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Abstract. In this study, viability of employing the waste treatment technique for
industrial application was conducted by setting up a phytoremediation protocol for field
application where heavy metal (Arsenic and Copper) contaminated adsorbents, i.e. coco
peat and nanofiber membrane, used for the treatment of wastewater were also included.
An arsenic hyperaccumulator, Pityrogramma calomelanos was used for the treatment of
mine wastes- tailings, coco peat and nanofiber membrane. Phytoremediation procedure
was established by investigating planting parameters namely ; plot height - (9 cm and 15
cm) and planting distance- (15 cm and 20 cm) for a period of five months. Translocation
factor and % uptake of As and Cu by ferns were measured. According to the results, %
uptake of As and Cu by P. Calomelanos was 0.16 % and 0.01 % and translocation factor of
As and Cu was 6.78 and 0.04, respectively. Plant growth factors (root length, frond height
and dry weight) in tailings mixture plant boxes and control soil were also determined.
Accordingly, P. calomelanos grew well in tailings mixture without the symptom of
phytotoxicity. Therefore, P. calomelanos can be used for the phytoremediation of the said
heavy metal contaminated mine wastes. Based on this study, 15 cm plot height and 20 cm
plant distance were suitable for field experiment although long term research data is
required. The overall protocol for the treatment of mine wastes as field experiment was
proposed based on the results.

small- scale mining technologies leaves undeveloped and
inefficient for the production and minimizing the

1.Introduction

Mining for valuable metals, coal, and different wares
shapes a significant piece of the economies of numerous
nations [1]. The major environmental impact from waste
transfer at mine site can be separated into two classes:
the loss of productive land following its change to a
waste stockpiling zone, and the presentation of silt,
corrosiveness, and different contaminants into
surrounding surface and groundwater from water
running over uncovered dangerous or chemically
reactive wastes [2]. The Philippines is considered as one
of the profoundly mineralized nations per unit area of
land. Mining activities are collected in Baguio Mining
District, Benguet, Luzon where metallic reserves, for
example, gold, silver, and copper are the biggest in the
country [3]. Gold is the third most significant product in
the Philippine export trade done by both small scale or
large scale industry. Comparison of the mining
technology of large-scale miners to small-scale miners,

* Corresponding author:zwin@upd.edu.ph

environmental and health impacts because of lack of
capital cost [4]. The small-scale gold processing place
for this research released mining wastes (solid wastes-
tailings and liquid waste-effluents). Mine tailings were
stabilized in the tailings pond. Coco peat and
polycaprolactone montmorillonite (PCL-MMT)
nanofiber composite were utilized as adsorbents for the
treatment of mining wastewater [5]. At a certain point,
the spent adsorbent- coco peat and nanofiber membrane
with heavy metals have to be properly disposed to
minimize impacts on the surrounding environment. The
estimated amount of mine tailing, coco-peat and
nanofiber membrane produced per treatment are 3-4
tons, 25 kg and 20 g respectively.

Mining, producing, and the utilization of synthetic
products (for example pesticides, paints, batteries,
industrial waste, and land application of industrial or
domestic sludge) can bring about heavy metal

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).
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contamination of urban and agricultural soils [6]. Heavy
metals are the major environmental contaminants and
represent a serious risk to human and animal health by
their long term persistence in the environment. Among
heavy metals related in the studied mine wastes, main
concerns are arsenic (As) and copper (Cu) because of
their high concentration in the wastes and surpasses the
standard [7].

Cu pollution for soil and groundwater mostly results
from mine sites. At super optimal levels (>100 mg/kg),
Cu is profoundly lethal to plants [8]. Most Cu-tolerant
plants are excluders, and Cu accumulators have not been
distinguished [9]. Copper is one of the poisonous heavy
metals that have an ability to bind to albumen and other
small molecules in the human body as 'free Cu' to cause
nerve damage. Excess copper consumption causes
stomach upset, sickness, and diarrhea and can prompt
tissue damage and disease [10].

Then again, As is exceptionally lethal and cancer-
causing, and hence the reclamation of As contaminated
sites is imperative [10]. It exists normally in soil and
rock, particularly in ores that contain Cu and Pb. The
most widely recognized inorganic types of As in nature
are arsenate and arsenite [11]. Chronic exposure to As
may cause changes in the skin, which is related to
damage of blood vessels. Other acute effects include
skin, liver, bladder, and lung cancer, sore throat, and
nerve issue. Exposures to high concentrations of
inorganic As can cause infertility and miscarriages in
ladies, skin irritation, declining protection from
infections, brain damage, and cardiovascular impacts,
including hypertension, coronary vein disease, vascular
disease, and atherosclerosis [12]. Studies show that fetal
improvement is additionally influenced by chronic
exposure to As [13].

