduct substances by physical
mechanism along with hyphae, this tissue is formed hollow cylinder in Podetia or
Cladonia or solid substance as Usnea. The cells are distributed in all part of fruticose
branches. Also the cell-wall of the fruticose tissue are much less gelatinized than those
of the cortical cells (Papong et al., 2011). There are several well-marked differences
between the foliose and fruticose types. The most important of the fruticoses are best
adapted structural function than foliose thalli. There is little doubt that the fruticose
thallus has been phylogeneticall derived from higher crutaceous forms (Albert, 1897).

Figure 2.6 The forms of fruticose lichens; (a) Cladia retipora, (b) Cladoniacoccifera,
(c) Ramalina pollinaria, (d) Usnea filipendula, (e) Intracellular and (f) Ramalina
pacifica (Source: Budel and Scheidegger, 1996; Ramel, 2000).

2.4 Elemental accumulation and mineral

Many organism accumulate and process both micronutrient and macronutrients
important for life, the physical and chemical function of main nutrient to grow and

develop lichens. Lichen do not have procession roots (Rezanka and Guschina, 2000).
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Nutrient came to lichen by absorption system similar to vascular plants from the
atmospheric source of nutrient or from soil and airborne contamination of chemical ions
(Aslan et al., 2004). There are several ways to receive nutrient from the source of
chemical where are factories, nuclear industry and agriculture, all chemical or chemical
ion spread out to the atmosphere, water, soil and food chain. In more recently years,
scientists interested in using lichens to study the region deposition metals and other
atmosphere contaminates (Nash, 1996).
2.4.1 Mineral cycling ecosystem

Mineral recycling can be divided into two phases of intra-system and
intersystem cycling (Bennett and Wetmore, 2003). The intra-system cycle concerns
nutrients moving within ecosystem and intersystem cycle involves the flux of nutrients
between ecosystem and their interconnection with global cycles as shown in Figure 2.7
(Nash, 2008).

Nutrient cycles

Intersystem Intrasystem Intersystem
inputs outputs

Wet deposition Volatilization
Dry deposition Leafhing Absbrption Resuspension
Litterfall __—%
Gaseous uptake Streams
Weathering Groundwater

Figure 2.7 Conceptual diagram of the intra and inter system nutrient cycles of an

ecosystem (Source: Nash, 2008).

2.4.2 Chemical properties of nutrients and metals
Nutrients are essential for organisms and plants existing primary as ions,
either positively charged cations or negatively charged anions, Negatively charged
anions are formed by carboxylic and hydro carboxylic acid ions binding with structural
polysaccharides in the cell wall (Andrzej et al., 2007). Positively charged cations

binding site are assumed to be responsible for the cell walls exchange capacity in
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lichens. Absorption from outside to the cytoplasm occurs as well as external solution,
metabolism of the nutrient with in the cytoplasm is covered basic physiology and
biochemistry (Nash, 2008).

2.4.3 Sources of nutrients

Atmospheric interaction of lichen ecosystem occurs in precipitation and
accumulation, absorption and sedimentation; precipitation is very important to lichen
both nutrients and moisture (Simonetti et al., 2002). The concentration of contamination
and nutrients in precipitation may be substantially higher than in rainfall because more
dilution occurs in the formation rain. Sedimentation of large amount aerosol
contamination in lichen thalli is demonstrated by comparisons chemical properties.
Atmospheric aerosols directly from the air and nutrients particle attack the cortex of
lichens (Nash, 1996).

Many lichens occur on tree, rock or soil. Therefore, they are contact with
the source of nutrient, it can affect weathering of rock and bark surfaces by both
mechanical and chemical. The higher pH and greater availability in calcium of
limestone is different compared to acid rocks. The solubility of nutrient is effected by
pH and availability of nutrients may cause differences between acidic and limestone
rock. That different lichens communities occur on limestone versus acidic rocks is not
surprise (Toppia et al., 2007). Therefore, on gypsum, surface a few lichens occur at high
concentration such as Acarospora, clauzadena (Sensen and Richardson, 2001). Most
lichens which is occur on rocks and soil are affected by blown dust, This soil can be
rapidly incorporated intracellular within lichens and results in relatively high
concentration of aluminium, iron, scandium, titanium and other element of lithic origin
with the thallus.

Solubility of these particles is potential of nutrients but this process is very
low and most elements is very low remain unavailable (Boamponsem et al., 2010). It is
essential separate between total elemental concentration as ions and solubilized
concentrations. The contribution of soil particles to total element loading of lichens can
be assessed by comparing ratios of micro or macronutrients to inert elements as
scandium or titanium; element such as potassium readily leach from foliage

subsequently taken up by epiphyte (Nash, 2008).
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2.4.4 Accumulation metabolism

Lichen lacked vascular system and root. Consequently, most lichens do not
have upper cortex layer of interwoven fungal hyphae. Elemental exchange in the lichen
happens across the entire lichen surface (Woess et al., 2005). First of all, cation uptake
is a rapid physicochemical process occurring extracellular in lichens. Saturated levels
are reached in a matter of time as, capillaries retains cations with the cell wall. For
example, the ionic uranyl complex (UO,L,*) accumulated much more slowly than
uranyl cations (Nash, 1996). The study of metallic deposition in lichens was done with
several source of metallic smelted far way from industrials area; mostly metals
deposition in lichens were used to evaluated atmospheric quality (Carreras and Pignata,
2001). When lichens deposited toxic metals, they grow and maintains uniform
morphology with time. Consequently, the vascular plant do not shed. The lack of waxy
and associated stomata, which occur on vascular plant leaves are related to many
contaminants absorbed over the entire lichen surface (Gonzalo, et al., 2012).

2.4.4.1 lon exchange

The primary of metallic ions are cations, their uptake is rapid, passive

and physicochemical process occur extracellular (occurring outside the cell) in lichen.
Saturate levels and capacity to retain cations in the lichen occurs in the cell wall are
evaluated vary between 6 to 77 pmol g™, these cations can be retained in the external
photobiont or mycrobiont’s plasma at cation exchange sites (Schmull and Hauck, 2002).
Anion are absorbed by lichen but this had only been investigated to a limited degree.
Anion absorption is a slower process than cation exchange and produces a lower total
accumulation. For example, anionic uranyl complex (UO,L,*) accumulated less than
uranyl cation, the total uptake of anions were (1.6 pmol g and 49 pmol g™) less than
cations. In contrast, the uptake of arsenic anion form H,AsO,4 was greater than 10 umol
g™ (Nash, 1996).

2.4.4.2 Intracellular uptake

In contrast to ion exchange uptake, intracellular uptake concerned with a

flux than external anion exchange process. For example, intracellular absorbed
cadmium ion less than 10% of total uptake according to Brown and Beckett

investigation in 1985 (Nash, 1996). It takes several hours because intracellular uptake
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showed saturation kinetic with increasing external concentration of cadmium (Mendil et
al., 2009).
2.4.5 Accumulation of smelted lichen

Smelting is source of high metal concentration to organism or lichen
(Armstrong, 1996). In most case, concentrations are found near the pollutants source,
the concentration will decrease or increase depending on the distance from the source
(Pacheco et al., 2007). Another ways of assessing possible effect of earth crustal
(Equation 2.1) element contribution loading within atmosphere (Andrzej et al., 2007).
One solution is to use procedure for calculating enrichment factors (EF) for any element

(X) in the lichen relative crustal rock or soil following this formula:

(X/reference element) in lichen
EF = : (2.1)
(X/reference element) in crustal rock

Scandium and titanium are used as indicator of crust material because they
have no biological function and aluminium may use the same function (Nash, 1996).
Puckett and Finegan used scandium in their investigation in Canada; they found that the
elements aluminium, chromium, cobalt, iron, sodium, titanium and vanadium had
means of EF proportion less than 5. In contrast, EF value of other elements were higher
for chloride in Thamnolia subuliformis. EF value of general elements are 100 for 14
common lichen species including antimony, chloride, lead and sulfur (Grangeon et al.,
2012).
2.4.6 Deposition of inorganic ions to lichens
The source of metals is not limited deposition but also include anion
deposition from acid rain and organic association from agriculture, industrial activities.
For example, both Takala (1985) in Finland and Bruteig (1993) in Norway reported
sulfate deposition gradient from the south to the north of their countries (Nash, 2008).
While southern regions of USA, nitrogen pollutants from wvehicular traffic in Los
Angeles was reported by Boonpragob (1989) which deposited to levels lichens over 170

mmol g™ ten weeks during the summer caused by nitric acid (Riddella et al., 2007).
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2.4.7 Deposition organic to lichens

Most organic pollutants do not appear or occur in nature (Nash, 2008). From
the South to the North of Canada, the gradient of several chemicals as chlorinated
hydrocarbons, polychloronate biphenyls (PCBs) and chlorocyclohexane (HCHS)
isomers was established by Muri in 1993 (Edwards et al., 2003). Similarly case of
Carlberg of Norway it was found several gradient of chlorinated hydrocarbons,
phthalates and polyaromatic hydrocarbons (PAHSs). Polychlorinated biphenyls (PCBs)
have been investigated by Garty et al., 1982 in Israel (Nedi¢ and Stankovi, 1999).
Chlorinate hydrocarbon are widely used as pesticide and it has entered the earth’s
biologeochemical pathway with accumulation in lichens such as in Antarctica Organic
matter decomposition is most important microbial activity in the biosphere; this activity
ranges from simple compound such as sugars, organic acid and amino acid to more
complex molecule that need extracellular enzyme to break down their structure (Gadd,
2006; 2010).

2.4.8 Metals toxicity

Toxic metals mostly occur near mines, factories or agriculture, all of these
activities are source of toxicity; they have leaked toxic metals to environment areas. The
toxic effect depends on amount of metals contamination and limits of tolerant lichens
(Sanchez, 2008).

There are several toxic elements such as zinc, cadmium, mercury (Nash,
2008). Accumulation toxic metals in plants or lichen depends upon several factors such
as the availability of elements, characteristics of lichen or plants as species, age, state of
health, type of reproducibility and temperature, moisture. These factors direct and
indirect effect to plants and lichens (Conti and Cecchetti, 2000).

2.4.8.1 Chromium (Cr)

Chromium is commonly used in industrial applications, such as in
tanning processes, electroplating, pigmentation, textile dyeing, or as a catalyst for
corrosion inhibitors and wood preservatives (Bingol et al., 2009). Chromium is also
essential nutrient that potentiates insulin action and thus influences carbohydrate, lipid
and protein metabolism (Anderson, 1988). It probably works closely with the hormone
insulin to help cells take up glucose and break it down for energy (Mitchell and Gu,

2010). Most adult human tissues contain chromium levels at 0.02-0.04 mg kg™ on dry
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basis. The total content in the body of adult man is estimated to be less than 6 mg
(Underwood, 1971). Chromium concentrations in vegetable tissues range from 0.01 to 1
mg kg™, with levels in most plants lying between 0.1 and 0.5 mg kg™ (Garty,1987).

Chromium exists in several oxidation states, the most stable and common
forms are the trivalent Cr (111) and the hexavalent Cr (V1) species, which display quite
different chemical properties. Cr (VI1), considered the most toxic form of chromium, is
usually associated with oxygen as chromate (CrO,*) or dichromate (Cr,0-*) ions
(Uluozlu et al, 2008. The effect of Cr (V1) is toxic to plant and lichen. Lichens have a
remarkable ability to absorb the heavy metal (Cr) from their external and on the surface
of thalli to accumulate in the internal cellular. The toxic chromium is related to
oxidative damage, which can be promote both by a direct increase in the cellular
concentration and a decrease in the cellular antioxidant capacity which decrease lichen
diversity (Unala et al., 2010).

2.4.8.2 Copper (Cu)

Copper is widely distributed in biological tissues, where it occurs largely
in the form of organic complexes, many of which are metalloproteins and function as
enzymes (Monnet et al., 2006). In humans, acute copper poisoning is rare and usually
results from contamination of foodstuffs or beverages by copper containers or from the
accidental ingestion of copper salts (Chaignon et al., 2002). Dietary sources of copper

(> 2 mg kg™) include seafood, organ, legumes and nuts (Gregory, 1990). Recent studies

based on the analysis of duplicate diets suggest that the actual intake of adults may be in
the range 1-1.5 mg day™ (Garty and Ammann, 1987)

Copper present in industrial wastes is primarily form of bivalent Cu (1)
as a hydrolysis product, CuCO;3 (ag) or organic complexes (Guschina and Harwood,
2006). Copper (1) ions in water may cause toxic and harmful effects to living
organisms and consumers (Ekmekyapar et al., 2006).

