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ABSTRACT

This research aimed to investigate possibility of utilizing two fern species: Pteris tripartita and
Pteris vittata in extracting copper and arsenic in contaminated soils, as well as spiked aqueous media.
Rate and extent of metal accumulation, as well as localization of copper and arsenic in different parts of
the tested fern were also examined. In addition, an observation on effects of a chelating agent EDTA to
copper and arsenic translocation in the tested ferns was conducted.

From the results, both fern species at 7-months old could grow well in a copper contaminated
soil up to 514 mg Cu/ kg soil without any apparent adverse effects. Since the tested soil was polluted
with pig manure, it was high in fertility with elevated total nitrogen content up to 1.48 g N/ 100 g soil,
20.06 % organic matter and 5,150 mg P/ kg soil. After 8 weeks of copper accumulating studies, 156 and
172 ng Cu/g dry weight were observed in the root part of P. tripartita and P. vittata, respectively.
However, only a small amount of copper were accumulated in other parts of the tested plants. For the
petiole and frond, only 17 and 19 pug Cu/ g dry weight, and 8 and 16 pg Cu/g dry weight were found,
respectively. Considering the dry biomass of both ferns, the uptake efficiency of P. tripartita was 369 p
g/ plant almost 3-fold higher than that of 118 pg/ plant of P. vitfata. For arsenic contaminated soil,
growth retardation was observed in both tested ferns. Soil collected from Ron Phibun district contained
high arsenic levels up to 14,761 mg As/kg soil. It was low in fertility with low total nitrogen content of
0.06 g N/ 100 g soil and 0.82 % organic matter. After 8 weeks of arsenic accumulating studies in
arsenic contaminated soil, P. tripartita stored arsenic in root, petiole and frond tissues at the
concentration of 662, 40 and 95 pg As/ g dry weight, respectively, while P. vittata accumulated high
arsenic in its frond at 7,920 ug As/ g dry weight. Arsenic was accumulated at 1,177 and 1,736 pg/ g dry
weight in root and petiole, respectively. The fern P. vittata could store arsenic up to 6,142 pg/ plant
compared to only 793 ug/ plant of P. tripartita.

In copper spiked liquid media, both ferns could tolerate up to 40 mg Cu/ I during the 3 weeks
experimental period. Copper was found mostly in the root of both ferns. For P. tripartita, 35,345 and
487 ng /g dry weight, for P. vittata 29,908 and 1,261 pg/ g dry weight were accumulated in root and
shoot, respectively. In the case of P. tripartita, EDTA could significantly enhance copper translocation
into the shoot. However, a similar result was not observed in P. vittata. The fern P. tripartita could
tolerate up to 5 mg As/ l. Arsenic was found to accumulate mostly in root tissues at 271 ug /g dry
weight and shoot at 131 pug/ g dry weight. Arsenic was less toxic to P. vittata. There was no apparent
toxic effect observed after 3 weeks exposure to 20 mg/I arsenic. Up to 2,412 and 1,774 ng/ g dry weight
could be observed in its shoot and root, respectively. EDTA could not stimulate translocation of arsenic
into shoot of P. tripartita, while it caused significant decrease of arsenic accumulation in shoot of P.
vittata.

The results indicated that both fern species could be utilized for remediation of copper and
arsenic contaminated soil, as well as for treating wastewater containing high copper and arsenic
concentrations. Due to elevated copper levels in the root of both ferns, when applied in the field, the
whole plant, including roots had to be harvested. The fern P. vittata evidently showed characteristics of
arsenic hyperaccumulator. Comparing to P. tripartita, it seemed to be more suitable for the purpose of
remediating arsenic contaminated soils despite smaller biomass.

KEY WORDS : FERN/ UPTAKE/ ARSENIC/ COPPER/ SOIL/ METAL SOLUTION/ EDTA
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CHAPTERI
INTRODUCTION

1.1 Statement of the problem

Utilization of resources for country development, industrial production and an
increment of agricultural products have left contamination of toxic carcinogenic
organic compounds and heavy metals in the environment (1). More than 12 % of soils
under agricultural areas of the entire world contain unnaturally high concentration of
metals (such as aluminum) that limit plant growth and result in low product.
Consequently, nowadays several researchers are trying to find methods for reducing
heavy metal inputs into the agro-ecosystem. (2).

Heavy metals are toxic to environments. For example, copper concentrations as
low as 1-2 pg/liter have been shown to cause adverse effects on aquatic organisms and
at high soil levels copper can be extremely toxic(3). Effects of many metals have also
been known to associate with health problems, particularly in developing country, for
instance; long-term exposure to arsenic in drinking-water was causally related to
increased risks of cancer in the skin (4), low dose chronic arsenic exposure was related
to retardation of physical and intellectual development in children (4). As a
consequence, worldwide concern over heavy metal contamination in soils has steadily
increased over the year.

Remediation of toxic metals areas is challenging. Since metals cannot be
degraded like organic compounds, they must be removed from contaminated soils
either by physical, chemical, or biological means (5, 6). Bioremediation technique
using plants for the removal of toxic metals from soils is a cost-effective method. The
cost of cleaning up a contaminated site using plants was reported to be less than one-
tenth of the price for digging up and trucking the soil to a hazardous waste landfill or

making it into concrete (7). In addition, it is an environmental friendly technique that
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simulates natural processes (8). Consequently, it has been widely accepted from
public, as well as become more popular in the recent year (9, 10).

A variety of plants have been reported as metal hyperaccumulators (11,12).
However, many of them have rarely been used. Due to their small sizes and slow
growth, they are not well suited for phytoremediation purpose. More than 25 percent
of the known hyperaccumulator species are from the Brassicaceae family (13).

Several fern species have also shown this characteristic. They can survive in a
broad range of geography and can take up large amounts of water. The brake fern
Pteris vittata, which grows widely in diverse environmental conditions, has been
reported as an excellent arsenic hyperaccumulator. It could accumulate arsenic in
fronds up to 7,526 pg/ g (dry weight) (14). Other fern species, Pityrogramma
calomelanos, which possess also this ability, could absorb arsenic up to 8,350 pg/g
(dry weight) in fronds (15). This might as well lead to high tolerant to elevated
concentration of other toxic metals.

Another large, fast-growing and widely distributed fern, Pteris tripartita could
also be an appropriate choice for the purpose. Therefore, this study would focus on
whether this fern, in comparison to the known arsenic hyperaccumulator Pteris vittata,
could be as well utilized for the clean up purpose of arsenic contaminated soils. In
addition, removal rate of other toxic metals, such as copper from highly contaminated

soils by the two fern species would be investigated.

1.2 Hypothesis

1.2.1 Pteris tripartita and Pteris vittata are able to accumulate metals exceeding
1,000 pg/ g dry weight biomass.

1.2.2 Pteris tripartita and Pteris vittata have the capacity to store metals in their
above-ground parts higher than under-ground parts.

1.2.3 Chelating agent stimulates both ferns to increase the metal uptake.
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1.3 Objectives

1.3.1 To investigate the efficiency of the two fern species in accumulating
copper and arsenic from aqueous media, as well as from metals contaminated soils.

1.3.2 To study the effects of chelating agents on toxicity of the tested heavy
metals and to observe the translocation of these contaminants into plant.

1.3.3 To examine the localization of each metal in different parts of the tested

fern species.

1.4 Scope of the study

This bioremediation study of metal contaminated soils was performed using two
common fern species, Pteris tripartita and Pteris vittata. The experimental part was
conducted at the Dried Ornamental Plant Production Project, Royal Project
Foundation, Kasetsart University, while the analytical part was done at the Central
Laboratory Facilities of Post-graduate Education, Training and Research Program in
Environmental Science, Technology and Management (ESTM), Faculty of Science,
Mabhidol University. The experiments consisted of 2 parts: the preparation of the tested
fern and the observation of metal accumulation capacity of two ferns from both metal
spiked aqueous media and from metal contaminated soils.

Copper and arsenic were selected for the purpose. For contaminated soil
samples, copper contaminated soils from a pig farm, as well as arsenic contaminated
soils from a tin mine in Ron Phibun District were collected. The experiment in liquid
media was varied in four metals concentrations including chelating agent (EDTA).
Amount of metal accumulation, as well as metal translocation in different parts of the
plants, including roots and shoot were observed. The experiments with polluted soils
and aqueous media lasted 8 weeks and 3 weeks, respectively. For all tested
concentrations, triplicate samples were prepared. Three independent accumulation
experiments were done for each fern species and both the two metal contaminated

soils.
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1.5 Expected Results

1.5.1 Basic knowledge of remediation processes of heavy metal contaminated
soils using the two tested fern species.
1.5.2 Green biotechnology that is relatively cheap and practical for remediating

metal contaminated sites in situ.

1.6 Definitions of Study Terminology

1. Shoot is any portion of a plant that has been formed by one growing point, the
part of the plant coming from the plumule, a sprout (16).

2. Phytoremediation is a biological technique that uses plants to clean-up
polluted soil, water, or air (17).

3. Metal hyperaccumulator is a plant that can accumulate more than 1,000 pg/g
metal in leaves, and often stems, usually greatly exceed those of roots and other

storage (12,18).
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1.7 Conceptual framework
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v

- Metals accumulation in root,

petiole and frond Metal aqueous media

- Growth rate of ferns

Compare metal uptake rates
of selected fern species for
phytoremediation

v

Variable factor

- Metals uptake
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- Miller media and
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e Non-EDTA
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- Experimental conditions

in shoot and root

v

Effect of metal concentrations
and EDTA to metal uptake and
translocation

Figure 1.1 Conceptual framework
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CHAPTER 11
LITERATURE REVIEW

Utilization of trees and plants to purify polluted land has been found to bring
about many advantages. Plants can clean a contaminated site with less labor, noise and
waste (19). The purification cost savings are assumably tremendous when comparing
with traditional techniques. The use of flora in contamination purification draws public

interest.

2.1 Phytoremediation

Phytoremediation is a newly evolving field of science and technology that uses
plants to clean-up polluted soil, water, or air. Pollutants can be remediated by plants
through several natural biophysical and biochemical processes: adsorption, transport
and translocation; hyperaccumulation; or transformation and mineralization (17). For
example, many elemental pollutants enter plants through nutrient transport systems.
The degradation of endogenous toxic organics or their sequestration in vacuoles also
protects plants from toxic xenobiotics and incineration. Furthermore, disposal of the
plants is still cheaper than traditional remediation methods (11). This field is
generating great excitement because phytoremediation techniques may offer the only
effective means of restoring the hundreds of thousands of square miles of land and
water that have been polluted by human activities. The principles behind
phytoremediation may also improve the utility of traditionally marginal lands for

agriculture and forestry.
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2.1.1 History of phytoremediation

During early 1980’s, researchers began scrutinizing the work of other
pioneering phytoremediation technology. After the nuclear accident at Chenobyl,
Ukraine, in 1986 Phytotech began using plants to decontaminate water and soil (20).
This was to be the proving ground for the subsequently state of the art technology.
This technique is phytoremediation, a term coined by Dr. liya Raskin, after results of
the Phytotech experiments were published. In 1990 phytoremediation was adopted as
the method of choice to control Nitrogen contaminated aquifers in New Jersey. The
first Livimg Machine was designed and constructed in Europe in 1995, which lead to
researching genetic engineering applications. Research proved that some specific

plants were capable of removing the toxins of certain metals (1).

2.1.2 Phytoremediation limiting factors

There are many factors that take parts in the relative success (21) of
phytoremediation:
1) Type and consistency of soil;
2) Presence of debris in the soil;
3) Length of the growing season;
4) Initial metal concentration;
5) Weather conditions during the growing season
6) Application rate of chelate and soil acidifier.