Mine tailings can be burdened with critical amounts
of heavy metals. Consequently, finding new and
improving existing tailings treatment procedures is
significant. Toxic metals are one of the primary
contaminants present in mine tailings [14]. A few
remediation techniques have been created to treat
contaminated soil, mostly mechanically or physio-
chemically based remediation methods [15].
Phytoremediation is utilized over contaminated sites and
have served to help and aid contamination cleanup
efforts [16]. Phytoremediation of heavy metal polluted
soil depends on the capacity of plants to accumulate
metals at concentration substantially over those found in
the soil in which they grow. This methodology has
noteworthy economic advantages of over other
techniques. Remediation of heavy metals by plant
species can be partitioned into three groups:
phytoextraction, metal accumulating plants are planted
on polluted soil and later collected so as to expel metals
from the soil; rhizofiltration, roots of metal accumulating
plants retain metals from contaminated effluents and are
later harvested to decrease the metals in the effluent; and
phytostabilisation, metal-tolerant plants are utilized to
lessen the versatility of metals, in this way, the metals
are balanced out in the substrate [17].

This study focused on the problem of mine tailings
and heavy metal loaded coco peat and nanofiber

membrane generated in small-scale gold processing area
with high As and Cu contents. Assessment of proper
disposal of mine wastes such as mine tailings and
evaluation of degradation of coco peat and the nanofiber
mat after stabilization of the adsorbed heavy metal must
be conducted. Therefore, after stabilization and
precipitation process, phytoremediation was chosen as
final treatment process [5]. The factors used for choosing
plants for phytoremediation are: high metal tolerance,
high bioaccumulation factor, short cycle of life, high
propagation rate, wide distribution and large shoot
biomass [18]. The native ferns species that can also grow
naturally in mine sites is Pityrogramma calomelanos.
This ferns is an arsenic hyperaccumulator [19-21]. P.
calomelanos accumulated up to 8000 mg As kg [18].
The highest level of As accumulation in P. calomelanos
is 4034 mg/kg (in the fronds); 2256 mg/kg (in the roots)
[22]. Although it is an As hyperaccumulator, the ferns
still have ability to accumulate Cadmium (Cd), Lead
(Pb) and Zinc (Zn). P. calomelanos can tolerate 4000
mg/kg Pb and 300 mg/kg Cd, respectively. To the best of
knowledge, P. calomealnos is not a hyperaccumulator of
Cu. P. calomelanos could absorb Cu well especially in
the belowground of the ferns [23-26]. Algo et al. (2014)
observed that accumulation of total Cu concentration in
P. calomelanos (57.39 mg/kg Cu) and Pteris sp. (43.13
mg/kg Cu) was found in two mining sites in Benguet,
Philippines with Cu concentrations ranging from 71.1 to
384 mg/kg [27]. P. calomelanos could uptake 38.6
mg/kg of Cu in fronds and 2393 mgkg™ in roots from the
soil with 4302mg/kg of Cu [23]. For this plant,
systematic procedure to implement them in large scale
remediation process has not been investigated.

In the present study, an attempt to set up a protocol
for the phytoremediation of heavy metal contaminated
mixture of mine tailings, coco peat and nanofiber
membrane using ferns; P. calomelanos. There was a
consideration for the setting up a protocol; planting
parameters- plot height and plant distance. Planting
parameters; height of plot (soil depth) and plant distance
were decided based on the factors correlated with
phytoremediation.

2. Materials and Methods

2.1 Sample collection, plant selection and
plant box preparation

Mine tailings, contaminated coco peat and nanofiber
membrane were collected from small-scale gold mine
processing site in Kias, Benguet. Compost was
purchased from the Material Recovery Facility in the
University of the Philippines, Diliman, Quezon City,
Philippines. Natural soil or garden soil that used as
control was purchased from landscaping supplier.
Pityrogramma calomelanos was chosen for this study.
The ferns with 4 or 5 fronds stage were collected
from University of the Philippines campus and
transplanted from the nursery bags to the plant boxes.
Each plant box was constructed with aluminum frame
lined with mosquito net and Tarpaulin sheet to prevent
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soil mixture from getting discharged with excess water.
In the center, a hole was made by piercing the tarpaulin
and plastic funnel was attached to collect the leachates.
The containers were placed under plant boxes to collect
any possible leachate from daily irrigation with water as
well as biosafety of the site.