Several industries, for example, dyeing, paper, petroleum, copper brass-
plating and copper-ammonium rayon, release undesired amounts of Cu (I1) (Kovacik et
al., 2010). Cu (I1) concentrations approach 100-120 mg kg™, this value is very high in
relation to water quality standards and Cu (I1) concentrations in wastewaters should be

reduced to a value of 1.0-1.5 mg kg™ (Carreras and Pignata, 2007).
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Heavy metal ions are responsible for photobiont and mycrobiont of the
lichen at cell wall and hymenium, the tolerance to heavy metal of lichens depend on
their species (Backor et al., 2010). Low molecular weight of metallothioneins of lichen

bind heavy metals through cysteine residues and in the algae sulfhydryl of compound
reverse the toxicity of Cu (I1) by reducing to Cu (I) and forming a Cu (I)-S-complex
(Backor et al., 2003), whereas increasing copper uptake in lichen cell can reduced
potassium uptake resulting in reduced lichen species (Wang and Robert 2005).

2.4.8.3 Iron (Fe)

There is a total of about 4 g of iron in the body. About 60-70% of this
iron is found in haemoglobin and the related myoglobin (Rowsell et al., 1989). Vitamin
B12, ascorbic acid and copper also play an important role in the effective utilization of
iron, consequently have an influence on daily requirement (Aslan et al., 2004). Good
dietary sources of iron are meat, which on average provides 25% of the intake
(especially liver and kidney), egg yolk, bread, flour and other cereal products, potatoes
and vegetables (Lodenius, 1983). Iron is found in cereals, but due to refining, 50% may
be lost. Some natural drinking water contains quite high levels of iron (Garty and
Ammann, 1987). If water is stored in iron tanks or passes through cast-iron pipes,
concentrations of iron may be reached (Fleck, 1972).

Lichens are asses photobiont and mycrobiont. Therefore, iron bearing-
metal mineral are mostly in the medulla and attached between hyphae and algae but not
accumulate in the cell and polysacharides. Metal (iron) can be bound to melanin like
pigment of plant or lichen, this reaction will be disturbed in physical and chemical
aspects of the lichens (Takeshi et al., 2003)

2.4.8.4 Manganese (Mn)

Manganese has been shown to be an essential element in every animal
species (Underwood, 1971). It is found in the liver, skin, bones, kidney, organs and
muscles of animals, the human body has about 12 to 20 mg manganese in a 70 kg man
(Garty and Ammann, 1987). This quantity is only one-fifth of the estimated total copper
and one hundredth of the zinc (Hauck et al., 2002)

Whole grains and cereal products are the richest dietary sources of
manganese, then fruits and vegetables with somewhat less. Dairy products, meat, fish

and poultry are poor sources (Nash, 2008). Tea is a rich source of manganese, but
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typical drinking water consumed at the rate of 2 | daily contributes only about 40 to 64
ng or about 2- 3% of the amount furnished by diet. A provisional daily dietary
manganese intake of 2 to 5 mg is recommended for adults (Nakayama et al., 2001).

In plant and lichen, manganese can reduce the concentration of
chlorophyll a and b and soredia in foliose lichen (Hauck et al., 2006). The chlorophyll
content correlated with the ability of the soredia grow, when the increasing manganese
concentration is conducted to reduce the folios (Hauck et al., 2003).

2.4.8.5 Nickel (Ni)

The nickel containing enzymes found in plants and microorganisms,
namely urease, hydrogenase, methylcoenzyme reductase and carbon monoxide
dehydrogenase (Kirchgessner et al., 1985). Ni (I1) intake over permissible levels results
in different types of disease such as acute and chronic disorder in man, pulmonary
fibrosis and renal edema, and skin dermatitis such as severe damage to lungs and
kidney, and gastrointestinal distress, different types of biomass different amounts (Sari
et al., 2007).

Total dietary nickel intakes of humans vary greatly with the amounts and
proportions in food of animal (low-nickel) or plant (high-nickel) consumed.
Approximately half the total daily intake of nickel is usually derived from the
consumption of bread, cereals and beverages (Garty and Ammann, 1987). A recent
report indicate that diets often provide less than 150 pg kg™ of nickel daily. Available
information indicates that most monogastric animals have a nickel requirement of less

than 200 pg kg™ (Nielsen, 1988). It is reasonable to suggest a basal nickel requirement
of less than 100 pg kg™ daily for adults (Carreras and Pignata, 2007).

Nickel is an essential “ultramicronutrient” found to be the active center
of urease and cofactor of one superoxide dismutase isoform (Hebe et al., 2007). Its
“natural” (baseline) content in plants is usually low, ranging from 0.05 to 10 mg kg™
plant dry weight (Medil et al., 2009). The toxicity of nickel to lichens has been
investigated and studied to observe a negative correlation between the total nickel
content in thalli of Ramalina lacera transplanted close to a pollution source and

chlorophyll integrity (Backor et al., 2010).
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2.4.8.6 Zinc (Zn)

Zinc is generally found in the body in the liver, muscle, bones, skin and
blood (Pawlik-Skowronska and Backor 2011). It has very important function in the
reaction of certain enzymes. The whole body of a 70 kg man is estimated to contain 1.4
to 2.3 g of zinc. Good sources of zinc include red meat, liver, kidneys, whole grain
cereals, eggs, shellfish, nuts and cheese (Fleck, 1971).

Zinc absorption is better from animal sources than plant sources owing to
phytic acid (Nash, 2008). An evaluation of the most reliable balance studies indicates
that at least 12 mg of zinc in a mixed US diet is required to maintain the existing zinc
status of a healthy young man (Shiel et al., 2010). The recommended allowance for men
is set at 15 mg day™, the allowance for women, owing to of their lower body weight is
set at 12 mg day™ (Gyoryod et al., 1995). In term of plant and lichen accumulated level
of zinc in excess of physical requirement in close correlation with atmospheric
concentration levels, the amount of zinc accumulated by lichens depends on
morphological and structural features well as eco-physiological properties (Godinho et
al., 2009).

2.5 Environmental role of lichens

The role of lichens is appearance in the biosphere and ecosystem of nature
effecting the environment, their roles are potential organisms of the micro and macro-
organisms unique to develop atmosphere as well as air and, soil (Gonzfilez and
Pignata,1997). The role biological weathering (Guschina et al., 2003). The lichen do not
appearance where is atmosphere has large amount of pollutants, lichens are natural
sensors of our changing environment the sensitivities of particular lichen species and
assemblages are a very broad spectrum of environmental conditions (Rogers and Ryel,
2007). Therefore, lichens are used increasingly in evaluating threatened habitats in
environmental perturbations, particularly those resulting from a disturbingly large and
growing number of chemical pollutants (Krishna et al., 2003). Moreover, lichen
undoubtedly represent one of the most successful forms of symbiosis in nature
(Seaward, 1996).
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2.6 Lichens as indicator of air pollution

All lichens are recognized as indicator of air pollution as they very sensitive air
pollutants (Jovan et al., 2009). This procession occurred in 1800s in European cities
such London, Munich, Stockholm and Paris when lichens disappeared in urban areas
(Paoli et al., 2012). At the beginning of 1900s, these cities were affected pollutant from
coal soot distribution (Gries, 1996). Colorless gas and sulfur dioxide became recognized
as principle phytotoxic agent (Kéaffer et al., 2012). In recent years air pollutants have
become much wider and include oxidant, hydrogen fluoride, some metals, acid rain and
organics, certainly document list of potential toxic substances have not yet clearly
described (Szczepaniak and Biziuk, 2003). The high sensitivity of lichens is related to
their biology. Most organisms include perennials and animals, they are target of the
accumulative effect of pollutants (Fleck,1971).

Lichens sensitive to pollutants because there is no vascular system for
conducting water or nutrients unlike plants (Ayrault et al., 2010). Therefore, they have
developed efficient mechanisms water and nutrients from atmospheric sources (Loppi et
al., 2001). Fog and dew are major water source for lichens, often have much high
pollutant concentrations than precipitation (Demiraya and Yolcu, 2012).

Unlike many vascular plants. Lichens do not have deciduous parts. Hence, they
cannot avoid pollutants by shedding parts. Consequently, aerosols may be absorbed
over the entire thallus surface (Saipunkaew et al., 2005). Thus, lichens have little
biological control over gas exchange and air pollutants can diffuse down to the
photobiont layer. Meanwhile, dehydration of lichen occur (Zhanga et al., 2002). This
has led to high concentration solution that reach a toxic point, finally alteration of the
symbiotic equilibrium between the photobiont and mycrobiont may lead to breakdown
of the lichen association (Nash, 2008).

2.6.1 Cause of lichen death

When healthy lichen change environmental urban atmosphere with pollution
and toxic metals or other materials. The green-algae will fade in a few months and
lichen dies (Carballal et al., 2001). There are many pollutants in the cities such as fume
from vehicles and houses, waste, soot, etc, but one major toxic chemical is sulfur

dioxide (SO,) which was usually considered as primary causative agent (Hauck et al.,
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2009). The deleterious effect of sulfur dioxide had been proved in laboratory
experiment by Rao and Leblance in Canada, they tried to control amount of sulfur
dioxide at various humidity and found the algal components were extremely sensitive to
injury by sulfurous acid (H,SOs3) and sulfur dioxide (Lee and Parsons, 1999).

Chlorophyll-A was converted to phaeophy by the loss of magnesium at very
high concentration the direct action of sulfurous acid caused irreversible damage to cells
(Ulshofer and Rosne, 2001).

Since lichens have less chlorophyll than other plants, small amounts of
sulfur dioxide can reduce the delicate balance between their efficient mechanisms for
accumulation and also balances their susceptibility to atmospheric pollutant (Loppi et
al., 2001).

2.6.2 Determination metals in lichen

Approximately 75% of the elements in the periodic table are metals and can
be found every where on the earth crust and atmosphere forming aerosol and particle
(Gadd, 2006). Many metals are essential for life such as sodium, potassium, copper,
zinc, cobalt, calcium, magnesium, manganese and iron (Hawsworth et al., 1979). There
are some metals caesium, aluminium, cadmium, mercury and lead not essential
metabolic function, all of these metals can accumulated (Michell and Gu, 2010).

There are several method to determine heavy metals or inorganic
compounds from the target sample contaminating toxic metals such as water, ground
water, soil, vegetables and animal tissue (Bajpai et al., 2011). Instrumental analysis
technique will be requited after sample preparation. Instrumental technique is one of the
famous technique because it has short time analysis, good efficiency and low capacity

detection (ppm, ppb and ppt) (Carreras and Pignata, 2001).

2.7 Chlorophyll

Photosynthesis in plant, moss and lichen is driven by the energy of light
(Bjerke et al., 2005), which is collected by the photosynthetic pigments (Hajek et al.,
2012). Chlorophylls are the pigments essential for photosynthesis because the
photochemical reactions exclusively special types of chlorophyll for electron transfer

(Valladaress et al., 1996). The role of chlorophylls in light capture has sustained a

¥ Mahasarakham University



24

remarkable interest since plants may increase light absorption by increasing their
chlorophyll density (Chettri et al., 1997). In term of fluorescence, chlorophyll
fluorescence is the absorption of blue or red photons by the chlorophyll molecule and
emission of far red photons (Kranner et al., 2000).

Chlorophyll is located in the photobiont cells of plant or lichen and decreases
when heavy metals enter most their cells (Garty et al.,1993); because heavy metals are
predominantly bound extracellular cation exchange sites on the cell wall and impair
plant or lichen metabolism which is related to reducing chlorophyll in lichen (Kupper et
al., 1996). Thus, lichen are an indicator that used environmental index of air pollution

over the last several centuries until the present time (Deltoro et al., 1999).