Bioavailability of heavy metals in metal-contaminated soils depends on
physical, chemical and biological factors. Physical (structure, penetrability) and
chemical factors (Eh, pH, speciation, and concentration) give the framework in which
biological factors can modify the metal availability by the release of oxygen, protons,
and organic acids and by the association with mycorrhizal fungi (22).

Time is also a phytoremediation crucial factor. Even under the best
conditions, a several years were still required in the phytoremediation process in order

to obtain acceptable remediation results.
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2.1.3 Advantages of phytoremediation

A significant advantage of phytoremediation is that various organic and
inorganic compounds are amenable to the phytoremediation process.
Phytoremediation can be used either as an in situ or ex situ application (5). In situ
applications are frequently considered because this kind of applications minimizes
disturbance of the soil and surrounding environment and also reduces the spread of
contamination via air and waterborne wastes. Other advantages of phytoremediation
are (11) aesthetically pleasing, solar driven source, and relatively low cost. Planting
vegetation on a site also help reduces the erosion occurred from wind and water.
Phytoremediation may leave usable topsoil intact. The resulting ash, that is
approximately 20-30 tons per 5000 tons soil, can stimulate bioremediation in the soil
closely associated with the plant root. Plants can stimulate microorganisms through the

release of nutrients and the transport of oxygen to their roots.

2.2 Criteria of phytoremediation

The plants that are most suitable for phytoremediation are those which have
hay crop characteristics (tall, high yielding, fast growing, and easy to harvest). There
are three considerations in the selection of plant to be used as hyperaccumulators.
Firstly, the plants must be able to tolerate high levels of the element or compound in
the root and shoot cells. This is achieved by the plant’s ability to compartmentalize
those chemicals. Secondly, the plants must have the ability to translocate an element
from roots to shoots at high rates. Thirdly, the element or compound must be in
solution condition and the solution concentration must be high enough to be taken up

by the plants (23).
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Table 2-1 List of some plants found to possess the ability to remediate certain

chemicals (11).

Plant Chemicals
Arabidopsis Mercury
Bladder campion Zinc, Copper
Brassica family (Indian Mustard & Selenium, Sulfur, Lead, Cadmium,
Broccoli) Chromium, Nickel, Zinc, Copper, Cesium,
Strontium
Buxaceae (boxwood) Nickel
Compositae family Cesium, Strontium
Euphorbiaceae Nickel
Tomato plant Lead, Zinc, Copper
Trees in the Populus genus (Poplar, Pesticides, Atrazine, Trichloroethylene
Cottonwood) (TCE), Carbon tetrachloride, Nitrogen

compounds, 2.,4,6-trinitrotoluene (TNT),
hezahydro-1,3,5-trinitro-1,3,5 triazine

(RDX)
Pennycress Zinc, Cadmium
Sunflower Cesium, Strontium,Uranium
genus Lemna (Duckweed) Esplosives wastes
Parrot feather Explosives wastes
Pondweed, arrowroot, coontail TNT, RDX
Perennial rye grass Polychlorinatedphenyls (PCP’s)

polyaromatichydrocarbons (PAH’s)

2.3 Mechanisms used for the phytoremediation

There are a number of different types of phytoremediation processes, which
cover a large number of different organic and inorganic compounds. These four
subsets of phytoremediation are termed as phytoextraction, phytostabilization,

rhizofiltration, and phytovolatilization (5).

2.3.1 Phytoextraction

In this process, plant roots absorb the contaminants along with other
nutrients and water. The contaminant mass is not destroyed but ends up in the plant
shoots and leaves. This method is used primarily for wastes polluted with metals
(5).The metals are stored in the plant’s aerial shoots, which are harvested and either

smelted for potential metal recycling/recovery or are disposed of as a hazardous waste.
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2.3.2 Phytostabilization

Phytostabilization, also referred to as in-place inactivation, is primarily
used for the remediation of soil, sediment, and sludges. It is the use of plant roots to
limit contaminant mobility and bioavailability in the soil (5). The plants primary
purposes are to: 1. decrease the amount of water percolating through the soil matrix,
which may result in the formation of a hazardous leachate, 2. act as a barrier to prevent
direct contact with the contaminated soil, and 3. prevent soil erosion and the

distribution of the toxic metal to other areas.

2.3.3 Rhizofiltration

Rhizofiltration is primarily used to remediate extracted groundwater,
surface water, and wastewater with low contaminants. It is defined as the use of plants,
both terrestrial and aquatic, to absorb concentrate and precipitate contaminants from
polluted aqueous sources in their roots. Another advantage is that contaminants do not
have to be translocated to the shoots (5). Thus, species other than hyperaccumulators
may be used. Terrestrial plants are preferred because they have a fibrous and much

longer root system, increasing the amount of root area.

2.3.4 Phytovolatilization

Phytovolatization involves the use of plants to take up contaminants from
the soil, transforming them into volatile forms and transpiring them into the
atmosphere. Mercuric mercury is the primary metal contaminant that this process has
been used for (5). The advantage of this method is that the contaminant, mercuric ion,
may be transformed into a less toxic substance. The disadvantage to this is that the
mercury released into the atmosphere is likely to be recycled by precipitation and then
redeposited back into lakes and oceans, repeating the production of methyl-mercury by

anaerobic bacteria.
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2.4 Metal hyperaccumulation

Peterson,1971 defined metal accumulation in two ways: 1) accumulation of an
element within an organism to concentrations greater than those found in the growth
medium and 2) possession of greater quantities of an element than is usual for that
organism.

Brooks et al.,1977a used the term hyperaccumulators to describe plants with
Ni concentrations > 1,000 pg/g (0.1%) in their dried leaves, which is at least an order
of magnitude greater than Ni concentrations present in nonaccumulator plants found
on nickeliferous soils (12). This criterion was also considered appropriate to specify
hyperaccumulation of copper and lead, while for zinc a threshold of 10,000 pg/g (1.0
%) in dried plant material was suggested because of greater background
concentrations of this metal (Table 2-2). Metal hyperaccumulation by terrestrial
vascular plants was reviewed by Baker and Brooks,1989, and nickel

hyperaccumulation has been discussed in details by Reeves,1992.

Table 2-2 Number of metal hyperaccunulator plants (12)

Metal Criterion (% in No. of Taxa No. of Families
Leaf Dry Matter)
Cadmium >0.01 1 1
Cobalt >0.1 28 11
Copper >0.1 37 15
Lead >0.1 14 6
Manganese >1.0 9 5
Nickel >0.1 317 37
Zinc >1.0 11 5

Recent studies have further extended the range of species known to be capable
of metal hyperaccumulation. This is an extreme evolutionary response to the presence
of high metal concentrations in the soil and is not a common characteristic of
terrestrial higher plants (12). Taxonomically, the metal hyperaccumulators identified
to date account for less than 0.2% of all angiosperms. Metal concentrations in leaves,
and often stems, of hyperaccumulators greatly exceed those of roots and other storage
organs. Many of the known hyperaccumulators are biennial or short-lived perennial

herbs, or are shrubs or small trees.
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2.5 Transportation of metal in plant

Root surfaces, which have evolved specifically to adsorb elemental nutrients
from soil and pore water, have extraordinarily large surface areas and high-affinity
chemical receptors. In the process of adsorption, root surfaces bind many elemental
pollutants as well as nutrients (23). In soils, of course, these adsorption processes are
orders of magnitude less efficient than in liquid medium because root surfaces must
compete for nutrients with diverse particulate soil materials. In response to nutrient
metal ion deficiencies, plants secrete phytosiderophores such as mugenic and avenic
acids. These metal-chelators increase the bioavailability of metals that are otherwise
tightly bound to the soil and help to carry them onto plant tissues (23). Synthetic
chelators can mimic these effects. For example, when ethylene diamine tetra-acetic
acid (EDTA) is added to lead (Pb [II]) contaminated soil, there is a >100-fold increase
in the uptake and transport of the lead-EDTA-chelate (Figure 2-1) in to stems and

leaves.
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a) The ZIP transporter families can bring toxic metal ions through the plasma membrane (PM) in root
and /or through the tonoplast membrane (TM) in to vacuoles.
b) Secreted citrate can form tetrahedral metal complexes that block Al (III) transport in to roots

c) The additive EDTA can form hexahedral metal ion complexes with metals.

Figure 2-1 Transportation of metals and chelating agents (23).
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2.6 Copper

2.6.1 Physical and chemical properties

Copper is a reddish-brown, ductile and malleable metal. It belongs to
group IB of the Periodic Table (24). In compounds found in the environment it usually
has a valence of 2 but can exist in the metallic, +1 and +3 valence states. Copper is
found naturally in a wide variety of mineral salts and organic compounds, and in the
metallic form. The metal is sparingly soluble in water, salt or mildly acidic solutions,
but can be dissolved in nitric and sulfuric acids as well as basic solutions of

ammonium hydroxide or carbonate.

2.6.2 Environmental levels and human exposure

Average background concentrations of copper in air in rural areas range
from 5 to 50 ng/m’. Copper levels in seawater of 0.15 pg/liter and in fresh water of 1-
20 ug/litre are found in uncontaminated areas. Sediment is an important sink and
reservoir for copper. Background levels of copper in natural freshwater sediments
range from 16 to 5000 mg/kg (dry weight). In anoxic sediments copper is bound
strongly by sulfide and therefore not bioavailable (24). Median copper concentrations

in uncontaminated soil were reported to be 30 mg/kg (range 2-250 mg/kg).

2.6.3 Human toxicity and organism

Copper is an oligoelement essential for the good function of the
constitution of living organisms. In particular, copper is essential for human beings
and animals that have to absorb several milligrams of it per day to form hemoglobin
(3). The copper quantities in living organisms vary from 1 to 10 mg per kilo. The
copper required for an adult ranges from 1.5 to 3 mg per day. The lack of copper,
rarely diagnosed in man, provokes anaemia, nervous and depigmentation problems.
The normal diet of an animal must contain at least 5 to 10 mg of Cu per kg of dry food

(3). In the case of accidental or chronic absorption of copper, the human organism
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eliminates the absorbed copper in a massive and rapid manner (90%) as faeces.
Intestinal absorption of copper is rare. The kidneys also show a strong tendency to
eliminate excess copper, impeding its accumulation in the organism

Copper concentrations as low as 1-2 ug/litre have been show to adverse
effects on aquatic organisms. In natural phytoplankton communities chlorophyll a and
nitrogen fixation were significantly reduced at copper concentrations of > 20 pg/letre
and carbon fixation was significantly reduced at > 10 pg/litre. Although plants require

copper as a trace element, at high soil levels copper can be extremely toxic (24).

2.6.4 Copper in pig manure

Copper is required by animals to support the biological processes of life
(25) and is found throughout the body in muscle tissue, internal organs, blood, bones
and hair. Although it has many diverse functions in the body, the major role of copper
is as a constituent of a number of important metalenzymes.The dietary requirement for
copper ranges from 2 to 10 ppm for most animals. Pigs require 3 to 6 ppm copper,
depending on the stage of growth.

Copper is unique in that when it is added to pig diets at a high level
(much higher than the nutritional requirement), copper stimulates growth and feed
conversion much as antibiotics do (25). This effect is particularly evident in young
pigs.