2.2 Preliminary planting medium preparation
and experimental design

Plastic and other unwanted materials that can inhibit the
growth of plants were removed form coco peat and
compost. Mine tailings were crushed or homogenized to
avoid clumping before mixing. Tailings, coco-peat and
compost were mixed according to the ratio resulting
from the biodegradation experiment which was the 60%
tailings and 40 % compost. Coco peat was mixed as 10%
of the 60% tailings. After mixing, tailings mixture was
transferred to the plant boxes of different plot height and
plant distance of each fern. The amount of contaminated
nanofiber membrane from wastewater treatment process
of gold mining site is small and can be considered
negligible. Natural soil or garden soil was used as
control for each fern type.

For planting, two plant distances (15 cm, 20 cm)
and two plot heights (9 cm,15 cm) were assigned.
Control plant boxes were also made with 25 cm plant
distance and 20 cm plot height because plants can grow
well in uncontaminated soil more than in contaminated
soil. Twenty five ferns were grown in each plant box.
Five samples were collected from each plant box at
every monitoring schedule.

The Experimental set up is shown in Table 1.

Table 1. Plot set up

P. calomelanos
Plant Box | Plant Plant Plant Plant
1 Box 11 Box III Box IV Box V
D=15cm D=15cm | D=20cm | D=20cm | Control
H=9cm H=15cm | H=9cm H=15cm | D=25cm
H=20cm

D= Distance between plants
H= Plot Height

Weekly checking and measuring of fern height was
conducted to evaluate their growth in the tailings
mixture. After harvesting, root length and dry weight of
ferns were also measured every month.

2.3 Sample collection and preparation for
analysis

Total duration of the growing time was five months.
Every month, 5 ferns from each plant box were
harvested randomly and separated into roots and fronds.
Harvested material was thoroughly washed by using a
three step-washing sequence consisting of two steps tap
water, followed by distilled water. Samples were then
air-dried, placed in an oven at 60 ‘C for 48—72 h. Dried
samples were weighed, mechanically ground (<1 mm)
and stored in labeled plastic bags for further analysis.

Tailing mixture samples was collected every
month. Sample taking pattern was shown in Figure 1.
The tailing samples were taken from three points; left,
right and middle around the area assigned on one fern
that can be seen in Figure 1. Total samples for a fern was
9 samples. For the plant box with 9 cm plot height,
tailing mixture was collected using hand driven stainless
steel soil corer from three depths (0-3 cm, 3-6 cm, 6-9
cm) of each box. For the plant box with 15 cm plot
height, tailing mixture was also collected from three
depths (0-5 cm, 5-10 cm, 10-15 cm). For the plots with
20 cm plot height, soil samples were collected from three
depths (0-6 cm, 6-12 c¢cm, 12-20 cm). After collection, 3
samples from same depth No. (1,7,4), (2,5,8) and (3,6,9)
were made as a composite sample for analysis. Samples
were air- dried, grounded with motor and pestle and
sieved using 300 pum (No.5 0) sieve to remove plant
materials and other debris. It was then store in plastic
bag for further analysis.

0-6cm @

Fig. 1. Fern and soil samples harvesting pattern

2.4 Total metal concentration in ferns and
tailings mixture

The total amount of As and Cu in the tailings mixture
and control soil was determined using a method
modified from ASTM D 5198-09. The metal
concentrations were analyzed by Teledyne Leeman Labs
Prodigy 7 Inductively Coupled Plasma Optical Emission
Spectrometry  (ICP-OES). After analysis, metal
concentration from three depths was summed to get
average value for the calculation of percent removal of
As and Cu from tailings mixture. Total heavy metal
contents of raw mine tailings, compost, coco peat and
control soil were also determined using the same
digestion method.

Dry ashing method was used for the digestion of
fern samples [28]. The heavy metal concentrations were
analyzed by Teledyne Leeman Labs Prodigy 7
Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES). % Uptake of As and Cu by
ferns were calculated through the heavy metal analysis
data and plant growth data. The translocation process
capacity of As and Cu from ferns shoots to roots is
expressed by the translocation factor (TF).

2.5 Overall protocol

Ferns growth data such as root length, dry weight of
ferns and fern height and uptake of heavy metals were
suggested the idea of choosing planting parameters such
as plot height and plant distance for phytoremediation.
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After proposing the fern species and planting parameters
(plot height and plant distance), the overall protocol for
the phytoremediation of mine wastes was set up.