2.8 Instrumental analysis

2.8.1 Flame atomic absorption spectrometry (FAAS)

The sample solution is pumped to the spray chamber through a flame, and
converted to atom vapor (Pollard et al., 2007). The flame contains atoms of elements,
some elements are thermally excited by the flame but most remain in the ground state to
the excite state (Eo —E;), these ground state atoms can absorb radiation of particular
wavelength that is produced by a special source made from the element. The
wavelengths of radiation given by the source are the same as those absorbed by the
atoms in the flame (Lajunen, 1992). The main composition of AAS instrument includes
a hollow cathode lamp, beam chopper, burner, grating (mono-chromator),

photomultiplier and readout shown in Figure 2.8 (Pollard et al., 2007).
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Figure 2.8 Schematic of atomic absorption spectrometer (Source: Lajunen, 1992)

2.8.2 Inductively coupled plasma-mass spectrometry (ICP-MS)

ICP-MS has been used as a very popular method of analysis because it is
modern instrument and several advantages over other techniques, rapid, with simul-
taneous and quasi simultaneous instruments being available, it offers improved
sensitivity over many of the other techniques for most analytes and the mass spectrum
produced from any sample is simple than that obtained from an emission instrument
(Pollard et al., 2007).

Inductively coupled plasma-mass spectrometry was developed in the 1970s
and used an atmospheric pressure microwave plasma and commercial instrumentation
was available in the 1980s. It is a coupling of an ICP with mass spectrometric detection
(Ebdon et al., 1998); as the principles behind the sample introduction and the processes
of plasma formation and dissolution, dissociation, atomization and ionization within the
plasma. The sample introduction systems can be used both ICP-MS and ICP-OES.
Similarly, plasma procession in these techniques are also identical (Karakas, 2007).
However, all ICP-MS instruments detect the analytes according to a mass to charge

ratio (m/z). For any signal to be detected, the analytes must become ionized within the

plasma. Once ions have been formed, they must pass atmospheric pressure through
several chambers of increasingly high vacuum to the mass separation and detection
stages. Several different types of mass filters and detectors exist, a more detailed
account of how the ions pass from the plasma through the expansion chamber and ion
lens system to the mass filter prior to determined trace elements in sample with suitable

detector shown in Figure 2.9 (Thomas, 2008).
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Figure 2.9 Schematic of ICP-MS (Source: Thosaikham et al., 2009).

2.8.3 UV-Vis Spectrometry

26

Spectrometry use since the past time until recent years, the principle of this

technique is included light source supplies several wavelength of light through the

monochromator. The monochromator will select only one wavelength the same as

analyst absorption (Garty et al, 2004). The single wavelength will then continued

through the sample container (cuvette) containing analytes, the selected wavelength is

absorbed by target element and go to the detector converted to spectrums as a read out

signal (Kenkel, 2003).

The basic principle of UV-Vis spectrometry includes five parts light source,

monochromator, sample, detector and read out as shown in Figure 2.10.
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Passes through Blank
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Figure 2.10 Schematic of UV-Vis spectrophotometer (Source: Kenkel, 2003)
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2.9 Sample preparation

2.9.1 Sample digestion

There are several sample preparation techniques which individual
techniques are difference, but all techniques aim to the same goal. The sample digestion
is a technique which make analytes to release from samples for reliable analysis
(Sooylaki et al., 2004). Small amounts of samples are representative of all large sample
population, ecosystem and environment that analytes have in their contamination. The
method must exact extraction analytes such as acid digestion which coupled
instrumental assistant (stream, microwave and heater). Some time anlytes in the sample
solution convert to complex compounds by adding some regent (Beyer and Biziuk,
2007).

Digestion method is approximate exaction of the metals analysis because
this procedure uses acidic digestion at high concentration under high temperature and
instrumental delegate (NObrega et al., 2006). In general, digestion technique have been
classified into two groups; wet digestion and combustion technique as shown in Table
2.2 (Flores et al., 2007).

Table 2.2 Reagent commonly used in the sample dissolution or digestion (Source:
Flores et al., 2007)

Reagent Sample type
Water Soluble
Diluted Acid Dry ashing sample residues, easily

oxidized metals and alloys, salts

Less readily oxidized metals and

Concentrated acid X
alloys, steels, metal oxides

Concentrated acid with Metals, alloys, soils, particulates from air,
added oxidizing agent refrace-tory minerals, vegetable mater
Hydrofluoric Silicates and other rock
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2.9.2 Wet acid digestion procedures

Preparation sample acid treatment releases the element of interest from the
target sample and transfer it to a liquid matrix for subsequent analysis is commonly use
in many laboratories (Motrenko et al., 2000). Therefore, a variety of techniques are
required for wet digestion such as digested in a beaker on hotplate or heating block and
high pressure microwave heating assistant (Rosenfeld, 2004).

Dissolution is often define as the simple process of dissolving a substance in
a suitable liquid at low temperature, with or without chemical reaction (Tinggi et al.,
1997). The term of decomposition gives more complex process and is usually
performed at high temperature and increased pressure with acid reagents and special
apparatus (Kenkel, 2003).

2.9.2.1 Opened vessel wet acid digestion

Opened vessel wet acid digestion is one of the oldest technique used to
decompose sample of organic and inorganic material in chemical laboratories. This
method is low cost analysis and routine use for sample preparation because it can easily
control all relevant such as time, temperature, reagent (Mitra, 2003). System of this type
are limited by low maximum digestion temperature which can not exceed pressure
boiling point of the corresponding acid or acid mixture (Lomonte et al., 2008). For
instance, the oxidizing power of nitric acid with many matrices is in sufficient at low
temperature, one possible to avoid this problem is addition of sulfuric acid which
significantly increases the temperature of the digestion solution depending on the matrix
and determination method (Rosenfeld, 2004).

High protein and high fat samples are not subject complete digestion at
atmospheric pressure. Other disadvantage relate to the risk of contamination through
laboratory air, the large amounts of required reagent (very often employing expensive
reagents), and the danger of losses of trace elements ((Mitra, 2003). Losses can kept low
by using an excess of acid (nitric acid) combined with a reflux condenser and by
optimization of the temperature and duration. Therefore, systems operated at
atmospheric pressure are preferred from the standpoint of workplace safety. Reagent
used in the opened vessel wet acid digestion is shown in Table 2.4 (Mester and
Stergeon, 2003).
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2.9.2.2 Closed-vessel wet acid digestion

Closed vessel wet acid digestion has been used in last the decade for
sample preparation in laboratories (Mester and Stergeon, 2003). The closed system was
used as it is isolated from laboratory atmosphere to reduce contamination (Flore et al.,
2007). The procession of sample digestion is essentially ensured by a common wet acid
digestion which is performed under the synergistic effects of elevated temperature and
pressure (Sastre et al., 2002). Digestion occurs at relatively high temperature due to
boiling point elevation. These techniques are generally much more efficient than
conventional wet acid digestion in open systems, these technique also avoid the loss of
volatile elements and any contribution to blank values (Mester et al., 1999).

Closed system digestion is particularly suitable for trace and ultra trace
analysis, especially when the supply of sample is limited because the oxidizing power
of a digestion reagent shows a marked dependence on temperature, an arbitrary
distinction should be made between low pressure digestion and high pressure digestion
(Moraes et al., 2007).

Low pressure digestions (20 bar) are limited to temperature 1808 °C,
whereas with high pressure apparatus (70 bar) the digestion temperature may exceed
3008 °C. Reagent used in closed vessel wet acid digestion are shown in Table 2.3
(Mitra, 2003).

Table 2.3 Schemes for wet digestion methods (Adapted from Mitra, 2003).

Digestion technique Required reagents Application

Open systems

Conventional HNO3, HCI, HF, H,SO4, HCIO4, H,0, Inorganic/organic
Microwave HNO3, HCI, HF, H,SO4, HCIO,, H,0, Inorganic/organic
Ultraviolet digestion K2S20s, H202 Water, slurries

Closed system
Conventional HNO3, HCI, HF, H,0, Inorganic/organic

Conventional HNOgs, HCI, HF, H,0, Inorganic/organic
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CHAPTER 3

RESEARCH METHODOLOGY

3.1 Research design

This study was designed with the aim to determine heavy metals content in

lichens and chlorophyll degradation. It was shown in Figure 3.1.
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3.2 Sampling sites

Two sampling sites within the Northeast of Thailand were selected (Figure
3.2). The first was located in downtown of Mahasarakham province. Lichen samples
from Mahasarakham province were collected from six sites surrounding Mahasarakham
downtown such as Public Park, Rajabhat Mahasarakham University, Mueng Campus of
Mahasarakham University, Museum of Mahasarakham University, Stadium of
Mahasarakham University and Kukeo Temple (Table 3.1). Second site was collected at
Phouphakud mountain, Nongsoung district, Mukdahan province which around 60 km
southwest from Mukdahan downtown, altitude 238 m, 16° 43' 16,0" N, 104° 43'12,4" E,
with the dipterocarp forest. Five lichens were collected from Mukdahan province and
one species was collected from Mahasarakham province (Table 3.2).

\\
\
|
PUB }
|
. /
N { Py /
Lad N L 7
Thailand o N v,T 7
N ~J 4
O TN
T e

Phanwit, 2009

Figure 3.2 Sampling sites; Public Park (PUB), Rajabhat Mahasarakham University
(RMU), Mueng Campus of MSU (MCU), Museum of MSU (MUU), Stadium of MSU
(STU), Kukeo Temple (KKT) and Phouphakud (PPK).
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Table 3.1 Collecting localities of lichen.
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Location Altitude

Public Park 155m, 16° 11' 14.6" N, 103° 17' 59.0" E
Rajabhat Mahasarakham University 143 m, 16° 11' 58.8" N, 103° 16' 20.2" E
Mueng Campus of MSU 143 m, 16° 12'17.2" N, 103° 17' 01.0" E
Museum of MSU 165 m, 16° 14' 31,2" N, 103° 14'57.8" E
Stadium of MSU 166 m, 16° 14'57.8" N, 103° 14' 43.0" E
Kukeo Temple 158 m, 16° 15" 12,0" N, 103° 15' 03.1" E

Foliose and crustose groups were focused in this study as shown in Table 3.2.

Sample collecting took place from early June to November 2011 for Mukdahan

province and November 2011 to July 2012 for Mahasarakham province.

Table 3.2 List of lichen species collected in this study.

Species Groups Nature of sites Locations (Provinces)

D. picta Foliose Rural/Urban  Mukdahan/Mahasarakham
P. tinctorum Foliose Rural Mukdahan

P. coccifera Foliose Rural Mukdahan

L. argentata Crustose Rural Mukdahan

L. benguelengsis Crustose Rural Mukdahan

Dirinaria picta (D. picta), Parmotrema tinctorum (P. trmatinctorum), Pyxine coccifera (P. coccifera),
Lecanora argentata (L. argentata) and Laurera benguelengsis (L. benguelensis).
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Figure 3.3 Habitat of lichens; (a) D. picta, (b) P. tinctorum, (c) P. coccifera,
(d) L. argentata and (e) L. benguelensis.

3.3 Chemicals and reagents

All chemicals and reagents used in this study were of analytical or AAS grade.
Nitric acid, standard solutions of copper, chromium, iron, manganese, nickel and zinc
were obtained from Carlo Erba (Italy). The description of all chemicals and reagents
shown in Table 3.3.

Table 3.3 Description of chemical and reagents used in this study.

Molar Density

Name Symbol Mass (g m) Grade
Chromium standard solution Cr 51.99 - AAS

Copper standard solution Cu 63.54 - AAS
Deionized water H.0 18.02 - 18.2 MQ cm™
Dimethyl sulfoxide (DMSO) C,Hs0S 78.13 1.12 AR

Iron standard solution Fe 55.84 - AAS
Manganese standard solution Mn 54.93 - AAS

Nitric acid HNO3 63.01 1.40 AR

Nickel standard solution Ni 58.69 - AAS

Zinc standard solution Zn 65.38 - AAS
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3.4 Instrument and apparatus

An Olympus stereo microscope (SZ-PT, Japan) was used for scratching lichen.

An electric balance (TC-254, USA) was used for weighting dry powder lichen.

A water bath (TW 12, Julabo, Germany) was used as heating source for sample
digestion. Filter paper No.1 (Circles, 125 mm, Whatman, England) was used to filter the
sample solution.