The most commonly used source of copper is copper sulfate pentahydrate
(CuSOy4). The bluish colored mineral salt is sometimes called “bluestone”. CuSOyq4
contains about 25% copper. Many other forms of copper exist, and some are as
effective as CuSOy in the diet (e.g., copper carbonate, copper chloride), while others
are totally ineffective (e.g., copper oxide, copper sulfide).There was concern about
applying high-copper slurry to pastures grazed by sheep (25) because of their extreme

sensitivity to copper toxicity.
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2.7 Arsenic

2.7.1 Physical and chemical properties

Arsenic is a metalloid widely distributed in the earth’s crust and present
at an average concentration of 2 mg/kg. It occurs in trace quantities in all rock, soil,
water and air. Arsenic can exist in four valency state: -3, 0, +3 and +5. Under reducing
conditions, arsenite (As(IIl)) is the dominant form; arsenate (As(V)) is generally the
stable form in oxygenated environments. Elemental arsenic is not soluble in water.
Arsenic salts exhibit a wide range of solubilities depending on pH and the ionic

environment (26).

2.7.2 Environmental levels and human exposure

Mean total arsenic concentrations in air from remote and rural areas
range from 0.02 to 4 ng/m’.Concentrations of arsenic in open ocean seawater are
typically 1-2 pg/litre.Arsenic is widely distributed in surface freshwaters, and
concentrations in rivers and lakes are generally below 10 pg/litre.Arsenic levels in
groundwater average about 1-2 pg/litre (26).Background concentrations in soil range
from 1 to 40 mg/kg, with mean values often around 5 mg/kg. Marine organisms
normally contain arsenic residues ranging from < 1 to more than 100 mg/kg,
predominantly as organic arsenic species such as arsenosugars (macroalgae) and

arsenobetaine (invertebrates and fish).

2.7.3 Human toxicity and organism

Soluble inorganic arsenic is acutely toxic, and ingestion of large doses
leads to gastrointestinal symptoms, disturbances of cardiovascular and nervous system
functions, and eventually death (26). In survivors, bone marrow depression,
haemolysis, hepatomegaly, melanosis, polyneuropathy and encephalopathy may be

observed. Long-term exposure to arsenic in drinking-water is causally related to
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increased risks of cancer in the skin, lungs, bladder and kidney, as well as other skin
changes such as hyperkeratosis and pigmentation changes.

Unchalee Siripitayakunkit reported that low dose chronic arsenic
exposure as shown by hair samples was related to retardation of physical and
intellectual development in children. Prevention of further arsenic exposure such as a
consumption of arsenic contaminated water should be immediately implemented (4).

Aquatic and terrestrial biota shows a wide range of sensitivities to
different arsenic species. Their sensitivity is modified by biological and abiotic
factors. In general, inorganic arsenicals are more toxic than organoarsenicals and
arsenite is more toxic than arsenate. The mode of toxicity and mechanism of uptake of

arsenate by organisms differ considerably.

2.7.4 Arsenic at tin mine

Thailand is one of several countries in Southeast Asia that mine for tin.
The waste piles from this tin mining have high arsenic level (as arsenopyrite) which
possibly leaches out and contaminates local soil and groundwater. The groundwater
can serve as a water source for local people, like the case in the Ron Phibun District
(Nakorn Si Thammarat Province). Human health problems in these areas resulting
from drinking As-contaminated water are chronic As-poisoning (arsenicosis), skin
cancer and bladder canner. In 1996, more than 1000 people in the Ron Phibun District
were found to be suffering from arsenicosis and the population “at risk” was estimated

at 30,000 (15,27).

2.8 Chelation-assisted metal accumulation in plants

Key factors that control the rate at which the contaminants are removed from
the soil by plant-based cleanup systems are the ability of the plant to accumulate,
without suffering toxic effects, large concentrations of contaminant, and the rate and
extent at which the contaminants are made available for plant uptake.

Phytoremediation is the result of matching the growth of selected and adapted plants
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with the gradual but complete release of the contaminants from the soil’s binding sites
into the soil solution in plant available forms.

Heavy metals are bound to soil components in varying degrees, depending on
soil conditions such as pH, clay content, organic matter, redox potential. Plant-
available metals include species that are readily soluble or exchangeable, while metals
that are more strongly adsorbed/bound to organic matter or co-precipitated with oxides
are generally not available for plant uptake. One way to increase metals availability is
to selectively “leach” them into the soil solution using chelating agents.

Chelating agents increase metals diffusion in the soil solution and keep them in
plant available forms by forming large, less reactive ions, by increasing the
concentration of these larger chelated ions in solution, and by decreasing the ability of
the free ions to react with the soil. Natural chelating agents (organic acids such as
citric and acetic) released by plant roots make the ions of both nutrients and
contaminants more mobile in the soil. Plants can usually break the chelation bond,
take up the metal, and release the chelant back in the soil solution (28).

R. Barlow et al,2000 reported that seedlings of Sesbania drummondii (29)
were increased lead (Pb) hyperaccumulation when addition of a chelating compound
had been executed (EDTA).

Gregorio B. Begonia et al. studied phytoextraction of Pb in soil by morning
glory (lpomoea lacunosa L.). The extraction was enhanced by adding 5 mM EDTA;
with increasing concentration of applied EDTA, and then lead to a corresponding
increase in the amount of Pb translocated to the shoots. Uptake of Pb was evident only
in roots of Seshania exaltata with a 5 mM EDTA amendment (30).

Charles Rhyne and Sumita Ghosh studied (31) Sesbania exaltata and [pomoea
lacunosa grown at 500 mg/l Pb. EDTA and the study found the ability to stimulate Pb
accumulation in shoots in both species.

Y.X.Chen et al.found that addition of citric acid decreased the adsorption of
both lead and cadmium. Such an effect was bigger for cadmium than lead. The
decrease on the adsorption of Pb and Cd was mainly due to a decrease of pH in the
presence of citric acid. The presence of citric acid could alleviate the toxicity of Pb

and Cd to radish, and stimulate their transportation from root to shoot (32).
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M.D. Jarvis, D. W. M. Leung reported that lead supplied in unchelated form
accumulated predominantly in root tissue, Pinus radiata, lead chelated with either H-
EDTA or EDTA was transported principally to the needles (33). And they studied
Chamaecytisus palmensis growing 1in hydroponic culture. Unchelated lead
accumulated predominantly in root tissue, while lead chelated with either H-EDTA or
EDTA was taken up principally by the shoots (34).

Hong Chen, Teresa Cutright found that EDTA at the rate of 0.5 g/kg
significantly increased the shoot concentrations of Cd and Ni from 34 and 15 to 115
and 117 mg/kg in Helianthus annuus, respectively. The total removal efficiency for
EDTA was 59 ng/plant. HEDTA at the same application rate resulted in a total metal
uptake of 42 pg/plant (35).

However, chelating agent doesn’t always stimulate metal accumulation of
plant. It particularly depended on many factors such as plant species and metal species
as the following researches.

P. Yong and J.L. Schnoor found that sunflowers had no significant difference
of uptake efficiency between group no EDTA versus added EDTA. These results
indicate that lead availability in hydroponic solution was not limited and chelation by
EDTA may only increase the bioavailability of lead in soil. Although the presence of
EDTA did not affect lead uptake, it did significantly influence lead transport between
plant tissues resulting high lead accumulation in shoot tissues (36).

Lombi et al. reported (37) that the high concentration of Cu in the agricultural
soil severely reduced the growth of T. caerulescens, thus limiting its phytoextraction
potential. The EDTA treatment greatly increased the solubility of heavy metals in both
soils, but this did not result in a large increase in metal concentration.

Although, addition chelating agent in soil increased metal in plant
accumulation but it also increased metal concentrations of leachate that probably is
higher than water standard.

A. Barona et al. reported that EDTA was able to extract certain amounts of Pb,
Zn and Ni from the silicate matrix, which implied that these extractable amounts were
not so strongly fixed to the residual fraction as previously supposed. As a
consequence, after EDTA application, metal content especially Pb remained more

weakly adsorbed to soil components more easily leachable (38).
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F. Madrid et al. reported the chelate increased concentrations of heavy metals
in shoots. With or without plants, the EDTA mobilized Cd, Fe, Mn, Ni, Pb, and Zn,
which leached to drainage water. Drainage water from columns without EDTA had
concentrations of these heavy metals below detection limits. Only Cu did not leach in
the presence of EDTA .The drainage water from columns with EDTA had

concentrations of Cd, Fe, Mn, and Pb that exceed drinking water standards (39).

2.9 Phytoremediation of copper

There were many findings that research copper accumulation of plant, copper
hyperaccumulators in contaminated site and effect of chelating agent to plant
transportations.

Merced Del Rio et al. reported that many trace metals such as Pb, Cu, Zn, Cd,
TI, Sb and As reached the Donana National Park, the largest wetland area in Europe,
affecting soils, different plant and animal species. Among the 99 different plant
species studied, Anchusa azurea, Beta vulgaris, Chamaemelum fuscatum, Convolvulus
arvensis, Cynodon dactylon, Diplotaxis virgata, Erodium aethiopicum, Lavatera
cretica, Malva nicaeensis, Silybum marianum and, above all Amaranthus blitoides
highlight as the most promising to be used in the remediation of the affected area (40).

H. Dahmani-Muller et al.found that the concentrations of Zn, Cd, Pb, and Cu in
Agrostis tenuis roots were greater than concentrations in leaves, indicating significant
metal immobilization by the roots. For C. halleri, Zn and Cd concentrations in leaves
were > 20,000 and > 100 mg/kg, respectively, indicating hyperaccumulation of these
elements. Armeria maritima ssp. halleri exhibited root concentrations of Pb and Cu
that were 20 and 88 times greater, respectively, than those in green leaves, suggesting
an exclusion strategy by metal immobilization in roots (41).

Lori A. Polette reported that creosote takes up or adsorbs copper from the soil
in the Cu(Il) oxidation state and transports it to the leaves where copper is found as
Cu(I) and Cu(II).The transport agent appeared to be a Cu phytochelatin. Additionally,
creosote may be immobilizing and excreting copper via at least two additional
mechanisms: storage of metals in vacuoles and excretion of copper into the sticky

resinous substance found on the leaf surface (42).
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T.V. Nedelkosla and P.M. Doran reported that the uptake of Cd and Cu by
hairy roots of several hyperaccumulator and non-hyperaccumulator species was fast.
Similar Cu level were accumulated by Hyptis capitata, Polycarpaea longiflora and N.
tabacum hairy roots after short-term exposure to 1,000 ppm Cu; under the same
conditions, the Cu content in Euphorbia hirta hairy roots was 28% lower. Growth of
H. capitata roots was slightly reduced in the presence of EDTA, but was unaffected by
addition of both EDTA and 20 ppm Cu to the medium (43).

2.10 Phytoremediation of arsenic

Phytoremediation of arsenic was excited. Arsenic was extremely toxic to
organism. Many researches found that ferns could highly accumulate arsenic in frond.
The findings about transportation of arsenic species in plant and Chelation-assisted
arsenic accumulation are demonstrated as followings.

P. Visoottiviseth et.al,2002 found that two species of ferns (Pityrogramma
calomelanos and Pteris vittata ), which were collected from arsenic contaminated
areas from mining tailings (Ron Phibun) had properties for phytoremediation and
could accumulate in the frond up to 8350 pug/g (dry weight) (15,27).

Pickering, I J; Prince, R C; George et al. reported that after the arsenate uptake
by the roots, possibly via the phosphate transport mechanism, a small fraction is
exported to the shoot via the xylem as the oxyanions arsenate and arsenite (44). Once
on the shoot, the arsenic is stored as an As(III)-tris-thiolate complex. The majority of
the arsenic remains in the roots as an As(IIl)-tris-thiolate complex, which is
indistinguishable from that found in the shoots and from As (III)-tris-glutathione. The
addition of the dithiol arsenic chelator dimercaptosuccinate to the hydroponic culture
medium caused a 5-fold-increased arsenic level in the leaves, although the total
arsenic accumulation was only marginally increased.

Richard Pongratz reported that arsenate in soil was found to be the major
component. Due to microbial activity, transformation from arsenate to arsenite,
resulted in monomethylarsonic acid and dimethylarsinic acid also being present. The
measurements showed that the transformations induced by microorganisms in the

highly contaminated soil lead to a detoxification (45).
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Lin Nie et al. have shown the first clear evidence of arsenic phytoremediation
using transgenic canola (Brassica napa) plants. These plants can tolerate several
different environmental stresses, including heavy metals.Under growing conditions of
2 mM arsenate, the canola transgenic plants show better seed germination, higher fresh
and dry weight in roots and shoots, and higher concentrations of chlorophyll and
protein. However, the most important characteristic is their ability to accumulate up to
four times more arsenate compared with non-modified canola plants (46).

Lena Q. Ma et al. found brake fern (Pteris vittata) growing on a sites in central
Florida contaminated with chromated copper arsenate. Of 14 plant species were
studied, only brake fern contained large amounts of arsenic (As; 3,280-4,980 ppm).
Arsenic concentration in fern fronds growing in soil spiked with 1,500 ppm arsenic
increased from 29.4 to 15,861 ppm in two weeks (14).

Chen Tongbin et al. (8) reported that Pteris vittata L. in China by the field
survey. In the control of pot trials with normal unpolluted soil containing 9 mg/kg of
arsenic, the bioaccumulation coefficients of the above ground parts and rhizoids of
Chinese brake were as high as 71 and 80 respectively. Greenhouse cultivation in the
contaminated soil from mining areas has shown that more than 1 times greater arsenic
can be accumulated in the leaves of the fern than that of field samples with the largest
content of 5,070 mg/kg As on a dry matter basis.

Weihua Zhang et al. reported the ability of Brake fern as an arsenic
hyperaccumulator. It transfers arsenic rapidly from soil to aboveground biomass with
only minimal arsenic concentration in the roots. The arsenic is found to be
predominantly as inorganic species; and it was hypothesized that the plant uptakes
arsenic as arsenate [As(V)] and arsenate was converted to arsenite [As (III)] with the
plant (47).

Kevin Francesconi et al. found that the fern Pityrogramma calomelanos is a
hyperaccumulator of arsenic that grows readily on arsenic-contaminated soils in the
Ron Phibun district of southern Thailand. Fern accumulates arsenic mostly in the
fronds (up to 8,350 pgAs/g dry mass) while the rhizoids contain the lowest
concentrations of arsenic (88-310 ugAs/g dry mass). In soil most of this arsenic was

presented as arsenate. The arsenic in the fern rhizoids was presented as arsenate. In
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contrast, arsenic in the fern fronds was presented mainly as arsenite with the remainder

being arsenate (18).
2.11 Two fern species

2.11.1 Pteris tripartita

This fern is large and distinctive. The frond is a meter or more high
consists of five identical parts. The stem branches first into three parts, hence the

species name "tripartita," then each of the side branches furcates from its origin (48).

Figure 2-2 Pteris tripartita

The frond is glossy and smooth. The regular curve outline of the pinnae

is attractive. Sori line the edges of the pinnae. This fern is always found in the moist

soils throughout fern forest.
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2.11.2 Pteris vittata

Pteris vittata is native to Africa, Asia, and Australia. The once-divided
fronds are dark green. The pinnae are lightly serrated along the edge (48). The pinna at
the tip of the frond is usually longer than the other pinnae, and its base is clearly
unevenly divided. Plants growing on open rock are usually much smaller than plants

growing in rich soil. Spores form lines along the edges of each pinna.

Figure 2-3 Pteris vittata
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CHAPTER III
MATERIALS AND METHODS

The study of metal remediation of Pteris tripartita and Pteris vittata composed
of several parts. The ferns were propagated and cultivated at the Dried Ornamental
Plant Production Project, Royal Project Foundation, Kasetsart University. Liquid
media was freshly prepared at Botany department, Faculty of Science, Kasetsart
University. Metal digestions and analysis of metal quantity were carried out at Central
Laboratory Facilities of Post-graduate Education, Training and Research Program in
Environmental Science, Technology and Management (ESTM), Faculty of Science,
Mahidol University.
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3.1 Experimental procedure

The process of this study was shown in figure 3-1 as follows:

- Pteris tripartita
- Pteris vittata

Spores of two fern species

|

Spore cultivation

Metal accumulation tests with ferns
approximate 25-30 cm. in height

Tests in metal contaminated soils for 8 weeks
- Cu contaminated soil from a pig farm

- As contaminated soil from a tin mine in Ron
Phibun District

Tests in metal contaminated aqueous
media for 3 weeks

:

i l Treatments with EDTA
addition

Soil properties Growth rates observation

analysis - height

- Metals contents - amount of fronds

- Total N

- Organic matter

A 4

- ng/g dry weight
- uptake / one plant

Analysis of accumulation of ferns

A

Figure 3-1 Experimental procedure
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3.2 Materials and equipments

3.2.1 Chemical reagents

All chemical reagents were analytical grade.

3.2.2 Equipments

1.

2
3.
4
5

C 0 @S

Balance (Mettler Toledo model PG2002-S )

. Digestion system (I tecator model 2006)

Filter paper (Whatman No.5)

. Flame atomic absoption spectrophotometer ( VARIAN SpectrAA 220FS)
. Graphite atomic absoption spectrophotometer (VARIAN SpectrAA 220Z

and GTA 100Z)

Hot plate and magnetic stirrer

Kjeldahl distillation apparatus (I Tecator model 1026 )
Kjeldahl flask

Microwave digester (CEM model 047919 MARX HP 1500)

. pH meter (ORION model EA 940)

. Sieve 2 mm and 355 um

. UV-visible spectrophotometer (Jasco model V-530)
. Thermometer

. Volume metric Flask

3.3 Fern Propagation

Fronds bearing spores of Pteris tripartita were collected from a fern nursery at

the Dried Ornamental Plant Production Project and Pteris vittata were collected from

Sai Yok Noi Waterfall, Kanchanaburi Province in September 2002. Then, they were

kept in paper bags for 5 days for falling spores. These spores were allowed to

germinated in controlled conditions at 25°C in peat moss. After germinated,

germination, gametophyte and sporophyte stage were recorded (49). And the seedlings

were cultivated in 3 inches pots in a fern nursery at the Dried Ornamental Plant
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Production Project, Royal Project Foundation, Kasetsart University to the required

sizes.

3.4 Accumulation studies in copper and arsenic contaminated soils

Two different contaminated soil samples were collected at 0-15 cm depth (15).
These included copper polluted soil from a pig farm in Bangpa district, Ratchaburi
Province, and arsenic contaminated soil at tin mine from Ron Phibun District, Nakorn
Si Thammarat Province (Figure 3-2). Physical and chemical properties of these soils

were analyzed in parameters following Table 3-1 before starting the experiments.

Table 3-1 Method for determining soil properties

Parameter Method Reference
Cu content Acid digestion and FAAS ETHOS SEL, 2000  (50)
As content Acid digestion and GAAS ETHOS SEL, 2000  (50)
pH Ratio 1:1 Peech, 1965 (51)
Total N Kjeldahl Bremner, 1965 (51)
Organic Matter Wet oxidation Walkley, Black, 1947 (51)
Available P Bray II Bray, Kurt, 1945 (52)
CEC Ammonium saturation Chapman,H.D. 1965 (53)

Pteris tripartita and Pteris vittata were approximately 25-30 cm height were
planted in each plastic pot with a diameter of 5 inches (1.4 liter). There were two type
controls in this experiment. The first control was conducted by planting these ferns in
the soils containing low metals contents that kept from the same site in order to be
similar in soil properties. The second control was the soils that unplanted fern species.
All the experiments were conducted under natural condition with 50 % shade (Figure
3-3). The plants were watered daily or as needed. Height of each plant was recorded
every two weeks (49). The experiment lasted 8 weeks. Each experiment was carried
out in triplicates, each replicate planted 2 ferns. And the experiment was repeated 3
times. These ferns were harvested and analyzed metal accumulation at root

(underground part including root stock), petiole and frond parts.
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Figure 3-2 The sample sites where contaminated soil were collected.

A) copper contaminated soil from pig farm was collected near pigsty.

B) copper uncontaminated soil was collected at pig farm.

C) arsenic contaminated soil from tin mine was collected at Ronna- Suangchan
mountain near Yib in Soil dressing plant. This place where the arsenopyrite
mine tailing was stored.

D) arsenic uncontaminated soil at Ronna- Suangchan mountain.

Figure 3-3 Ferns were planted in the metals contaminated soils

A) P. tripartita and B) P. vittata in contaminated soils.
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3.5 Accumulation studies in copper and arsenic spiked aqueous media

The ferns at approximately 30 cm height were chosen for investigating effects of
metal concentrations on accumulation efficiency of both fern species in aqueous
Miller and Miller media (49). All the experiment was conducted under natural
condition with 50 % shade (Figure 3-4). These ferns were acclimatized for 1 week
before testing metals accumulations. Modified Miller &Miller media was consisted of
low P (KH,PO4 0.01 mM) because phosphate is capable of reducing metal uptake by
precipitating metals (15, 54). For metals concentrations, arsenic (As) were used in the
form of Na;HAsO4.H,O and copper (Cu) of CuCl,.2 H,O at concentrations according
to Table 3-2.

The media was controlled at pH 6 (55) to not exceed the suit of fern growth
using the MES (1 mM) buffer. For testing influence of a chelating agent on
accumulating processes, 0.1 mM EDTA was added to each test container with a
diameter of 4 inches (0.9 liter) both copper and arsenic. Every three day, media in each
individual container was substituted with freshly prepared media. The experiment
lasted 3 weeks. Each experiment was carried out triplicates, each replicate used 3
ferns. And the experiment was repeated 3 times. The ferns were harvested and
analyzed metal accumulation at shoot and root parts (underground part including root

stock).

Figure 3-4 P. tripartita was treated with metal spiked aqueous solution
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Table 3-2 Metals concentrations were conducted in aqueous experiment

Cu concentrations As concentrations EDTA testing
(mg/l) (mg/l)
P. tripartita 5, 10, 20, 40 0.75,1.25,2.5,5 40 mg Cu/l and 2.5 mg As/l
P. vittata 5, 10, 20, 40 2.5,5,10,20 mg Cu/l and 20 mg As/l

3.6 Soils and plants preparation

Soil samples of 300 g were collected, and then dried in a hot air oven at 60° C for
12 hours. After that the dried soils were sieved pass a 2 mm mesh sieve for eliminating
plant litters (15). Then the soils were ground, sieved pass a 355 um mesh sieve and
analyzed soil properties according to Table 3-1

For plant samples, they were washed by tap water and rinsed with deionized
water. And the ferns were separated in roots, petioles and fronds. They were dried at
60° C until constant weight was obtained. The hot dried samples were ground and kept

at ambient temperature (47).