An inductively coupled plasma-mass spectrometer (Perkin-Elmer SCIEX,
Norwalk, USA) with a double-pass scott spray chamber fitted with a cross-flow
nebulizer was used to determine total trace elements of copper, chromium and nickel in
lichen samples. Operating parameters of ICP-MS using standard and DRC mode to
determine chromium, copper and nickel, they were shown in Table 3.4 and 3.5,
respectively.

A flame atomic absorption spectrometer (AA-680, Shimadzu, Japan) coupled
with a 10 cm long slot-burner head, lamps of determinate metal and an air-acetylene
flame were used for determination of iron, manganese and zinc. The operating
parameters for FAAS were shown in Table 3.6.

A UV-Visible spectrophotometer (HP-8453, Agilent, Germany) with three
wavelengths (415, 443 and 665 nm) was used for examining chlorophyll content in

lichens.
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Table 3.4 Operating parameters of ICP-MS for standard mode.

Parameters

Setting

Instrument
Standard mode
Nebulizer gas flow
Auxilary gas flow
Plasma gas flow
Lens voltage

ICP RF power
Pulse state voltage
Interface

Mass analyzer

Elan DRC-e (Perkin-Elmer SCIEX, Norwalk, CT, USA)
External standard

0.95 I min™

1.10 I min*

17 I min™

5 volt

1200 watt

1200 volt

Ni cone

Quadrupole

Table 3.5 Operating parameters of ICP-MS for dynamic reaction cell (DRC) mode.

Parameters

Setting

Instrument
Standard mode
Nebulizer gas flow
Auxilary gas flow
Plasma gas flow
Lens voltage

ICP RF power
Pulse state voltage
Interface

Mass analyzer
Analyte masses
RPa

RPq

Cell gas A

Elan DRC-e (Perkin-Elmer SCIEX, Norwalk, CT, USA)
External standard
0.95 I min™

1.10 I min™

17 I min™

5 volt

1200 watt

800 volt

Ni cones
Quadrupole
63Cu' 52Cr, 60N
0.10

0.70

0.60

¥ Mahasarakham University



36

Table 3.6 Operating parameters of flame atomic absorption spectrometer (FAAS).

Parameters Fe Mn Zn
Wavelength (nm) 248.3 279.5 219.3
HC lamp current (mA) 5 8 5

Slit width (nm) 0.2 0.5 0.5

Fuel gas flow rate (I min™) 2.0 1.9 2.0

1% absorption concentration (mg1") 0.1 2 0.02
Type of flame Air/CoH; Air/CoH; Air/CoH;

3.5 Experimental

The material contaminations were removed from lichens using Olympus stereo
microscope. Lichens were then cleaned and dried to a constant weight at 100 °C. The
dried lichen samples were homogenized to powders and then accurately weight (0.1 g)
in triplicates. After that, lichen were digested with nitric acid on stream water (water
bath modification). The solutions were filtered through Whatman filter paper No 1.
Filtrated solutions were diluted to desired volume at 20 ml with deionized water. Iron,
zinc and manganese contents of the solution were analyzed by FAAS, while nickel,
copper and chromium contents of the solution were analyzed by ICP-MS.

3.5.1 Identification of lichen species

There are several techniques to identify lichen species by morphological,
anatomical and chemical. In this study, morphological and anatomical techniques were
used to identify lichen species from both provinces.

3.5.2 Optimization of digestion conditions

There are several parameters affected the sample digestion efficiency such
as amounts of nitric acid, digestion temperatures and digestion times. Therefore, the
effect of these digestion conditions were studied as follows:

3.5.2.1 Effect of amounts of nitric acid

Nitric acid was used for decomposition of large molecules into free ions
or aqueous solution. The optimization of amounts of nitric acid was studied by varying

the ratio of sample weight to amount of 65% nitric acid. Digestion procedure of
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individual ratios were optimized at 0.1:0.5, 0.1:1, 0.1:1.5, 0.1:2, 0.1:2.5 and 0.1:3 by
gram of dried weight (DW) of lichen sample (g) to amount of acid (ml).
3.5.2.2 Effect of digestion temperature
The temperature is an important parameter for sample digestion with
acid. The appropriate ratio of sample weight to amount of 65% nitric acid in section
3.5.2.1 was used for optimization of digestion temperature which was optimized at 50,
60, 70, 80, 90 and 100 °C.
3.5.2.3 Effect of digestion time
The digestion time is also important for chemical reaction. Therefore, the
appropriate ratio of amount of acid to weight in section 3.5.2.1 and appropriate
temperature in section 3.5.2.2 were applied to the optimization of digestion time which
was optimized at 10, 20, 30, 40, 50 and 60 minutes.
3.5.3.4 Validation of digestion procedure
1) Precision
The precision of the proposed digestion procedure was presented in
term of repeatability and reproducibility. The relative standard deviation (RSD) was the
target value for quantitation see equation 3.1. The repeatability was calculated from
three replications for each samples. The reproducibility was calculated from the
experiment in three days (inter-day precision, n = 3 x 5) and repeatability was
performed from ten replicates within a day (intra-day precision, n = 10) for both P.

tinctorum and L. benguelensis.

RSD =D 100 3.1
= ——X .
Average (3.1)

2) Accuracy
A recovery test was used to evaluate the accuracy of the proposed
digestion procedure which was calculated using equation 3.2. In this study, mixed
standards solution of copper, chromium, iron, manganese, nickel and zinc was used to
assess the accuracy; the concentration of individual stock standards showed in the Table

3.7. The 100 pl of mixed standards solution were spiked into the sample digestion.
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Table 3.7 Concentration of heavy metals in standard solution for spiking into samples

digestion.

Stock-Standard solution Spiking concentration (ug g™)
Copper 10

Chromium 4

Iron 200

Manganese 400

Nickel 4

Zinc 200

% Recovery = —~_~L x100 (3.2)

Where: X;= Amount of heavy metals found in the sample digestion with spiking mixed

standard solution (pg)
X = Initial amount of heavy metals found in real sample (pg)

Xs = Amount of spiked standard solution added in real sample (pg)

3) Linearity range
The linearity was used to estimate the relationship between
absorbance (from AAS) or intensity (from ICP-MS) of copper, chromium, iron,
manganese, nickel and zinc on y axis and concentration of heavy metals on x axis. They
were plotted by the concentration of standard solutions of copper, chromium, iron,
manganese, nickel and zinc. The concentrations of copper, chromium and nickel were

varied in range of 0.001 to 0.1 pg g™, while concentration of iron, manganese and zinc

were varied in range of 0.05 to 8.0 pg g™. The solutions were prepared by diluting from

stock standard solutions.
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3.6 Chlorophyll examination

Fifty milligram of dry weight lichen powder was extracted with 15 ml of
dimethyl sulfoxide (DMSO) and left to stand for one hour at room temperature. The
solution was filtered through Whatman filter paper No 1. The filtrated solutions were
diluted to volume at 10 ml with deionized water. Chlorophyll in the solution was
analyzed by UV-Visible spectrophotometer at wavelength of 415, 443 and 665 nm,

respectively.

3.7 Data analysis

All experimental data was expressed as means. The data from sample
measurements were analyzed by one-way ANOVA test, the significant difference
among the means from triplicate analysis was set at p < 0.05 using Duncan's new
multiple range test. This data was determined by general linear model multivariate
range test using the Statistical Program for Social Science (SPSS, Chicago, IL, USA)

Version 15.0 for windows.
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 ldentification of lichen species

The thallus of D. picta is foliose form, appressed to agglutinated up to the lobe
tips 2-8 cm in diameter. Lobes are radiating, confluent, flat or convex but concave near
apex, 0.5-1 mm wide. Upper surface is gray, bluish gray. Soredia perform farinose and
pseudocyphellae are present, but not distinct. Medulla is white to orange. Lower surface
is black in center and apothecia are very rarely present, laminal on thallus is 0.7-1.3 mm
wide. Spot tests: upper cortex is K+ yellow, P+ yellow; medulla upper and lower part
are K-, P- (Figure 4.1 a).

Thallus of P. tinctorum is foliose form with green to gray, 3.2-23 cm radius
and 76-190 um thick; agglutinated lobe tips 0.02-1.5 c¢cm; isidia is dense in the centre
thallus and 0.03-0.45 mm long; Trebouxia is 6-40 um; medulla is white and 30-190 um
thick, the thallus surface is white brown to black, the rhizine is black and single 0.05-1
mm, picmedia and ascomata are not found. Cortex is K+ yellow. Medulla is K-, C+ red,
KC+ red (Figure 4.1 b).

Thallus of P. coccifera is folose form and a gray to green, growth form of
thallus 2.5-8 c¢cm in diameter and an independently from 200-206 pm thick, lope is
loosely on the small flat to play the long side the pseudo surface rupture. Trebouxia
components are continuous from 40-42 um thick, medulla layer is yellow. Lower
surface is 32-36 um with white to brown. Rhizine is white to black and ascomata.
Cortex is K+ yellow. Medulla is K-, C-, KC- (Figure 4.1 c).

The thallus of L. argentata is crustose form with white, cortex layer is colorless
and 6.3-14.7 um thick, algal layer is a family of trebouxia with green. The medulla is
white brown 180-300 um thick, apothecia performs round disc and brown to dark
brown which is 0.4-1.0 um thick, exciple, epihymenium are red, hypothecium is yellow
and 52.5-115.0 um high, hymenium is colorless 52-70 um high, one ascus contains 8

ascospores (Figure 4.1 d).
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Thallus of L. benguelensis is crustose with green to yellow and smooth to
rough. The core text is 50-70 um. Green algae from Trenthepholia is 30-40 pm thick,
layer arrangement in the medulla of white fibers in the interface between 35-50 pm
thick. Ascomata is in form of perthercia 0.3-0.7 mm high, from 0.2-0.4 mm with black
circle and embedded in the tissue stroma, orange to yellow with 0.5-1.0 mm high. 0.4-
0.7 mm above the surface by lifting thallus. One ascus contains 8 ascospores (Figure 4.1

e).

Figure 4.1 Images of lichens crossed section; (a) D. picta, (b) P. tinctorum,

(c) P. coccifera, (d) L. argentata and (e) L. benguelensis.
4.2 Optimization of experimental conditions

The optimization of amount of nitric acid, digestion temperature and digestion
time are essential for suitable conditions to achieve high enrichment of analytes from
real samples. Appropriate conditions from the optimization of digestion were applied to
digest all samples in this study. Two lichen species, L. benguelensis and P. tinctorum
were selected to optimize the conditions. The results of optimization conditions were
expressed as recovery test (Table 4.1 to 4.6) for both lichens which recoveries were

performed by comparing the spiked volume of stock standard solution at 100 pl from

mixed stock standard solution (Table 3.7).
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4.2.1 Effect of ratio of amount sample to volume of nitric acid

The volume of nitric acid was optimized in the range of 0.5 to 3.0 ml to 0.1
g of dry weight sample. It was presented in term of the ratio of sample to volume of
nitric acid (S/A). The results of effect of S/A ratio for L. benguelensi and P. tinctorum
on percentage recovery of heavy metals concentration were shown in Table 4.1 and 4.2,
respectively. It can be seen that recovery of the S/A ratio for L. benguelensi and P.
tinctorum were not difference with increasing of S/A ratio excepted some heavy metals
from L. benguelensis such as copper at 0.1:0.5, 0.1:3.0 and chromium at 0.1:3.0 shown
in the Table 4.1. Copper and chromium could be discussed that the S/A ratio of 0.1:0.5
and 0.1:3.0 were not optimum for these metals which were uncompleted digestion with
these volume of nitric acid.

The results could be discussed that both lichen samples are in the same order
lichens because their cell walls contain polysaccharide and other organic compounds as
the major matrices (Kabata-Pendias, 2001). Thus, both of these samples preparation
were completely digested with nitric acid in the same S/A ratio. The optimum selection
of S/A for both sample digestions had performed by observing the appearance of the
digestion. Consequently, the optimum S/A ratio for L. benguelensis and P. tinctorum
were completely digested at S/A 0.1:2.0. The selection of S/A ratio of samples were

agreed with 100% of percentage recovery.
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Table 4.1 Percentage recovery (%R) of ratio sample to volume of nitric acid for L. benguelensis.