3.7 Metals analysis of soils and plants

Nitric acid and hydrogen peroxide were selected to extract metal in plant tissue
because of obtaining the values close to accepted values (56). Plant samples of 0.2 g
were added with 8§ ml of 65% HNO; and 2 ml of 30 % H,O, (50), then the acid
mixtures were inserted in microwave digester and the microwave was programmed as

shown in Table 3-3

Table 3-3 Applied microwave programs for digestion in plant and soil

Step No. Time Pressure Temperature Microwave power
(min) (psi) O (W)
1 15 200 200 Up to 1,200

2 10 200 200 Up to 1,200
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Soil samples were digested in microwave similar to plant samples. Soils 0of 0.3 g
were added with 3 ml of 37% HCI and 10 ml of 65% HNO;.The microwave program
for soil digestion was as same as plant digestion shown in Table 3-2

The solutions were filtered through the filter paper (Whatman No.5) then the
volumes were made with deionized water up to 50 ml. The extracted solutions were
analyzed metals using flame atomic absorption spectrometer for copper analysis and

graphite atomic absorption spectrometer for arsenic analysis.

3.8 Statistics data analysis

Statistical comparisons of accumulation of fern, growth rates in different soils,
accumulation in varied concentrations with and without addition of EDTA were
examined by one—way analysis variance (ANOVA) at 95% confidence (a = 0.05)
using Duncan New Multiple Range test (DMRT). All statistical analysis was
performed with SPSS software.
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CHAPTER 1V
RESULTS AND DISCUSSION

Remediation study of copper and arsenic polluted soils was conducted using
two common ferns Pteris tripartita and P. vittata. Metal accumulation efficiency of
both ferns in metal spiked aqueous media, as well as, in metal contaminated soils were
investigated. In addition, effects of chelating agent, EDTA on metals transportation
and allocation were observed. Amount of accumulated metals in different parts of the

two tested ferns were compared

4.1 Fern cultivation

Spores of both fern species were allowed to germinate and grow in peat moss
at 25 °C and 100 % air moisture. The duration that each species required to reach

different growth stages were shown as follows (Table 4-1).

Table 4-1 Duration required to reach different growth stages of Pteris tripartita and

P. vittata under controlled condition

P. tripartita P. vittata
Germination stage 2 weeks 2 weeks
Gametophyte stage 4 weeks 4 weeks
Sporophyte stage 10 weeks 14 weeks

Age of ferns for the Experiment 28 weeks 28 weeks
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The results indicated that relatively short period was required for spore
germination of the ferns Pteris tripartita and P. vittata. Spores of both fern species
germinated within 2 weeks period (Figure 4-1). And after 4 weeks, most of the
germinated spores developed into a gametophyte stage that contained several young
prothallus. These young prothallus were initially flat green plates but became
eventually heart shape plates. The two fern species required different length of times
for developing prothallus into tiny sporophyte. For P. tripartita, a sporophyte stage
could be observed after 10 weeks cultivation, whereas, in the case of P. vittata, up to

14 weeks was needed.

Figure 4-1 Different growth stages of the fern Preris vittata and P. tripartita under
controlled conditions, as well as after 1 week acclimatization
A) P. vittata in germination stage
B) prothallus of P. tripartita
C). young sporophyte of P. vittata
D) young sporophyte of P. tripartita
E) 5-month old P. tripartita after 1 week acclimatization under natural
conditions

F) 20-week old P. vittata
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After 5 months in cultivation, young sporophytes of both species,
approximately 10 cm high, were removed from the controlled conditions in the
laboratory. They were subsequently acclimatized under natural conditions. This
period lasted one week. Each acclimatized young ferns was individually transplanted
in a 3 inch plastic pot. They grew rapidly in uncontaminated soil under natural

conditions and reached almost 20 cm high within 28 weeks of cultivation.

Figure 4-2 Fronds of 28 weeks old ferns suitable for the metal accumulation

experiments A) Pteris tripartita and B) P. vittata

4.2 Properties of soil samples

Soil samples were collected from two separate locations. Copper contaminated
soil and its reference were obtained from a pig farm in Ratchaburi province. Soil
samples from a tin mine in Ron Phibun district, Nakorn Srithammarat province was a
representative for the accumulation study with arsenic contaminated soil. Physical and
chemical properties of these soils, including metals contents, % organic matter,
available P, total N, pH and CEC were analyzed before starting the experiments. The

results were shown in Table 4-2
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Table 4-2 Physical and chemical properties of soil samples

Soils pH Cucontent Ascontent TotalN % OM Avail. P CEC
(mg/ kg soil) (mg/ kg soil) g/ 100g (mg/ kg)

Copper contaminated 7.35 514 35 1.48 20.06 5,150 31.51
soil (Cu)
Control soil fromthe 6.52 84 64 0.70 10.82 820 27.17
pig farm (Cu)
Arsenic contaminated 3.53 27 14,761 0.06 0.82 65 7.76
soil (As)
Control soil from the  5.60 7 286 0.26 4.10 22 8.14

tin mine (As)

For soil samples from the pig farm, the pH ranged from 7.35 for copper
contaminated soil and 6.52 for the uncontaminated soil. The relatively high copper
content (514 mg/kg soil) found in the pig manure polluted soil comparing to the
reference soil was possibly related to high amount of copper that used as a growth
stimulant in the piglets feeds (25). As expected, the total nitrogen, % organic matter
and available phosphorus in the copper contaminated soil were also quite excessive
(57). The high fertility of the soil samples indicated the possibility that large amount
of water could be stored in its pore granules. As a consequence, elevated value of their
cation exchange capacity (CEC) was observed (53). The soils that were collected from
a pig farm seemed to contain high arsenic in background level of soil. These soils
possibly were polluted with arsenic from pig manure due to use of growth promoters

such as arsenic in pig diets (58,59).

The samples collected under old tin mine tailings were found to contain up to
14,761 mg arsenic / kg soil. This was relevant to the amount of arsenic in tin mine
tailing originating from Ron Phibun district that was reported to reach 14,200 mg/ kg
soil (15). The samples were strongly acidic (pH 3.53) causing arsenic to bound to iron
and could hardly be transported (17). Comparable to the copper contaminated soil, the
reference soil collected in the vicinity of the tin mine was also considered relatively
high in arsenic content. This was possibly resulting from an effect of arsenic cycling
such as a migration of arsenic in colloidal form (13). The observed low total nitrogen,

as well as amount of organic matter indicated low fertility of both samples.
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4.3 The tested ferns

For all metal accumulation studies, seven months old ferns were chosen for the
purpose. Prior to the commence of the experiments, physical characteristics of both
fern species, Pteris tripartita and P. vittata, as well as, their arsenic and copper

contents were examined. The results were shown in Table 4-3.

Table 4-3 Physical characteristics and metal contents of the two fern species, Pteris

tripartita and P. vittata before the experiments

Ferns Height Weight (g) Metal contents (ng/g)
(cm) wet dry Cu As
Pteris tripartita 30 4.14 0.53 7 5
Pteris vittata 25 1640,5) 0.26 8 30

The height of seven months old, P. tripartita and P. vittata was about 30 and 25
cm, respectively. However, the wet weight of P. tripartita was almost four times
heavier than that of P. vittata, while the discrepancy reduced to about double in dried
samples. This was probably due to the larger fronds size and higher moisture content
of P. tripartita.

From more than 10 plants utilized for a pool metal analysis, the results indicated
different metals contents in both ferns. The arsenic level of 30 ng/ g dry weight found
in biomass of P. vittata compared to 5 ng As/ g in P. tripartita were relatively high
background level in a plant as same as an arsenic hyperaccumulating fern,
Pityrogramma calomelanos that was explored at Chatuchak food market contained
high arsenic at 60 pgAs/g dry weight (18). For copper determination, similar low
contents of 7 and 8 pg Cu/ g dry weight were observed in P. tripartita and P. vittata,

respectively.
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4.4 Growth of ferns in different soils

The growth of the tested ferns, P. tripartita and P. vittata, that were planted in
various soil samples during the 8 weeks cultivation period were observed. Their height

were recorded every two weeks. The results were shown in Figure 4-3
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—e— copper contaminated soil —m— control soil at pig farm
—&— arsenic contaminated soil —¢— control soil at tin mine

Figure 4-3 Different growth of the two fern species in various soil types during
the 8 weeks cultivation period

a) P. tripartita b) P. vittata
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For both tested ferns, significant different in growth rate among soil types were
observed (Table 4-4). Considering height of the tested ferns, they seemed to have the
highest growth rate in the copper polluted soil, especially P. tripartita (Figure 4-4).
This could be explained from the high organic matters and nutrient levels of the soil.
Alexander (60)suggested that organic content higher than 10 % could greatly reduce
biologically available copper in the soil. With elevated nutrient levels, even better
growth condition for plants could also be expected (61). Thus, optimal growth of the
two tested ferns, P. tripartita and P. vittata, in the copper contaminated soil

comparable to other soils were observed.

Table 4-4 Statistic comparison of height of tested ferns, P. tripartita and P. vittata, in

four different soil types observed after 8 weeks in cultivation

Ferns Height of tested ferns (cm) grown in different soil types
copper control soil arsenic control soil from
contaminated soil ~ from pig farm  contaminated soil tin mine
P. tripartita 75° 63° 43¢ 59°¢
P. vittata 56 S8R 42°¢ 48°

* Duncan’s multiple range tests (p<0.05)

In arsenic contaminated soil, both ferns showed significant retardation in
growth, especially P. tripartita. This was resulted from a very high arsenic content in
soil and low organic matter and nutrient levels. However, in control soil that contained
much lower arsenic levels than the contaminated soil, similar growth rate to that
observed in control soil from the pig farm were obtained.

When weight of the tested fern was examined, similar results among different
treatments were observed. The highest wet and dry weight of both ferns were found
when they were grown in copper polluted soil (Table 4-4 and Figure 4-5), followed by
control soil from the pig farm, control soil from the tin mine and arsenic contaminated

soil, respectively.
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P. tripartita

Figure 4-4 The tested fern, P. tripartita and P. vittata, after cultivated in four different
soils for 8 weeks
A) in copper polluted soil (Cu 514 mg/kg soil)
B) in control soil from pig farm (Cu 84 mg/kg soil)
C) in arsenic polluted soil (As 14,761 mg/kg soil)
D) in control soil from tin mine (As 286 mg/kg soil)
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Table 4-5 Statistic comparison of wet and dry weight of the tested ferns, P. tripartita

and P. vittata, after cultivated in four different soils for 8 weeks

Ferns Soils Wet weight*  Dry weight*
® (®
P. tripartita copper contaminated soil 63.86° 7.22°
control from the pig farm 44.39° 5.96°"
arsenic contaminated soil R 291¢
control from the tin mine 29.99 ¢ 420°
P. vittata copper contaminated soil 2321 5 3.40°
control from the pig farm 18.92° 2.82°
arsenic contaminated soil 5 ¢ 1.18¢
control from the tin mine I 5 2.06 ¢

* Duncan’s multiple range test (p<0.05)

70+ . - - 4
P. tripartita Y P. vittata
60 60 -
50+ 50
G
a 40+ - 40
= S
5 30 T 30
] =
2 20 204
104 104
0 - 04
Cu control at As control at Cu control at As polluted control at
polluted pig farm polluted tin mine polluted  pig farm soil tin mine
soil soil soil
Soil types Soil types

E wet weight O dry weight

Figure 4-5 Wet and dry weight of the tested fern, P. tripartita and P. vittata, after

cultivated in four different soils for 8 weeks
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The tested ferns preferred high humidity environment and could absorb large
amount of water in their tissues. The tissues of P. tripartita contained up to 89 %
moisture content, while in P. vittata up to 85 % content could be observed (Table 4-6).
The root length could also be used as an indicator for proper growth and toxicity of
contaminants to plant (62, 63). Comparing root length of both fern species grown in
different soils, arsenic contaminated soil seemed to be the most toxic. Both tested
ferns had the shortest root length, which were 25 and 12 cm for P. tripartita and P.
vittata, respectively (Table 4-6). The 2-fold decrepancy of the two ferns indicated that
P. tripartita might be more suitable for metal remediation purpose at the deeper soil

layer.