Ratio of S/A Percentage recovery (%R + SD)

(q ml™ Cu Cr Fe Mn Ni Zn
0.1:0.5 69.61 +1.18 108.05 £ 0.08 89.50 £ 0.16 102.10 £ 0.90 101.42 £0.11 98.50 £ 0.28
0.1:1.0 90.54 £ 0.84 103.87 £ 0.03 99.90 + 0.06 108.60 + 1.56 . 8657 £0.14 87.09 £ 0.26
0.1:1.5 94.39 £ 0.08 99.64 + 0.06 101.96 £ 0.88 100.19 £ 1.28 86.02 £ 0.02 79.97 £1.12
0.1:2.0 109.25 £ 1.03 100.53 £ 0.05 97.92 £0.43 98.62 + 1.8 91.76 £ 0.00 95.72 +£0.84
0.1:2.5 115.46 £ 0.03 117.59 £ 0.07 101.77 £1.2 101.01 £1.98 96.81 £0.12 97.01 £ 0.04
0.1:3.0 136.48 £ 2.77 132.2161 + 0.03 96.65 + 1.28 98.94 + 0.34 84.47 £0.01 85.65 + 0.10

Ratio of S/A; amount of sample (S) to volume of nitric acid (A)

T

S
L2 Mahasarakham University
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Table 4.2 Percentage recovery (%R) of ratio sample to volume of nitric acid for P. tinctorum.

Ratio of S/A Percentage recovery (%R £ SD)

(g ml™ Cu Cr Fe Mn Ni Zn
0.1:0.5 106.22 £0.14 75.78 £ 0.02 123.22 +0.29 90.01+£242 126.55 +0.01 107.96 + 0.37
0.1:1.0 116.92 £ 0.80 112.36 £ 0.00 78.32 £3.42 86.06 £ 1.11 112.63 £0.10 86.35 £ 0.07
0.1:15 85.11 £ 0.63 62.57 £ 0.16 86.72 £ 4.25 81.07 £ 0.66 91.47£0.14 83.90 £ 0.06
0.1:2.0 109.26 + 2.21 93.68 £ 0.06 105.74 +£1.91 89.03 £2.24 95.68 + 0.06 104.42 £ 0.24
0.1:2.5 9457 +1.22 112.45+0.14 111.27 +1.74 93.78 £ 2.65 99.42 +0.12 105.26 + 0.36
0.1:3.0 93.90+0.34 105.09 £ 0.20 112.27 +5.16 86.55 + 2.55 103.91 £ 0.04 97.54 +0.12

T

Ratio of S/A; amount of sample (S) to volume of nitric acid (A)
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4.2.2 Effect of digestion temperature

Temperature is the one of important parameter to improve the reaction
procedure because it requires enough energy for complete sample digestion. In this
study, the digestion temperature for digesting both L. benguelensis and P. tinctorum
were optimized by varying in the range of 50 to 100 °C. The selected optimum
temperature of these sample digestion were performed in term of percentage recovery.

The results found that both lichens were not difference with completely
digested at maximum digestion temperature showed in Table 4.3 and 4.4. The results
could be discussed that matrices in both samples with nitric acid were completely
digested by using high temperature because the appearance of solution were
homogeneous at this temperature (Vriesmanna et al., 2011), the complete digestion
temperature could be freed in the solution when the matrices were completely
destroyed. This study was considered to select the optimum digestion temperature at
100 °C for both samples.
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Table 4.3 Percentage recovery (%R) of digestion temperatures for L. benguelensis.

Temperature Percentage recovery (%R + SD)

(°C) Cu Cr Fe Mn Ni Zn

50 118.99 £ 2.21 101.47 £ 0.00 110.52 £ 0.76 86.86 £ 0.67 111.61+£0.14 105.19 £ 0.85
60 84.85 £ 2.47 90.50 £ 0.05 113.03 £ 0.97 97.59 + 0.10 80.37 £ 0.07 107.18 £ 0.71
70 72.26 £2.74 107.23 £ 0.09 92.78 £4.12 91.23 £0.02 81.31+£0.02 106.16 £ 0.61
80 78.16 £ 0.82 105.39 £ 0.01 88.57 £ 0.09 87.90 + 3.87 89.15+0.24 107.90 + 0.62
90 122.02 £ 1.17 97.56 + 0.05 83.52 + 2.86 86.06 + 1.45 98.14 £ 0.16 103.16 + 0.00
100 100.61 +1.88 88.61 + 0.09 80.87 +4.98 84.46 + 2.05 87.68 +0.11 99.32 £ 0.02

S
L2 Mahasarakham University
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Table 4.4 Percentage recovery (%R) of digestion temperatures for P. tinctorum.

47

Temperature Percentage recovery (%R + SD)

(°C) Cu Cr Fe Mn Ni Zn

50 113.76 £ 0.26 76.62 £ 0.18 85.24 +£1.17 92.91 +1.65 110.44 £ 0.02 100.51 £ 0.64
60 103.23 £ 3.37 83.93+£0.18 104.11 £ 3.23 91.95+1.74 97.05+0.12 94.29 + 0.68
70 78.98 £1.78 109.38 £ 0.18 87.54 £ 0.65 91.03+£0.31 87.39 £ 0.03 98.49 + 0.60
80 100.04 + 3.48 93.88 + 0.06 97.00 + 1.69 94.55 +0.12 79.36 = 0.09 89.75 + 2.26
90 72.22 +3.15 76.17 £ 0.15 97.38 +4.09 94.97 = 0.00 70.05+0.11 91.59 + 2.86
100 71.68 + 0.89 94.38 £ 0.00 92.05+2.16 93.92 + 0.06 110.80 + 0.06 86.48 £ 0.70

T

S
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4.2.3 Effect of digestion time

The digestion time is an important factor in sample digestion. This
parameter was used for completion of digestion reaction and homogeneity of sample
solution (Vriesmanna et al., 2011). In order to investigation the optimum digestion time.
The digestion time was varied in the range of 10 to 60 minute for L. benguelensis and P.
tinctorum.

The results of L. benguelensis and P. tinctorum (Table 4.5 and 4.6) showed
that percentage recoveries of both lichens were not difference with increasing of the
digestion time. The results observed that both lichens were completely digested among
the 40 to 60 minutes. The results could be discussed that digestion time of samples
solution were homogeneous with enough time because pigment of both samples could
be completely digested when using enough digestion time. The complete digestion
could be performed in the solution when the matrices were completely destroyed with
nitric acid. This study considered and selected the optimum digestion time at 40 minute

for both samples.
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Table 4.5 Percentage recovery (%R) of digestion of times for L. benguelensis.

Time Percentage recovery (%R + SD)

(min) Cu Cr Fe Mn Ni Zn

10 84.12 £ 0.90 114.78 £ 0.17 113.64 + 4.58 86.81+1.78 113.80 £ 0.25 85.80 £ 0.01
20 74.18 £ 0.83 100.93 £ 0.13 95.84 + 3.69 79.41 £ 1.66 103.90 £ 0.15 82.99 £ 0.11
30 88.41 +1.96 100.34 £ 0.04 86.52 + 3.06 83.41+1.71 120.29 £ 0.04 78.80 £ 0.49
40 91.69 £ 0.26 88.53+£0.13 97.97 £1.75 81.18 £3.10 84.51 £0.19 80.96 + 0.85
50 92,23 £2.16 91.02 £ 0.26 96.93 £ 2.06 83.80 £ 1.63 102.03 £ 0.02 115.07 £ 0.61
60 119.97 £ 2.19 108.22 £ 0.11 107.59 £ 0.15 83.04 £ 1.62 114.79 £ 0.06 93.19 £ 0.42

T

S
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Table 4.6 Percentage recovery (%R) of digestion of times for P. tinctorum.

Time Percentage recovery (%R £ SD)

(min) Cu Cr Fe Mn Ni Zn

10 89.24 + 2.56 82.21 +0.02 95.37 +4.51 96.98 + 0.24 99.65 + 0.01 93.15+0.12
20 104.42 +1.13 76.92 +0.39 89.93 + 0.07 86.11 +2.24 99.30 £ 0.07 102.22 +0.18
30 95.63+1.24 77.27 £0.10 80.69 + 0.87 87.68 + 3.64 64.17 + 0.07 96.63 + 1.04
40 115.56 £ 1.04 90.79 £ 0.03 76.82 £ 0.6 82.52 +1.89 110.80 £ 0.06 90.61 £ 0.59
50 98.61 £ 0.20 79.99 £ 0.16 80.60 £ 0.60 91.02 £ 3.48 106.44 £ 0.00 97.05+£0.71
60 111.94 £ 0.35 76.94 £ 0.39 101.80 £ 0.49 91.09£1.72 89.95 + 0.05 94.83+£0.24

T
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4.3 Precision

The repeatability and reproducibility of optimization conditions were
investigated in terms of relative standard deviation (RSD). The results showed that the
RSD of repeatability and reproducibility of almost heavy metals in two lichens were
revealed a bit lower and higher 10%. Excepted repeatability of nickel in P. tictorum was
expressed 18.10. These results indicated that the optimization procedure could be good
procedure and agreed with this precision (Table 4.7).

Table 4.7 Repeatability and reproducibility of heavy metals in lichens.

Lichen species :]gi;/l}sl Com?e-ntration of heavy metals (pg-gjl-t SD)
Repeatability RSD Reproducibility ~ RSD
Cu 54.75 £ 1.80 3.29 52.13 +3.08 5.90
Cr 3.78+£0.39 10.36 3.44+0.28 8.15
L.benguelensis Fe 94.41 £ 5.77 6.11 94.95 + 7.09 7.74
Mn 7425 +4.12 5.55 72.93 +2.57 3.51
Ni 4.77 £0.48 10.01 4.17 £0.25 5.90
Zn 37.74+2.23 5.91 37.25+1.45 3.87
Cu 55.26 + 2.69 4.88 55.90 + 2.38 4.28
Cr 4.68 +0.31 6.55 4.54 +0.28 6.25
P. tinctorum Fe 80.28 +5.01 5.01 80.31 +4.51 5.62
Mn 68.35 +7.31 10.70 70.28 + 3.96 5.73
Ni 3.78 £ 0.68 18.10 3.96 £0.14 10.54
Zn 48.14 + 4.77 9.90 46.69 + 1.89 4.05

Repeatability (intra-day precision; n = 10)
Reproducibility (inter-day precision; n =5 x 3)

4.4 Accuracy

The recovery test was used to evaluate the accuracy of the proposed method.
Therefore, concentration of mixed standard solution was spiked into real sample of

optimization of conditions showed in the Table 3.7. Sufficiency optimization of S/A
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ratio, digestion temperature and digestion time were shown percentage recoveries in
Table 4.1 to 4.6, respectively. The results of percentage recoveries of heavy metals were
greed with 100%. These results were indicated that the proposed method provided good
accuracy.

4.5 Application to real samples

The optimum conditions of S/A ratio, digestion temperature and digestion time
from the optimization procedures were applied to digest real samples which were
collected from two provinces as mention in chapter 3. The results of heavy metals
concentration from individual lichen species, sites and months from Mudahan and
Mahasarakham provinces were discussed as follows.

4.5.1 Heavy metals contents in lichens in Mukdahan Province

Mukdahan province is located in a rural site and surrounded by agricultural
land, water canal and small river, which provides humidity to the air, consequently
supporting growth of many lichens. The concentration of heavy metals in lichens from
this site were interesting. The results showed that different concentrations of heavy
metals in each lichens were found. The comparison and evaluation of the concentration
of heavy metals are discussed months and species.

4.5.1.1 Distribution of heavy metals in months

The greatest accumulation of heavy metals in each lichen species was
found in June followed by August, October and November (Table 4.8 and Figure 4.2).
However, manganese in D. picta was low in June (Figure 4.2 d). Among the six heavy
metals, iron was found highest accumulation followed by Mn > Zn > Cu > Ni > Cr.