Table 4-6 % Moisture and root length of the tested fern, P. tripartita and P. vittata,

after cultivated in four different soils for 8 weeks

Soils % moisture Root length (cm)

P. tripartita  P. vittata  P. tripartita  P. vittata

Copper contaminated soil 88.76 83.94 27 18
Control from the pig farm 86.30 84.99 35 17
Arsenic contaminated soil 87.24 83.97 24 12
Control from the tin mine 86.30 84.49 36 18

Table 4-7 showed dry weight of each parts of the tested ferns after cultivated in
four different soils for 8 weeks. All separate parts of the tested ferns increased in
weight in relation to the type of soils. Similar to earlier results, copper contaminated
soil seemed to have the highest influence on growth of each parts. For both ferns, their

biomass composed mostly of the frond and petiole.
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Table 4-7 Dry biomass of three separate parts of the tested fern, P. tripartita and P.

vittata, after cultivated in four different soils for 8 weeks

Soils Ferns Dry weight (g)

Root Petiole  Frond Total

Copper contaminated soil  P. tripartita 1.73 2.68 2.81 7.22
P. vittata 0.46 0.99 1.95 3.40

Control soil from pig farm  P. tripartita 1.65 2.05 2.26 5.96
P. vittata 0.38 0.80 1.64 2.82

Arsenic contaminated soil  P. tripartita 1.00 0.92 0.99 291
P. vittata 0.20 0.30 0.68 1.18

Control soil from tin mine  P. tripartita 1.29 1.41 1.50 4.20
P. vittata 0.26 0.61 1.19 2.06
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4.5 Accumulation studies in copper and arsenic contaminated soils

For the metal accumulation studies, a 7-month old fern was transplanted in each
pot containing copper, as well as arsenic contaminated soils. After 8 weeks, each plant
was harvested, weighted, dried and analyzed for metals concentration. The results

were as follows:
4.5.1 Metal contents in control soils.
As controls for metal accumulation studies, pots containing soil samples
and their references without planted ferns were also prepared. The concentrations of
copper, as well as arsenic in both soil samples and their references before and after the

experiment were shown in Table 4-8.

Table 4-8 Copper and arsenic conents of the tested soils before and after 8 weeks of the

experiment.
Soils Copper content Arsenic content
(mg Cu /kg soil) (mg As/ kg soil)
Before the After the  Before the After the
experiment experiment experiment experiment
Copper contaminated soil 514 459 35 28
Reference soil 84 75 64 58
Arsenic contaminated soil 27 24 14,761 13,298
Reference soil 7 6 286 258

The results indicated slight decrease in metals contents in all tested soils.
The discrepancies of copper, as well as arsenic contents of the tested soils between the
start and the end of the experiments ranged from 11-14 % and 9 - 20 %, respectively.
However, there were no significant difference (o = 0.05) observed. These pointed out
that weathering processes, as well as sunlight had only insignificant effects for

reducing metal concentrations in all contaminated and reference soils.
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4.5.2 Copper contaminated soil

The results showed relative low accumulation rate by both tested ferns
(Figure 4-6). For Pteris tripartita, the rate of 156, 17 and 19 pg Cu/ g dried mass were
observed in root, petiole and fronds, respectively. There was no significant difference
between the amount of accumulated copper per dried weight in petiole and frond
(Table 4-9). For P. vittata, similar trend of accumulation was found. Copper tended to
accumulated at relatively high rate comparable to other parts. The concentration was
172, 8 and 16 pg Cu/ g dried mass in root, petiole and frond, respectively. The

discrepancies between the results observed in petiole and frond were not significant

different.
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Figure 4-6 Copper accumulation in roots, petiole and frond of the two tested fern

species after being grown in a copper polluted soil for 8 weeks.

Although Pteris tripartita and P. vittata showed similar trend in term of
accumulation rate in each part of the plant, amounts of uptake metal for each fern
species were quite different. Since Pteris tripartita had about 2-fold larger biomass
than P. vittata, higher amount of copper accumulated in P. tripartita was also
expected. The results from the experiments with contaminated soil, as well as its

reference confirmed this.
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Table 4-9 Statistic comparison of the amount of copper accumulated in the two tested

ferns after cultivated in copper contaminated soil and its reference for 8

weeks.
Ferns Cu in soil Accumulation (ng/g dry weight)* Removal efficiency
(mg/kg soil)  Root Petiole  Frond (ug/plant)
P. tripartita 514 156+13% 17+1° 19+1° 369
P. vittata 172+£11°  8+1° 16+1° 118
P. tripartita 84 23+£9*  5+1°  10+1° 68
P. vittata B 3+ 2" 35

* Duncan ’s multiple range test (P<0.05) in different parts of fern

Mean + S.D.

The highest concentration of copper was found in their roots following
by fronds and petioles (Figure 4-6). In both ferns, the amounts of copper observed in
the roots were significantly higher than that found in other parts (Table 4-9) However,
the amounts of copper accumulated in the root significantly increase in relation to the
copper content of the tested soil. For P. tripartita, the ratios of copper contents among
root, frond and petiole were 9:1:1 and 5:1:2 in copper contaminated soil and its
reference, respectively. For P. vittata, the ratios of 22:1:2 and 3:1:2, respectively, were
observed. This probably indicated the toxicity of high copper contents in the soil to the
tested ferns, which resulted in different amounts of accumulated copper in each part.
An important restriction of the internal transport of copper from root towarding
petioles and green fronds could be observed. Such metal immobilization in root cell
was reported to relate to an exclusion strategy (41) that decreases the damage to upper-
ground part, in which several important mechanisms such as photosysthesis take place.
For arsenic hyperaccumulating plants, they have been reported to have specific
biological mechanisms for transportation and detoxicfication (64).

Phytochelatin synthesis is the principle response of plants and many fungi
to toxic metal exposure, while phytochelatin deficiency is correlated with Cd, Cu, and
As hypersensitivity (65). PC synthesis was induced upon exposure to arsenate (As V)
in P. vittata and the arsenic concentration correlated significantly with PC

concentration in both roots and shoots (66).
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Several plants such as reed and maize accumulated metal ions in the root
(67).The results from this study indicated that both fern species stored copper mostly
in their root or under-ground part, For field application, harvesting of full biomass,

including roots, may be required.
4.5.1 Arsenic contaminated soil

From an arsenic contaminated soil (As 14,761 mg/ kg soil), P. tripartita
could accumulate arsenic in its root, petiole and frond up to 662, 40 and 95 ng/ g dried
mass, respectively (Figure 4-7), which was equivalent to the ratio of 17:1:2. In
reference soil that contained low arsenic concentration of 286 mg/ kg soil, relatively
low amount of arsenic, 33, 17 and 23 ug/ g dried mass in root, petiole and frond of P.
tripartita, respectively. The ratio of arsenic content in its different parts was found to
be 2: 1: 1, respectively. The findings were similar to the results obtaining from copper
accumulation studies, in which high concentration of metal seemed to lead to elevated

concentration in the root.
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Figure 4-7 Arsenic accumulation in roots, petiole and frond of the two tested fern

species after being grown in an arsenic contaminated soil for 8 weeks.

P. vittata was a well known arsenic hyperaccumulator, which could accumulate

up to 1,000 pg/ g dried mass (8,14,15,66). Although, the plants used for this present
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study were not originated from high arsenic concentration areas, they showed this
property by accumulated and translocated arsenic from contaminated soils mostly to
their frond (Table 4-10). In arsenic contaminated soil and the reference, average of
7,920 and 1,232 pg/ g dried mass, respectively, could be observed. This was higher
than the minimum accumulation limit of 1,000 pg/g dried mass as a definition for a

hyperacculator (12).

Table 4-10 Statistic comparison of the amount of arsenic accumulated in the two

tested ferns after cultivated in arsenic contaminated soil and its reference

for 8 weeks.
Ferns As in soil Accumulation (pug/g dry weight)* Removal efficiency
(mg/Kkg soil) Root Petiole Frond (ug/plant)
P. tripartita 14,761 662 +83° 40+1° 95+13° 793
P. vittata 1,177 £26° 1,736+ 165° 7,920+ 319 °* 6,142
P. tripartita 286 33+2° 17+3° 23+3° 102
P. vittata 484 +85°  585+87° 1,232+45° 1,949

* Duncan ’s multiple range test (P<0.05) in different parts of fern.

Mean + S.D.

Considering the whole biomass, P. tripartita with almost 2-fold heavier
than P. vittata, did not accumulate arsenic as much as P. viffata. During the eight
weeks of the experiment, each of the P. vittata could remove 6,142 and 1,949 ug
arsenic from arsenic contaminated soil and the reference soil, respectively. However,

only 793 and 102 pg arsenic could be absorbed by each P. tripartita.
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4.6 Accumulation studies in copper and arsenic spiked aqueous media

In the preliminary experiments, tolerable concentrations of copper and arsenic
for the tested ferns were determined. Copper concentrations ranging from 0, 2.5, 5, 10,
20, 30, 40, 50 and 60 mg/ 1 were tested. Copper concentrations up to 40 mg/ |1 showed
no adverse effects on growth of the tested ferns. For arsenic, effects of 2.5, 5, 10, 20,
40 and 60 mg/ | arsenic solution were also observed. The results indicated that arsenic
concentrations up to 20 mg/ 1 did not have obvious influence on the growth of the two
tested ferns. Thus, the concentration ranges were chosen accordingly.

In order to verify that pH levels of the testing media containing the chosen
metal concentrations would fall in a suitable range for cultivation of the tested fern,

the pH of the tested media were observed. The resulted were shown in Table 4-11.

Table 4-11 Relationship of varied copper and arsenic concentrations and pH levels of

the metal spiked solution

Copper concentrations pH Arsenic concentrations pH
(mg/l) (mg/l)

0.0 5.72 0.0 5.72

5.0 5.49 2.5 6.41

10.0 5.37 5.0 6.63

20.0 5.28 10.0 6.94

40.0 5.16 20.0 7.21

In the presence of a tested fern Pteris tripartita, the pH levels of the spiked
media tended to change according to metal concentrations. In the case of arsenic,
alkaline condition was observed with elevated arsenic concentrations. However, acidic
condition was found to be related to increasing copper concentrations. For controlling
pH levels of different metal spiked media to a suitable range, a buffer solution MES

was used for the purpose. The results were shown in Table 4-12.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 49

Table 4-12 Influence of a buffer solution, MES, a chelating agent EDTA and a
combination of the two compounds, as well as growing duration of

Pteris tripartita on pH levels of the culture media during 3 days of

experiment
Media pH levels

Started 1%day 2" day 3" day
Miller media 6.00 7.25 7.53 7.59
Media + MES 5.99 6.44 6.61 6.67
Media + EDTA 6.00 7.40 7.81 7.57
Media + MES+EDTA 6.00 6.41 6.56 6.59
Media + Cu 40 6.01 5.14 5.49 5.55
Media + Cu 40+MES 6.01 5.74 5.77 5.74
Media + Cu 40+MES+EDTA 6.01 5.74 5.84 5.79
Media + As 20 6.00 6.96 7.10 7.24
Media + As 20+MES 6.00 6.27 6.37 6.48
Media + As 20+MES+EDTA 6.01 6.11 6.62 6.81

The results indicated that the addition of MES, as well as MES in combination
with EDTA could keep the pH levels of the media containing both metals between
6.90 and 5.70. For this study, thus, MES buffer was used in subsequent accumulation

experiments in copper and arsenic spiked media.

4.6.1 Copper spiked media

The 7-month old ferns Pteris tripartita and P. vittata were treated with

copper spiked liquid media at concentration of 0, 5, 10, 20, 40 mg/ 1. The experiment
lasted 21 days. The results were as follows (Figure 4-8):
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Figure 4-8 Copper uptake rate of 7-month old fern, Pteris tripartita and P. vittata in a

copper spiked solution after 3 weeks incubation

The results indicated that metal uptake rate of the tested ferns increased in
relation with copper concentrations containing in the media. The discrepancies of the
uptake rates among chosen copper concentrations were significantly different (Table
4-13). With the highest copper concentration of 40 mg/ 1, Pteris tripartita showed the
highest accumulation rate of 35,345 ug/ g dried mass in the root, while only 614 pg/
mg dried mass was found in the shoot tissues. Addition of EDTA to the media
significantly stimulated the copper uptake of Pteris tripartita in the shoots. This was
probably due to an ability of EDTA to maintain copper in a soluble form that could
enhance copper bioavailability for fern uptake (43, 68). The highest uptake rate by the
whole biomass occurred at copper concentration of 40 mg Cu/ 1 with representing
5,104 pg/ plant, while the lowest removal efficiency of 83 pg/ plant was observed at

the copper concentration of 5 mg Cu/ 1.
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Table 4-13 Whole biomass uptake rate, as well as statistic comparison of copper

accumulation in root and shoot of each 7-month old fern Pteris tripartita

and P. vittata grown in copper spiked liquid media for 3 weeks

Ferns Copper Copper accumulation * Whole biomass
concentrations (ng/ g dry weight) uptake rate
(mg/l) Root Shoot (ug/plant)
P. tripartita 5 5,729+ 971 ° 87+2¢ 830
10 10,657 £1,587¢ 122+16 1,531
20 19,246 +1,889°  243+19° 2,772
40 35,345 + 648 ° B -+ 58° 5,104
40+EDTA  32,561+4,575° 614+53° 4,755
P. vittata 5 7,337+ 1,221 © 109 £20 ¢ 461
5+ EDTA 324+10¢ 138+ 10° 45
10 13,413 4219 ° 180 +24° 839
20 20,231 £1,660°° 509 +44° 1,311
40 29,908 +170°  1261+73* 2,035

* Duncan’s multiple range test (P<0.05)
Mean + S.D.

The fern P. vittata also accumulated copper mostly in root tissues. Only
small amounts of copper was translocated to the shoot part, similar to what was prior
found by another study (69). The highest uptake rate also occurred at 40 mg Cu/ 1,
with 29,908 pg As/ g dry mass in roots and 1,261 pg/ g dry mass in shoots,
respectively (Table 4-13 and Figure 4-8).

The addition of EDTA to the 5 mg/ 1 copper solution did not significantly
improved accumulation rate of copper in the shoot part and caused the decrease of
accumulation in root possibly because of toxicity of EDTA (70). At the concentration
of 40 mg Cu/ 1, the highest uptake of whole biomass were 2,035 pg/ plant and the
lowest uptake were 45 pg/ plant at copper concentration 5 mg/ 1 adding EDTA.  The

fern P. vittata seemed to enable translocation of copper to shoot more than the fern P.
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tripartita. However, when accounting the whole biomass, P. tripartita could take up 2-
fold more copper than P. vittata.

In the presence of EDTA, which is a chelating agent, the whole uptake
decreased because chelating agents are known to reduce the uptake of some divalent
metals from solution, as well as complexation of heavy metals with other medium
components, particularly phosphates. This can result in less energy generation and
other metabolic processes that contribute to active metal transport and detoxification,
which also reduces metal accumulation by plant tissues (43). The effect of EDTA on
the Cu absorption by plants significantly changes with the additive concentration and

with the types of plant (30,71).

4.6.2 Arsenic spiked media

The 7-month old of Pteris tripartita and P. vittata were treated with
arsenic spiked liquid media at concentration of 0, 0.75, 1.25, 2.5 and 5 mg/ 1. The

experiment lasted 21 days. The resulted were shown in Figure 4-9.
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Figure 4-9 Arsenic uptake rate of 7-month old fern, Pteris tripartita and P. vittata in

an arsenic spiked solution after 3 weeks incubation
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The results indicated that arsenic was quite toxic to the fern P.
tripartita. The highest concentration that can be used without noticeable effects on the
tested fern was 5 mg As/ 1. For all treatments, arsenic concentrations in root and shoot
were found to be below 280 ng/ g dried mass. The fern P. vittata could tolerate up to
20 mg As/ 1 and was proved to be an exceptional arsenic accumulator. The highest
accumulation rates were 2,412 and 1,774 pg/ g dried mass in shoot and root,
respectively (Table 4-14). The addition of EDTA to a 20 mg/ 1 arsenic solution
significantly decreased the arsenic translocation to shoot tissues. The highest whole

biomass uptake rate of P. vittata was 7- fold more than that of P. tripartita.

Table 4-14 Whole biomass uptake rate, as well as statistic comparison of arsenic
accumulation in root and shoot of each 7-month old Pteris tripartita and

P. vittata grown in arsenic spiked liquid media for 3 weeks

Ferns Arsenic Arsenic accumulation *  Whole biomass
concentrations (ug/ g dry weight) uptake rate
(mg/1) Root Shoot (ug/plant)
P. tripartita 0.75 136+ 10° P2 ¢ 26
1.25 166 +20 ¢ 45+4° 37
2.5 216+ 11° 79+4° 55
2.5+ EDTA 61+79 93+£6°" 39
5.0 2714132 131+9° 80
P. vittata 2.5 519+ 34 ¢ 575+2¢ 140
5 761+119°  1,436+83° 319
10 1,356 +97°  1,854+110° 433
20 1,774 £ 133 2,412+235° 564
20+EDTA 1,909 +225% 1,735+286° 445

* Duncan ’s multiple range test (P<0.05)

Mean + S.D.
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In addition to Pteris vittata, several arsenic hyperaccumulators, including
P. cretica, P. longifolia, P. umbrosa ,P. nervosa and Pityrogramma calomelanos have
been reported (8,14,15,72,73) They seem to have specific biological mechanisms for
metal uptake, translocation and complexation (64). Wongkongkatep J (70) reported
that arsenic level in shoot of a hyperaccumulating plant, Pityrogramma calomelanos,
decreased in soil containing EDTA possibly resulting from toxicity of EDTA. As-
EDTA probably was not the suitable form for the translocation mechanism of P.
vittata. In addition, EDTA could form complexes with several nutrients lessening

arsenic uptake and detoxification processes (43).
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CHAPTER V
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The study of utilization of Pteris tripartita and Pteris vittata to remediate two
metals, copper and arsenic, in soils and solution was conducted. Pteris tripartita was
chosen because it distributed quite widely and possess several good characteristics,
especially its large size and fast-growing habit. As a well known arsenic
hyperaccumulator, Pteris vittata represent another candidate for the purpose. The
results of study consisted of several parts as follows:

1) For fern cultivation, spores of both tested ferns, P. tripartita and P. vittata
,germinated under laboratory condition within 2 weeks. Four more weeks was
necessary for obtaining young plants in gametophyte stage. To develop into
sporophyte stage, duration of 10 weeks for P. tripartita and 14 weeks for P. vittata
were required.

2) Copper contaminated soil collected from a pig farm containing high copper
level up to 514 mg Cu/ kg soil. It was quite neutral with pH 7.35 and contained 1.48 g
N/ 100g soil, 20.06 % organic matter and 5,150 mg P/ kg soil. The arsenic
contaminated soil contained 14,762 mg As/kg and was strongly acid with pH 3.53. It
contained 0.06 g N/100g, 0.82% organic matter and 65 mg P/ kg soil.

3). The 7-month old P. tripartita and P. vittata could accumulate high level of
copper in root up to 156 and 172 pug Cu/g dry weight, respectively, when treated with
copper contaminated soil (514 mg Cu/kg) for 8 weeks. The uptake efficiency of whole
biomass of P. tripartita was higher than that of P. vittata resulting from larger size of
the latter.

4) In arsenic contaminated soil (14,761 mg As/kg), P. tripartita accumulated

arsenic in root tissues up to 662 ug As/ g dry weight, while P. vittata translocated
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arsenic to frond up to 7,920 pug As/ g dry weight. The uptake efficiency by the whole
biomass of P. vittata was higher than that of the larger P. tripartita resulting from its
arsenic hyperaccumulating characteristic.

5) In 40 mg/ 1 copper spiked liquid media, P. tripartita could accumulated
copper in the root part up to 35,345 ug Cu/g dry weight. The chelating agent EDTA
significantly enhanced copper accumulation in the shoot after 3 weeks incubation. The
fern P. vittata mainly stored copper in root 29,908 ng Cu/g dry weight at highest
copper concentration of 40 mg/. EDTA did not increase the amount of copper
accumulation in shoot for this species.

6) Arsenic in liquid media, P. tripartita accumulated arsenic in root tissues 271
ng As/g dry weight at the highest arsenic treatment of 5 mg/l. EDTA did not seem to
enhance the arsenic uptake in shoot of P. tripartita. When exposed to the highest
arsenic treatment of 20 mg As /I, P. vittata could accumulated arsenic up to 1,909 pg
As/g dry weight in its shoot. EDTA caused significant decreasing of arsenic

accumulation in shoot of P. vittata.

5.2 Recommendations

1) Utilization of older, bigger ferns possibly could result in higher tolerable
metal concentrations, as well as amount of accumulated metals.

2) Longer experiment period than 8 weeks could improve metal removal
efficiency of the tested fern, since it could lead to stronger and larger plants which
could consequently bring about higher uptake of the whole biomass.

3) Effects of EDTA on metal absorption by plants seemed to change with
different concentrations of the chelating agent, as well as the types of plant. Thus, the
other EDTA concentrations and longer exposure time should be investigated

5) For filed application, P. tripartita is possibly suitable for cleaning up the
metals polluted soil that situate in humid environment. The fern P. vittata is more
appropriate for the purpose in the dry area. The mixtures of spores and water could be

easily sprayed by knapsack sprayer for propagation.
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APPENDIX A

Modified Miller and Miller 1961

Calcium nitrate Ca(NO3).4H,O 0.8 ¢g
Potassium nitrate KNO3 02¢g
Potassium phosphate ( low KH,;PO,) 0.00136 g
Magnesium sulfate MgSQO4.7H,0 02¢g
Ferric citrate FeCsH507,.H,O 0.005 g

pH was controlled with MES 1 mM
And then, adjusted the pH by HCI and NaOH to pH 6.00 £ 0.01

The volume was made up to 1 liter with deionized water.
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APPENDIX B

Method in copper and arsenic analysis

1. Method : Copper (FAAS)

Wavelength:

Slit Width:

EHT:

Lamp Current:
Conc. Units:
Sampling Mode :
Measurement Mode:
STANDARDI:
STANDARD?2:
STANDARD3:
STANDARD4:
STANDARDS:
STANDARDG:
STANDARDT7:
STANDARDS:

Calibration Algorithm:

Measurement Time :
Pre-Read Delay:
Flame type:

Air Flow :
Acetylene Flow:

324.8 nm
0.5 nm

32 Volts

4.0 mA
mg/l
Manual
Peak Area
0.050 mg/1
0.250 mg/1
0.500 mg/1
1.000 mg/1
2.500 mg/1
5.000 mg/1
8.000 mg/1
10.000 mg/1
Linear Origin
50s

5s
Air/Acetylene
13.50 L/min
2.00 L/min

Appendix / 66



Fac. of Grad. Studies, Mahidol Univ.