The concentrations of copper in each lichen were found in the range of
15.71 + 0.09 to 56.98 + 0.26 pg g™ DW (dry weight) (Figure 4.2 a), this metal revealed
low accumulation when compared to other metals in this study. The concentrations of
chromium were found in the range of 2.57 + 0.09 to 5.31 + 0.04 ug g™ DW (Figure 4.2
b) and results shown that this metal was found to have the lowest accumulation of the
heavy metals. In contrast, the concentrations of iron were found highest accumulation,
ranging from 79.15 + 2.98 to 281.68 + 1.37 ug g* DW, because iron is the most

abundant in the earth crust and commonly used in several materials. Therefore, the dust
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from this metal could be distributed to the environment more than other heavy metals
(Godinho et al., 2009).

The concentrations of manganese were found in the range of 66.63 +
1.74 to 73.93 + 2.61 pg g™ DW (Figure 4.2 d). While, concentrations of nickel were
revealed 4.08 + 0.06 to 9.01 + 0.05 pg g DW (Figure 4.2 €). In another observation,
the concentrations of zinc were found in the range of 20.30 + 0.75 to 43.15 + 0.40 pg g™
DW (Figure 4.2 1).

Individual lichens, the results showed that concentration of each heavy
metals in various months were significantly different at p < 0.05. It was observed that
the concentration of these heavy metals in June was maximum accumulated and
decreased from August to November because June was contaminated high heavy metals
pollutant from previous months in dry season. Whereas, August, October and
November were low contaminated heavy metals caused by pollutant were diluted by
water from the rainy season. These results indicated that high humidity in rainy season

and different climatic conditions from each months were found different heavy metals
concentration from lichens.

4.5.1.2 Distribution of heavy metals in lichen species
The results of heavy metals contents in individual lichens are shown in

Table 4.8. The concentration of heavy metals in each lichen species were considered
and evaluated. Copper was found high concentration in P. tintorum followed by P.
coccifera, L. benguelensis, D. picta and L. argentata (Figure 4.2 a).

The maximum concentrations of chromium was found L. benguelensis
followed by P. coccifera, P. tinctorum, D. picta and L. argentata (Figure 4.2 b).

Iron was found higher than other metals. P. coccifera was found highest
concentration of this metal followed by D. picta, L. argentata and L. benguelensis, P.
tinctorum (Figure 4.2 c).

The high concentrations of manganese were found in P. tinctorum
followed by D. picta, P. coccifera, L. argentata and L. benguelensis (Figure 4.2 d).

The concentrations of nickel were found high in P. coccifera followed by
D. picta, P. tinctorum, L. argentata and L. benguelensis (Figure 4.2 €); the highest
concentrations of zinc were found in D. picta followed P. tinctorum, P. coccifera,

L. benguelensis and L. argentata (Figure 4.2 1).
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The observed levels of heavy metals in lichen species were found
significantly different at p < 0.05. The result could be interoperated to show that heavy
metals can be taken up by lichens actively and passively. In the active process the
amount of heavy metals penetrating the cell depend on propinquity of respective ions
with specific carriers in plasmatic membranes. In passive process the main role is being
played by physical-chemical properties of the heavy metals for ion absorption (complete
structure ion exchange groups) (Kularatne and Freitas, 2012). Moreover, Bosiacka in
2001 reported that the functional group of actively participant accumulating process are
phosphate, carboxyl, phenolic, ammino and sulphydryl groups of cell wall protein. A
role in the passive uptake cations has been attributed to the presence of galacturonic
acid (Puckett, 1976). Thus, different lichen species could be absorbed different
concentration of heavy metals.

Foliose lichens were found high concentration of heavy metals than the
crustose lichen. The results corresponded to Alirzayeva et al., 2006 reported that the
different morphology of foliose and crustose lichens resulted in different contamination
of heavy metals from their ambient atmosphere. This is due to foliose lichen having a
wide thallus and covering a large area of the substrate (Nayaka, 2003); while, the
crustose have small thallus and apothecia which cover a limited area. Therefore, foliose
group can absorb high heavy metals concentration than crutose (Adamo and Violante
2000).

From the result (Table 4.8), four heavy metals (Cu, Cr, Mn and Zn) were
found high concentration in P. tinctorum. While, other species were low concentration.
This study suggested that P. tinctorum would be used for environmental evaluation
because this species is more sensitive to air pollution than other lichen species.
Furthermore, this species is good homogeneous digestion with nitric acid which it is

also found abundant in any where in forest from Thailand.
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Table 4.8 Concentration of heavy metals content in lichens in Mukdahan Province in 2011.

55

Concentration of heavy metals (ug g™ + SD)

Lichen species Months Cu Cr Fe Mn Ni Zn
June 15.71 £0.09° 2.94+0.04*° 262.53+1.46%° 73.93+2.61° 570+0.30° 27.70+0.64°
D. picta August 14.71 053" 2.31+0.04° 255.06 +0.20° 69.98+2.63* 5.42+0.04" 26.46 +0.10°
October 13.75+0.60° 2.03+0.20° 126.57 +9.79° 55.31+297° 5.12+0.12° 21.69+0.48"
November  10.66 +0.35° 1.98+0.01° 137.63+8.40° 64.06+246° 503+0.20° 20.87 +0.63"
June 17.08 £ 0.60° 2.57 £0.09° 124.61+0.67* 71.93+0.81° 4.38+0.17 20.30 +0.75°
L. argentata August 12.97 +0.45° 1.95+0.04" 117.81+2.36® 67.83+045" 4.27+0.16 12.58+0.52°
October 11.45+0.52° 1.51+0.07° 117.58+2.41* 62.48+217° 4.08+0.19 11.54+0.61°
November  11.42+0.53° 1.35+0.04° 109.95+5.04° 60.30+3.60° 4.06+0.22  9.01+0.39°
June 56.98 + 0.26° 3.11+0.13* 104.64+0.85° 73.11+057° 4.46+0.19*® 30.27+0.19°
L. benguelengsis  August 18.31+0.18° 2.53+0.11° 99.20+2.18° 68.51+2.88® 4.09+0.04" 17.92+0.47°
October 17.60 £0.19° 2.23+0.04° 98.63+566° 67.98+3.28" 4.02+0.12" 14.95+0.21°
November  13.24+0.52° 1.95+0.06° 94.66 +3.64° 65.23+4.36° 3.99+0.06° 13.82+0.32°
June 54.97 +1.04* 531+0.04° 82.23+244  66.63+1.74" 4.08+0.06*° 43.15 + 0.40°
P. tinctorum August 48.16 + 1.82° 2.54+0.13" 81.30 + 3.66 9453+ 1.41* 450+0.22° 26.86+0.30°
October 47.65 +2.62° 2.45+0.14° 81.44+451 91.43+3.41° 4.42+0.17*® 21.25+0.93°
November  47.03+151° 2.24+0.05° 79.15+2.98 83.66 +2.21° 4.35+0.23" 8.85+0.43°
June 1752 +1.03* 2.65+0.02° 281.68+1.37° 71.70+4.23° 9.01+0.50° 27.36 + 0.59°
P. coccifera August 17.44 +0.56° 2.78+0.12*° 19530+ 0.01° 70.92+292® 872+0.37° 25.83+0.62"
October 16.72 +0.21* 2.26+0.10° 184.53 +11.27° 65.48 +3.93* 8.34+0.38" 22.20+0.37°
November  16.04 +0.36° 2.24+0.09° 18256 +11.81° 63.21+2.07° 7.81+0.29° 20.60+0.12°

&b candd NMean significant differences in the comparison of heavy metals from lichens in column at P < 0.05 (n=3)

Lot
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Figure 4.2 Concentration of each heavy metals by months from Mukdahan province; D.

picta (Di), P. tinctorum (Pa), P. coccifera (Py), L. argentata (Le), L. bengurensis (Lu),
(@) Cu, (b) Cr, (c) Fe, (d) Mn, (e) Niand (f) Zn.
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4.5.2. Heavy metals contents in lichen in Mahasarakham Province
Mahasarakham is a site that has a high population. Hence, there are many
vehicles, transportation and human activities throughout the years. The atmosphere of
this downtown might be affected by air pollution such as distribution of heavy metals
and toxic gases to the environment. Therefore, the present study was observed the
contents of heavy metals in lichen from six sites surrounding Mahasarakham downtown
and the result shown in Table 4.9 and Figure 4.3. The concentration of these heavy
metals from individual sites and months were considered as follows:
4.5.2.1 Distribution of heavy metals in months
The climatic conditions in individual months were differed. Therefore,
the results of heavy metals in this study were observed from November 2011 to July
2012. Among six heavy metals, iron had the highest accumulated followed by Mn > Zn
> Cu > Ni> Cr (Table 4.9).
The increasing of accumulation of copper from November to May was
observed and this metal was decreased in July excepted Public Park. The concentrations

of this metal were found in the range of 10.75 + 0.10 to 25.72 + 1.05 pg g™’ DW (Figure

4.3 a), dispersion of metals depend on gravity of particular metals a long with speed
direction of wind to the lichen thalli (Bajpai et al., 2010).

The concentrations of chromium was found to increase from November
to May and decreased concentration of this metal was found in July because July is in
rainy season which this month could be have more water to dilute this metal
concentration than months in the dry season. Therefore, July was low concentration.
This metal was also found high concentration in Rajabhat Mahasarakham University in
July because this area had been built many construction in this month. The

concentration of this metal was found in the range of 1.93 + 0.04 to 5.87 + 0.51 pg g™
DW (Figure 4.3 b).

The increasing concentration of iron was found from November to May
and decreasing in July. The concentrations of this metal was found in the range of

101.24 + 0.48 to 307.02 + 9.51 pg g™ DW. Accumulation of this metal individual sites

was differed in each month (Figure 4.3 c).
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The increasing concentrations of manganese was found from November
to May and decreasing in July. The concentrations of this metal were found in the range
of 73.29 + 0.70 to 170.30 + 2.70 to pug g DW (Figure 4.3 d).

The concentration of nickel was found to increase from November to
May and decreasing in July. Moreover, this metal was also found high concentration in
Stadium of MSU in July because this area is closed to main road and contained student
motorcycle. The concentrations of this metal were found in the range of 3.67 + 0.34
8.76 + 0.40 ug g DW (Figure 4.3 e).

The accumulations of zinc was found to increase from November to May
and decrease in July. The concentrations of this metal were found in the range of 17.66
+0.29 to 127.83 + 2.63 ug g DW (Figure 4.3 f). Human activities and wind direction
could be probable reason for spread of the heavy metals from their source to lichens in
each months. Therefore, zinc could be high accumulated in this month (Bajpai et al.,
2010).

The result showed that the concentration of heavy metals individual
months were found significantly different at p < 0.05 demonstrated in the Table 4.9. The
increasing concentration of heavy metals in May could be explained as May is in the
end of summer. The climate of this season is dry with high temperatures which
distributes more pollutant from vehicle exhaust and burning fuel to the atmosphere
(Andrzej et al., 2007). Therefore, this month could have higher contamination with
heavy metals than other months. The distribution of heavy metals were deposited to the
atmosphere and come to lichen from November 2011 to May 2012 (Mendil et al.,
2009).

4.5.2.2 Distribution of heavy metals in different sites

The data for heavy metals concentrations is shown by individual metals
(Table 4.9). The concentrations of copper were found in the order of Rajabhat
Mahasakham University > Public Park > Museum of MSU > Stadium of MSU > Mueng
Campus of MSU > Kukeo Temple (Figure 4.3 a). The distribution of copper is released
from waste of electrical conductor, wire and bronze because Rajabhat Mahasakham
University had constructed building and closed high way. Therefore, waste and dust of
this metal could be contaminating these environment and impacting the lichen (Poblet et
al., 1997).
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The concentrations of chromium were found in the order of Public Park >
Rajabhat Mahasarakham University > Kukeo Temple > Museum of MSU > Mueng
Campus of MSU > Stadium of MSU (Figure 4.3 b). However, the concentration of
chromium was also low in Rajabhat Mahasarakham University in November. It was
expressed in the sample collected from roadside and urban having heavy metal from
vehicular activities because Public Park is located in center of downtown. Therefore,
this corresponded to Bajpai et al., 2011, chromium is emitted to the atmosphere due to
coal and oil combustion especially by diesel-fed vehicles, incineration and frequent use
in stainless steel production.

The concentrations of iron were found in the order of Public Park >
Museum of MSU > Mueng Campus of MSU > Rajabhat Mahsarakham University >
Kukeo Temple > Stadium of MSU (Figure 4.3 c). Iron was accumulated in huge amount
in all months in the Public Park. It was abundant in sample collected from site having
mixed pollution source, the origin of iron is from vehicles, waste, coal and oil burning
activities. According to Bajpai et al., 2011, iron contents in lichens is affected by ion
originating from fuel and soil dust.

The concentrations of manganese were found in the order of Museum of
MSU > Mueng Campus of MSU > Stadium of MSU > Rajabhat Mahasarakham
University > Public Park > Kukeo Temple (Figure 4.3 d). The Museum of MSU is
located close to a main road which have several student vehicles and traffic throughout
the years. Manganese is a part of aluminium alloys, batteries and ceramic (Hauck et al.,
2003). Therefore, the dispersion of these waste materials is correlated to wind direction,
mostly remains east to west (Bajpia et al., 2010). Thus, the Museum and Mueng
Campus of MSU were located to the west of the resident and main road which
manganese could be transplanted following the wind direction.

The concentrations of nickel were found in the order of Stadium of MSU
> Rajabhat Mahasarakham University > Mueng Campus of MSU > Museum of MSU >
Public Park > Kukeo Temple. The Stadium is located in the University and near
resident. Therefore, it corresponded with Bosiacka et al., 2001, the dust from nickel
waste materials such as vehicle exhaust was distributed to atmosphere ambient lichen
(Figure 4.3 ¢).
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The concentrations of zinc were found in the order of Public Park >
Rajabhat Mahasarakham University > Mueng Campus of MSU > Museum of MSU >
Stadium of MSU > Kukeo Temple (Figure 4.3 f). The accumulation of this metal was
recorded from the samples collected in the centre of downtown have several vehicular
activities. The concentration of this metal were associated with automobile, car tire and
incomplete combustion of fossil fuel. Thus, dust from this metal could contaminate the
environment and transplant to lichens (Bajpai et al., 2011).

The results of heavy metals accumulation in lichen in Mahasarakham
province from individual sites were found significantly different at p < 0.05. The results
could be discussed that the higher concentration of heavy metals were found in Public
Park followed by Rajabhat Mahasarakham University, Mueng Campus of MSU,
Museum of MSU, Stadium of MSU and Kukeo Temple, respectively because Public
Park is located in center of Mahasarakham downtown which have several human
activities such as vehicle exhaust, combustion fuel and using metal materials. Therefore,
this site could be high accumulated heavy metals. For other sites, they are located far
away from down but some sites are located close to main road such as Rajabhat
Mahasarakham University and Mueng Campus of MSU which were low accumulated
heavy metal than Public Park because these sites are contain many trees. Museum of
MSU, Stadium of MSU and Kukeo Temple are located in the new MSU Campus, there
are several student vehicle but University was closed from March to May every years.
Therefore, these sites were low concentration of heavy metals than Public Park,
Rajabhat Mahasarakham University and Mueng Campus of MSU.

The results indicated that different sites could be different atmosphere
and different distribution of heavy metals. Moreover, wind direction and temperature
could be concerned with spreading dust of heavy metals to lichen (Bajpai and Upreti
2012).
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Table 4.9 Concentration of heavy metals in lichen in Mahasarakham Province in 2011 to 2012.

Concentration of heavy metals (ug g™ + SD)

Months
Cu Cr Fe Mn Ni Zn
November  17.01+0.94* 4.26+0.15> 280.55+8.51° 100.39 + 4.00° 4.09+0.26* 59.03 + 2.32°
January 17.91 +0.36® 4.71+0.21° 291.40 +15.13° 120.86 + 1.69" 4.41 +0.08° 111.53 + 2.52°
Public Park March 17.64 +0.10° 5.18 +0.08° 295.79 +4.70™ 10858 +4.04° 5.16 +0.32" 127.83 + 2.63"
May 19.83+0.07° 5.87+0.33" 307.02+9.51" 126.36+3.80" 5.21+0.22° 124.92 +1.87°
July 23.13+0.10° 3.93+0.77* 262.25+2.82* 117.84+1.47° 555+0.28° 91.65+ 1.14°
November  15.86+0.73° 1.93+0.04° 214.67+8.26° 120.61+6.51° 5.71+0.25° 52.71+ 253"
Rajabhat January 19.20 +0.42°  3.50+0.04° 216.89 +4.91° 122.03+3.87° 5.60+0.17° 61.01+1.02°
Mahasarakham March 19.23+0.60° 4.59+0.19° 218.96+6.77° 120.97 +3.89° 6.07 +0.26° 67.90 + 3.61°
University May 25.72+1.05° 527+0.13" 249.28+7.81° 124.34+507° 6.63+0.25° 72.77 +3.70°
July 18.97 +0.21° 5.87+0.51° 239.51+0.91° 9535+2.70° 4.06+0.05* 60.15+ 2.49"
November  14.30+0.43° 459+0.19° 227.38+4.48 12855+1.64° 548+0.13 30.99 +1.23
Mueng January 14.87 +0.38"  4.53+0.17° 253.65+9.67° 156.77 £3.59° 6.13+0.21° 35.72 +0.75°
Campus of March 14.00 +0.41°  4.40+0.11° 263.46+16.11° 137.69+1.18° 6.13+0.24° 51.21+1.77°
MSU May 16.24 £0.38° 450+0.11° 277.20 +10.32° 154.95+7.07" 5.81 +0.04*° 53.17 + 2.10°
July 11.66 +0.64°  2.53+0.42° 233.55+4.09° 113.28+1.51* 5.47+0.32* 45.04+2.16

L=l
L2 Mahasarakham University

a.b.candd N ean significant differences in the comparison of heavy metals from lichen in column at P < 0.05 (n=3)



Table 4.9 Concentration of heavy metals in lichen in Mahasarakham Province in 2011 to 2012 (continue).
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Concentration of heavy metals (ug g™ + SD)

Places Months
Cu Cr Fe Mn Ni Zn
November 14.06 + 0.26° 4.87 +0.15° 15857 +9.62° 98.19+1.12®° 581+021° 35.86+0.41°
Museum  January 18.77 +0.61° 4.88+4.88° 202.34+0.17° 137.85+1.09° 6.05+0.23° 37.61+0.16°
of MSU March 18.97 +0.67° 5.06 +0.05° 179.06 +5.12° 167.65+1.89° 591 +0.11° 36.16 + 1.36°
May 19.13+0.69° 5.14 +0.05° 270.97 +5.34° 170.30+2.70° 6.51+0.05° 56.28 +1.78°
July 15.32 +0.58" 1.91 +0.40*° 228.15+8.06" 118.34+4.10° 5.20+0.11*°  40.97 +0.74"
November 15.30 £ 0.10° 3.79+0.01* 101.24+0.48° 88.41 +1.30° 4.71+0.02® 30.94 + 0.29°
Stadium  January 17.79+ 053" 4.14+0.18° 214.12+7.38" 118.36 +2.60° 5.00+0.20® 34.90 + 1.45"
of MSU March 18.41 +0.87° 4.30+0.22° 223.11+4.35° 138.33+5.02° 5.42+0.19° 49.19+1.41°
May 18.97 +0.84° 451 +0.13° 207.47+7.75° 112.80+1.84° 6.58+0.05° 56.02 + 0.54¢
July 11.72 +£0.21° 3.26 +0.04%* 208.59+8.19° 91.21+1.01* 8.76+0.40° 50.35+ 1.92°
November 14.43+0.11° 4.83+0.18° 150.96+7.45° 82.13+1.63° 3.67+0.34 17.66+0.29°
Kukeo January 14.65+ 0.65° 5.06 +0.10° 22254 +7.21° 86.52+1.94° 4.05+0.06° 34.72+0.91°
Temple March 14.69 +0.26° 5.14+0.10° 259.71+7.05" 86.62+1.01° 4.08+0.22° 46.23+3.12°
May 14.87 +0.80° 5.82+0.23° 251.27+0.20° 92.66 +4.42° 4.08+0.16° 49.22+0.72°
July 10.75+0.10° 2.67 +0.18% 19297 +7.60° 73.29+0.70° 4.74+0.25° 4476 +2.63°

ab.candd \jean significant differences in the comparison of heavy metals from lichens in column at P < 0.05 (n=3)

L=l
L2 Mahasarakham University
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Figure 4.3 Concentration of each heavy metals in months from Mahasarakham
province; Kukeo Temple (KKT), Stadium of MSU (STU), Museum of MSU (MUU),
Mueng Campus of MSU (MCU), Rajabhat Mahasarakham University (RMU), Public
Park (PUB), (a) Cu, (b) Cr, (c) Fe, (d) Mn, (e) Ni and (f) Zn.
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4.5.3 The concentration of heavy metals in D. picta in Mukdahan and
Mahasarakham Provinces
The concentration of heavy metals in D. picta in both provinces were
compared as this species was collected in the same month (November 2011) from both
provinces. The concentration of heavy metals in other lichen species were not compared
in this study because they were collected in different months. There is only one species
(D. picta) was found and collected from both provinces. High concentrations of heavy
metals were found iron followed by manganese, zinc, copper, nickel and chromium
(Table 4.10 and Figure 4.4).
The results of heavy metals content in this lichen differed in both provinces.
High heavy metals accumulation was found in the sites of Mahasarakham province in
the order of Public Park, Rajabhat Mahasarakham University, Mueng Campus of MSU,
Museum of MSU, Stadium of MSU and Kukeo Temple. Lower accumulation of these
heavy metals was found from Phouphakud mountain in Mukdahan province. The results
of heavy metals concentration from individual sites were found significantly different at
p < 0.05. The results could be discussed as the lichen collected from Mahasarakham
province are exposed to more pollutant throughout the year. The individual sites from
this province were located close to the main roads and constructions which have many
human activities, vehicle exhaust and combustion fuel. Therefore, these sites were
found to have high concentration of each heavy metals. D. picta from Phouphakud
mountain was found lower concentration of heavy metals this site was located in rural
area containing rich forest, conservation area and was far away from highway. There are
no vehicle exhaust and human activities. Thus, this site could be clean environment than
Mahasarakham province. The result indicated that rural site was low accumulated that

city or downtown. It was responded to Bajpai and Upreti reported in 2012.
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Figure 4.4 Concentration of heavy metals in sites from Mahasarakham and Mukdahan
provinces; Phouphakud mountain (PPK), Kukeo Temple (KKT), Stadium of MSU
(STU), Museum of MSU (MUU), Mueng Campus of MSU (MCU), Rajabhat
Mahasarakham University (RMU) and Public Park (PUB).
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Table 4.10 Concentration of heavy metals content in D. picta from both Mahasarakham and Mukdahan Provinces.
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Concentration of heavy metals (ug g™ + SD)

Stations
Cu Cr Fe Mn Ni Zn

Public Park 17.01+0.94 426 +0.15° 280.55+8.51° 100.39 +4.00° 4.09 +0.26° 59.03 + 2.32°
Rajabhat Mahasarakham 15.86 +0.73°  1.93+0.04* 214.67 +8.29° 120.61+6.51° 571+0.25° 52.71+253°
University

Mueng Campus of MSU 1430+ 0.43"  459+0.19° 227.38+4.48° 12855+ 1.64° 548+0.13"° 30.99+1.23°
Museum of MSU 14.06 +0.26"°  4.87+0.15° 15857 +9.62° 98.19+1.12¢ 581+0.21% 35.86+0.41°
Stadium of MSU 15.30 + 0.10b° 3.97 £0.01° 101.24 +0.48% 88.41+1.30° 4.71+0.02° 30.94 +0.29°
Kukeo Temple 14.43+0.11° 4.83+0.18° 150.96 +7.45° 82.13+1.63" 3.67+0.43% 17.66+0.29°
Phouphakud 10.66 + 0.35°  1.98+0.01* 137.63+8.40° 64.06+2.46° 5.03+0.20° 20.87 +0.63°

ab.c.dande Noean significant differences in the comparison of heavy metals from lichen in column at P < 0.05 (n=3)

L=l
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4.5.4 Examination of chlorophyll

Lichen was affected by nitrogen oxide, sulfur dioxide and heavy metals in
the atmosphere. These toxicity was probably released from vehicle exhaust, waste and
burning fuel. Lichens absorbed or dissolved NO; and NH. throughout metabolize
procedure as well as nutrients. However, excess nitrogen can be toxic. In addition,
lichens in urban area fail to produce soredia and apothecia causes death lichens (Deltoro
et al., 1999). Lichen is widely used as indicator of air quality because they use water
and nutrients from ambient atmosphere for growth. Toxic gases and heavy metals
pollutants cause chlorophyll to degrade, resulting in a declined in photosynthesis.