2. Method: Arsenic (GAAS Zeeman)
Wavelength:

Slit Width:

Lamp Current:

Conc. Units:

Sampling Mode :
Measurement Mode:
STANDARDI:
STANDARD?2:
STANDARD3:
STANDARD 4:
STANDARDS:
Calibration Algorithm:
Total Volume:

Sample Volume:

Bulk Concentration
Modifier 1 Mode:
Modifier 1 Vol:

M.Sc. (Technology of Environmental Management) / 67

193.7 nm
0.2 nm

10.0 mA
pg/l

Autonormal
Peak Height
20.00 pg/l
40.00 pg/l
100.00 pg/l
160.00pg/1
200.00 pg/l
Linear Origin
15 pl

10 pl

200.00 pg/l
Co Inject with palladium solution 500 pg/1
Sul

Step Process Temp(°C) Time (s) Argon Flow (L/min)
1 Drying 85 5.0 3.0
2 Drying 95 40.0 3.0
3 Drying 120 10.0 3.0
4 Ashing 1500 5.0 3.0
5 Ashing 1500 1.0 3.0
6 Ashing 1500 2.0 0.0
7 Atomization 2600 0.6 0.0
8 Atomization 2600 2.0 0.0
9 Clean up 2800 3.0 3.0
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APPENDIX C

Statistic analysis

1. Statistical comparison of growth rates of Pteris tripartita and Pteris vittata in the

metals contaminated soils with One-way ANOVA analysis at oc = 0.05.

HEIGHT Sum of df  Mean Square F Sig.
Squares
P. tripartita Between Groups 8385,891 3 2795,297 106,456 ,000
Within Groups 1496,699 57 26,258
Total 9882,590 60
HEIGHT Sum of df  Mean Square F Sig.
Squares
P. vittata Between Groups 1260,000 3 420,000 15,065 ,000
Within Groups 1226,667 44 27,879
Total 2486,667 47
DRYWEIGHT Sum of df  Mean Square F Sig.
Squares
P. tripartita Between Groups 235,500 3 78,500 66,399 ,000
Within Groups 69,753 59 1,182
Total 305,253 62
DRYWEIGHT Sum of df  Mean Square F Sig.
Squares
P. vittata Between Groups 45,428 3 15,143 22,196 ,000
Within Groups 40,932 60 ,682
Total 86,360 63
WETWEIGHT Sum of df  Mean Square F Sig.
Squares
P. tripartita Between Groups 19939,680 3 6646,560 99,249 ,000
Within Groups 4352,948 65 66,968
Total 24292,628 68
WETWEIGHT Sum of df  Mean Square F Sig.
Squares
P.vittata Between Groups 2420,860 3 806,953 32,312 ,000
Within Groups 1473,456 59 24,974
Total 3894,316 62
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2. Statistical comparison of metal accumulation in plant parts and three times

experiments of Pteris tripartita and Pteris vittata in metal contaminated soils with

One-way ANOVA analysis at oc = 0.05.

PLANT PARTS Sum of df Mean Square F Sig.
Squares
P. tripartita in Between Groups 70559,593 9) 35279,796 19,692 ,000
Cu contaminated soil | Within Groups 91371,611 51 1791,600
Total 161931,204 53
PLANT PARTS Sum of df Mean Square F Sig.
Squares
P. vittata in Between Groups 87768,111 2 43884,056 20,220 ,000
Cu contaminated soil | Within Groups 110686,722 51 2170,328
Total 198454,833 53
PLANT PARTS Sum of df Mean Square F Sig.
Squares
P. tripartita in Between Groups | 1068720,772 2 534360,386 15,761 ,000
As contaminated soil | Within Groups | 1423989,806 42 33904,519
Total 2492710,578 44
PLANT PARTS Sum of df Mean Square F Sig.
Squares
P. vittata in Between Groups |123411494,437 2 61705747,219 16,598 ,000
As contaminated soil | Within Groups [130116422,615 35 3717612,075
Total 253527917,053 37
TIME Sum of df Mean Square F Sig.
Squares
P. tripartita in Between Groups ,481 2 241 ,000 1,000
Cu contaminated soil | Within Groups 161930,722 51 3175,112
Total 161931,204 53
TIME Sum of df Mean Square F Sig.
Squares
P. vittata in Between Groups 360,444 2 180,222 ,046 ,955
Cu contaminated soil | Within Groups 198094,389 51 3884,204
Total 198454,833 53
TIME Sum of df Mean Square F Sig.
Squares
P. tripartita in Between Groups | 32116,013 2 16058,007 274 ,762
As contaminated soil | Within Groups | 2460594,564 42 58585,585
Total 2492710,578 44
TIME Sum of df Mean Square F Sig.
Squares
P. vittata in Between Groups | 1975459,957 2 987729,979 ,137 ,872
As contaminated soil | Within Groups [251552457,095 35 7187213,060
Total 253527917,053 37
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3. Statistical comparison of growth rates of Pteris tripartita and Pteris vittata in the

metals contaminated soils with Duncan New Multiple Range test at oc = 0.05.

HEIGHT Subset for alpha =.05
P. tripartita Soil types 1 2 3 4
As contaminated soil 43,07
Control at tin mine 59,69
Control at pig farm 63,44
Cu contaminated soil 75,24
Sig. 1,000 1,000 1,000 1,000
HEIGHT Subset for  alpha =.05
P. vittata Soil types 1 2 B
As contaminated soil 43,00
Control at tin mine 47,62
Control at pig farm 54,67
Cu contaminated soil 55,92
Sig. 1,000 1,000 ,565
DRY WEIGHT Subset for alpha =.05
P. tripartita Soil types 1 2 3 4
As contaminated soil 23255
Control at tin mine 4.2160
Control at pig farm 5.9507
Cu contaminated soil 7.3444
Sig. 1,000 1,000 1,000 1,000
DRY WEIGHT Subset for alpha = .05
P. vittata Soil types 1 2 3 4
As contaminated soil 1.1789
Control at tin mine 2.1073
Control at pig farm 2.7667
Cu contaminated soil 3.3900
Sig. 1,000 1,000 1,000 1,000
WETWEIGHT Subset for alpha =.05
P. tripartita Soil types 1 2 3 4
As contaminated soil 18.5078
Control at tin mine 29.9888
Control at pig farm 44.3935
Cu contaminated soil 63.8606
Sig. 1,000 1,000 1,000 1,000
WETWEIGHT Subset for alpha = .05
P. vittata Soil types 1 2 3 4
As contaminated soil 6.9200
Control at tin mine 13.3461
Control at pig farm 18.8800
Cu contaminated soil 24.3291
Sig. 1,000 1,000 1,000 1,000
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4. Statistical comparison of metal accumulation in plant parts of Pteris tripartita and
Pteris vittata in the metals contaminated soils with Duncan New Multiple Range test

at oc = 0.05.

PLANT PARTS Subset for alpha =.05
P. tripartita in plant part 1 2
Cu contaminated soil petiole 11,00
frond 14,78
root 89,50
Sig. ,790 1,000
PLANT PARTS Subset for alpha = .05
P. vittata in plant part 1 2
Cu contaminated soil petiole 7,89
frond 14,44
root 96,50
Sig. ,675 1,000
PLANT PARTS Subset for alpha =.05
P. tripartita in plant part 1 2
As contaminated soil petiole 29,53
frond 56,12
root 382,77
Sig. ,696 1,000
PLANT PARTS Subset for alpha =.05
P. vittata in plant part 1 2
As contaminated soil root 785,23
petiole 1112,77
frond 4815,00
Sig. ,672 1,000
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5. Statistical comparison of growth rates and three times experiments of Pteris
tripartita and Pteris vittata in the metal spiked aqueous media with One-way ANOVA

analysis at oc = 0.05.

DRY WEIGHT Sum of Squares df  Mean Square F Sig.
P. tripartita Between Groups 3,427E-02 3 1,142E-02 1,076 ,382
Within Groups 212 20 1,062E-02
Total ,247 23
DRY WEIGHT Sum of Squares df  Mean Square F Sig.
P. vittata Between Groups 3,283E-02 4 8,206E-03 1,709 177
Within Groups ,130 27 4,802E-03
Total ,162 31
TIME Sum of Squares df  Mean Square F Sig.
P. tripartita in Between Groups | 240495558,481 2 120247779,241 664 518
Cu spiked media Within Groups | 12136033951,590 67  181134835,098
Total 12376529510,071 69
TIME Sum of Squares df  Mean Square F Sig.
P. vittata in Between Groups 177466161,615 2 88733080,807  ,817 ,447
Cu spiked media Within Groups 6190993852,785 57 108613927,242
Total 6368460014,400 59
TIME Sum of Squares df  Mean Square F Sig.
P. tripartita in Between Groups 2781,571 2 1390,786 ,224 ,800
As spiked media Within Groups 391859,883 63 6219,998
Total 394641,455 65
TIME Sum of Squares df  Mean Square F Sig.
P. vittata in Between Groups 30049,265 2 15024,632 ,036 ,965
As spiked media Within Groups 28087265,021 67 419212911
Total 28117314,286 69
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6. Statistical comparison of metal accumulation in different copper concentrations and
EDTA addition of Pteris tripartita and Pteris vittata in the copper spiked aqueous

media with Duncan New Multiple Range test at oc = 0.05.

Cu in shoot Subset for alpha = .05
P. tripartita CONC. 1 2 3 4
Cus 87,43
Culo 124,57 124,57
Cu20 242,57
Cu40 515,86
Cu 5 EDTA 681,57
Sig. ,536 ,056 1,000 1,000
Cu in root Subset for alpha = .05
P. tripartita CONC. 1 2 3 4 5
Cus 5550,43
Cul0 10280,71
Cu20 19228,14
Cu 5 EDTA 31804,50
Cu 40 35808,63
Sig. 1,000 1,000 1,000 1,000 1,000
Cu in shoot Subset for alpha = .05
P. vittata CONC. 1 2 3
Cus 109,33
Cu 5 EDTA 137,43
CulO 171,50
Cu20 509,17
Cu 40 1378,67
Sig. ,229 1,000 1,000
Cu in root Subset for alpha =.05
P. vittata CONC. 1 % 3 4
Cu SEDTA 321,17
Cus 7718,50
Culo 14463,38
Cu20 20160,57 20160,57
Cu 40 25699,57
Sig. 1,000 1,000 ,084 ,092




Kingkan Kheawsaard Appendix / 74

7. Statistical comparison of metal accumulation in different arsenic concentrations and
EDTA addition of Pteris tripartita and Pteris vittata in the arsenic spiked aqueous

media with Duncan New Multiple Range test at oc = 0.05.

As in shoot Subset for  alpha =.05
P. tripartita CONC. | 2 3 4
As 0.75 21,71
As 1.25 45,80
As2.5 78,00
As 2.5 EDTA 92,86
As 5.0 130,83
Sig. 1,000 1,000 ,089 1,000
As in root Subset for  alpha = .05
P. tripartita CONC. 1 2 3 4
As 2.5 EDTA 60,43
As 0.75 139,29
As 1.25 163,71
As2.5 225,43
As 5.0 271,33
Sig. 1,000 ,096 1,000 1,000
As in shoot Subset for  alpha =.05
P. vittata CONC. 1 2 3 4
As 2.5 575,57
As5 1406,86
As 20 EDTA 1713,43
As 10 1854,00
As 20 2410,00
Sig. 1,000 1,000 ,294 1,000
As in root Subset for  alpha =.05
P. vittata CONC. 1 2 3 4
As2.5 525,00
As5 782,00
As 10 1328,29
As 20 1780,57
As 20 EDTA 1877,14
Sig. 1,000 1,000 1,000 ,446
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