Chlorophyll in lichen was extracted with Dimethyl sulfoxide (DMSO) and
measured optical density by UV-Visble. Chlorophyll in DMSO solution shows
maximum absorption at 665 and 443 nm. Upon chlorophyll degradation into
phaeophytin, the absorption at 665 nm is reduced while the absorption at 443 nm is
shifted to 415 nm. The results in this study were expressed in term of pheophytin using
calculation from different absorbance values between 415 and 443 nm (415-443 nm)
showed in the Table 4.11 and 4.12. The degradation of chlorophyll in each lichens from
both provinces (Mukdahan and Mahasarakham) were discussed as follows.

In Mukdahan province, the results were compared between individual
lichens and months. In monthly comparison (Table 4.11), the level degradation was
found different in each months. D. picta and P. tinctorum were found high chlorophyll
degradation at 0.25 + 0.31 and 0.30 + 0.04 in November (Figure 4.5 d). While, P.
coccifera was found at 2.81 + 0.18 in October (Figure 4.5 c). L. benguelensis and L.
argentata were found at 0.52 £ 0.07 and 0.82 + 0.48 in June (Figure 4.5 a). The result of
chlorophyll degradation in individual months were found significantly different at p <
0.05. The results could be observed that high having chlorophyll degradation to
pheophytin were found in June and November. Moreover, October was found high
chlorophyll degradation only P. coccifera. The minimum value of chlorophyll
degradation or integrity of chlorophyll was revealed in August. This result could be
discussed that August is in rainy season having hard rain and more pollutant diluted

than each months.
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The observation of individual lichen species found that the high level of
chlorophyll degradation was found in P. coccifera followed by L. argentata, L.
benguelensis, P. tinctorum and D. picta.

In October 2011, P. coccifera was found high value of chlorophyll
degradation at 2.81+ 0.18 while D. picta was detected lower value at 0.12 + 0.12, both
species were foliose. The results in four months showed that the P. coccifera can be
used for evaluation of air pollution than D. picta and P.tinctorum (Table 4.11 and
Figure 4.5). Crustose lichens (L. argentata and L. benguelensis) were detected high
value in June. This study was collected samples in wet season (June to October) and dry
season (November). L. benguelensis showed the results are different between wet and
dry season. While L. argentata was not much difference. In suggestion, crustose lichen
for air pollution is L. benguelensis.

The result of chlorophyll degradation in individual lichens in Mukdahan
province were found significantly different at p < 0.05. The results shown that the
ability of lichens exposed to heavy metals and toxic gases were different deposition.
Moreover, the morphology and physical mechanism in the intracellular of lichens had
different affected on their susceptibility pollutant in the ambient atmosphere (Shakya et
al., 2008). The results indicated that the foliose lichen is more sensitive to air pollution
than the crustose lichen.

In Mahasarakham province, chlorophyll in D. picta from individual sites
and months in this province were discussed. For monthly comparison, maximum
chlorophyll degradation was found in May at 0.61 = 0.00 followed by July at 0.30 +
0.11, March at 0.23 £ 0.00, January at 0.21 £ 0.02 and November at 0.13 £ 0.12 (Table
4.12 and Figure 4.6). The result of chlorophyll degradation in individual months were
found significantly different at p < 0.05. The result could be discussed that May is in
the end of dry season, it could be accumulated pollutant from each months in the
summer. The environmental conditions during this month changed from dry season to
rainy season. Therefore, wind and dust of pollutant could be more distributed to lichens
than each months (Garty et al., 1993).

For comparison of sites, the high chlorophyll degradations were found in
Public Park followed by Rajabhat Mahasarakham University, Stadium of MSU,
Museum of MSU, Mueng Campus of MSU and Kukeo Temple. In March and May was
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high value of chlorophyll degradation, while Public Park showed highest 0.61+ 0.00 in
May and 0.57% 0.04 in Stadium of MSU in the same month. All stations were found
lower value in November 2011 (Table 4.12 and Figure 4.6. a, b, ¢ and d). The results
shown that chlorophyll degradation was found in urban area which was indicated this
area high distributed several pollutant such as dust heavy metals and toxic gases than
the each sites. The result of chlorophyll degradation in individual sites were found
significantly different at p < 0.05. The result could be discussed that Public Park is
located in center city of Mahasarakham province, there are many human activities
throughout the years such vehicle exhaust, combustion fuel, construction and waste
while the other site were less these activities than this site.

The results of chlorophyll degradation in this study from Mudahan and
Mahasarakham provinces were compared and investigated using one lichen such as D.
picta which was collected on November 2011 from both provinces. This species was
selected to evaluated chlorophyll degradation from both provinces because it was
collected same months. The results found that the high chlorophyll degradation was
found at 0.61 + 0.00 in Public Park in Mahasarakham province while Mudahan province
was found lower at 0.25 + 0.31 (Table 4.11 and 4.12 in November 2011). These results
indicated that the urban area is high distribution of pollutant than the rural area. The
case of this result was mention in the previous section, these results were responded to
Manrique et al 1989 and Garty et al.,1993 reports. They results found that urban or
industries site was expressed high chlorophyll degradation than rural site.

From this study, chlorophyll degradation indicated that foliose lichen such
as P. coccifera was found high chlorophyll degradation or high sensitive to pollution
than crustose lichen which is involved itself morphology and intracellular to pollutant in
its ambient atmosphere. This study suggested that P. coccifera could be used for testing

chlorophyll degradation or environmental evaluation.
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Table 4.11 Absorbance of chlorophyll contents in five lichens from Mukdahan Province in 2011.

Months Value of chlorophyll degradation

D. picta P. tictorum P. coccifera L. argentata L. benguelensis
June 0.22 +0.00° 0.19 +£0.31° 0.26 + 0.06" 0.52 £ 0.07° 0.82 +0.48°
August 0.24 +0.10° 0.15+0.10° 0.36 +0.01° 0.36 +0.02° 0.08 +0.14°
October 0.12 +£0.12° 0.17 £ 0.02° 2.81+0.18° 0.36 + 0.48° 0.18 £ 0.14"
November 0.25+0.31° 0.30 + 0.04¢ 0.17 + 0.36° 0.36 + 0.26° 0.54 +0.14°

&b cand@Mean significant differences in the comparison of chlorophyll degradation in column at P < 0.05 (n=3)

Table 4.12 Absorbance of chlorophyll contents of Dirinaria picta from Mahasarakham Province in 2011 to 2012.

Months Value of chlorophyll degradation

PUB RMU MCU MUU STU KKT
November (2011) 0.13+0.12° 0.18£0.03°  0.04+0.04*°  0.09+0.07 0.17+0.11* 0.04 +0.10°
January (2012) 0.21 +0.02° 0.15+0.11*°  0.06 +0.04*  0.12+0.01° 0.12+0.05* 0.10 + 0.00°
March (2012) 0.23 +0.00° 0.25+0.00°  0.21+0.05°  0.26+0.12° 0.42+0.01° 0.22+0.11°
May (2012) 0.61 + 0.00° 0.22+0.01°  0.26%001° 0.22+0.00° 0.57+0.04° 0.23+0.12°
July (2012) 0.30+0.11° 020+0.01° 0.10+0.02° 0.10+025° 0.24+0.01" 0.10+0.03

a.b.candd Mean significant differences in the comparison of chlorophyll degradation in column at P < 0.05 (n=3)

L=l
L2 Mahasarakham University

Public Park (PUB), Rajabhat Mahasarakham University (RMU), Mueng Campus of MSU (MCU), Museum of MSU (MUU),
Stadium of MSU (STU) and Kukeo Temple (KKT).
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CHAPTER 5

CONCLUSIONS

5.1 Optimization of digestion and method validation

The S/A ratio was studied in the range of 0.1:0.5 to 0.1:3 g mI™. It was found
that the optimum S/A ratio for both lichens was 0.1:2.0 g mI'. The digestion
temperature was optimized in the range of 50 to 100 °C for both lichens and the result
showed that the concentration of heavy metals increased with increasing temperature.
Therefore, the optimum digestion temperature was found at 100 °C. The optimization of
digestion time was studied in the range of 10 to 60 min. It was found the optimum for
both lichens at 40 min. The optimum conditions for proposed apparatus were validated.
It was found that the repeatability and reproducibility of the proposed apparatus given

good precision.

5.2 Sample determination

The monitoring of heavy metals content in foliose and crustose lichens was
studied and completed with testing chlorophyll degradation in the Northeast of Thailand
(Mukdahan and Mahasarakham provinces).

In Mukdahan province, five lichen species were found and collected from
Phouphakud mountain covering dipterocarp forest in conservation area. This province
was studied during the rainy season from June to November 2011. The levels of heavy
metals concentration in individual months and lichen species were investigated. In
months, high concentration of iron, zinc, manganese, copper, nickel and chromium were
found in June followed by August, October and November. As, June is beginning of the
rainy season, the accumulation of heavy metals in June could be higher than months in
the rainy season. In lichen species, maximum concentration of iron, zinc and manganese
were found in P. tinctorum. While, maximum concentration of copper, chromium and
nickel were found in D. picta. The result found that foliose lichen more contaminated

heavy metals than crustose lichen.
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In Mahasarakham province, one lichen species was found and studied as D.
picta. The determination of heavy metals accumulated in lichen from this province was
investigated in dry season from November 2011 to July 2012. Moreover, individual
sites surrounding Mahasarakham downtown were studied such as Public Park, Rajabhat
Mahasarakham University, Mueng Campus of MSU, Museum of MSU, Stadium of
MSU and Kukeo Temple. The monthly study revealed increasing concentration from
November 2011 to May 2012 and a decreased concentration in July, with some
exception for some heavy metals and sites. The individual sites in Mahasarakham
province had different concentrations. The high accumulation of heavy metals in this
study was found in the order of Public Park > Rajabhat Mahasakham University >
Mueng Campus of MSU > Museum of MSU > Stadium of MSU > Kukeo Temple.
Highest concentration of iron, zinc, copper and chromium were found in Public Park.
While, maximum concentration of manganese was found at the Museum. Moreover,
maximum concentration of nickel was found at the Stadium.

The comparison of heavy metals concentration from both provinces found that
the Mahasarakham province was high concentration of each heavy metals than
Mudahan province.

Testing chlorophyll found that chlorophyll degradation in both Mukdahan and
Mahasakham provinces were found difference. The chlorophyll degradation in lichens
from Mukdahan was discussed for months and species. In months, P. tinctorum and D.
picta were found high chlorophyll degradation. While, P. coccifera was found in
October. L. benguelensis and L. argentata were found in June. In species, high
chlorophyll degradation was found in P. coccifera followed by L. argentata, L.
benguelensis, P. tinctorum and D. picta, respectively.

For monthly comparison from Mahasarakham province, maximum chlorophyll
degradation was found in May followed by July, March, January and November. For
sites comparison, the high chlorophyll degradations were found in Public Park followed
by Rajabhat Mahasarakham University, Stadium of MSU, Museum of MSU, Mueng
Campus of MSU and Kukeo Temple

These results indicated that high chlorophyll degradation was found in urban

area (Mahasarakham province); while, rural (Mukdahan province) had less chlorophyll
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degradation. Moreover, high degradation of chlorophyll was found in months that were

part of the dry season.

5.3 Application

The data about heavy metals content in lichens from this study can apply for
monitoring of heavy metals in the atmosphere as well as pollutant to evaluate the
environmental quality. P. tinctorum was found more sensitive to air pollution than each
lichen species in this study. Therefore this study suggests that P. tinctorum could be
used for study of monitoring of heavy metal content and chlorophyll degradation in
lichen. This research was first study involving heavy metals in lichen in Northeast of
Thailand. This data can be used to investigate and environmental index between dry and
rainy season. Therefore, the essential data from this study is information that can be led
to environmental conservation activities and environmental protection. The data from

this study will be used for further study.
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