3. Results and Discussion

3.1 Effect of planting parameters on fern
growth of P. calomelanos

3.1.1 Root length of ferns for 15t and 5" harvesting
periods

For the study of the effect of planting factor (plant
distance and plot height), the behavior of root length in
the P. calomelanos plant boxes with the plant distance;
15 cm and 20 cm and plot height; 9 cm and 15 cm
respectively in the tailings mixture media were first
checked. According to Figure 2, it could be clearly seen
that root length of each box increased from 1% period to
5 period and seemed that no phytotoxicity occurred on
the ferns. The progress of root length proved that the
ferns grew well and absorbed increased heavy metals
from tailings mixture.

| & b L
dd i

Tailings mixture Control

Root Length (cm)

mlst Period m5th Period

Fig. 2. Root length of ferns in tailings mixture and control
plant boxes for 1% and 5™ harvesting periods

The numerical values of root length from plant box
I to IV for P. calomelanos were similar in 5™ harvesting
period although their planting factors were different. The
highest root length of P. calomelanos was found in plant
box III with plot height 9 cm and plant distance of 20 cm
for 1%t and 5 harvesting periods.

Comparing the root length of tailings mixture plant
boxes with control box as shown in Figure 2, among the
4 boxes, the box III with plant distance and plot height
(20 cm and 9 cm) did not show much different with the
control where the values are (8.42 cm and 9.57 cm) for
1t period and (13.30 cm and 15.64 c¢m) for 5" period
respectively. Control box have longer root length than
that of other tailings mixture boxes.

3.1.2 Dry weight of ferns for 1t and 5 harvesting
periods

At the end of the each harvesting period, the dry weight
(DW) of fronds and roots from tailings mixture plant
boxes and from control was measured. The total DW of

ferns from tailings mixture and control plant boxes are
shown in Figure 3. There was a big difference of dry
weight of ferns from every box for 1* and 5" periods.
This showed a fast growth of ferns thru time. For P.
calomelanos, dry matter in plant boxes I and II were
lower than that of in plant boxes Il and IV for 1%
harvesting period but almost all were the same for 5"
harvesting period except plant box I. Box I and II have
same plant distance (15 cm), and Box III and IV have
(20 cm) plant distance. According to previous
comparison of dry matter weight for 1% period, it seemed
that plant distance had an effect on the dry matter. This
is logical because during the first month, the ferns were
still small and they have sufficient amount of space to
grow compared with last period.

60

Dry Weight(g)

g 3
—
S
—_—
—_—
—_—

(%}

, 8 LN HN &N N

I 11 I v Vv

Tailings mixture Control

® Ist Period = 5th Period

Fig. 3. Dry weight of ferns in tailings mixture and control plant
boxes for 1 and 5% harvesting periods

Comparing the dry weight of P. calomelanos in
tailings mixture plant boxes with control box, the dry
weight of ferns in control plant box was higher than that
of all tailings mixture plant boxes for both 1 and 5%
periods. The planting parameters and the planting
medium (physico-chemical properties) were different
from control and other plant boxes.

3.1.3 Frond height of ferns for 15t and 5" harvesting
periods

Height of fronds is one of the parameters that can assess
the growth of a fern. From Figure 4, it could be observed
that frond height of all of the ferns in every plant boxes
were significantly increased from 1% period to 5" period.
The growth patterns of 1% period and 5™ period though,
were not consistent.

For P. calomelanos, the highest frond height was
noted in box IV (15 cm plot height and 20 cm plant
distance) in 1% period while box II (15 cm plot height
and 15 cm plant distance) showed the highest frond
height in 5® period.

In comparison with the frond height of P.
calomelanos tailings mixture plant boxes with control
box, the height of fronds in control plant box was higher
than that of all tailings mixture plant boxes for 1* and 5™
periods. Compared with the plant box with highest frond
height, the frond height of control was not significantly
higher than that of tailings mixture plant box.
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Fig.4. Frond height of ferns in tailings mixture and control
plant boxes for 1% and 5™ harvesting periods

In general, plant growth factors- root length, dry
weight and frond height of control were higher than that
of ferns grown in tailings mixture plant boxes. The
planting factors of control were different from tailings
mixture plant boxes. Control boxes has higher plot
height (20 cm) and plant distance (25 cm). It was
expected though that better and higher fern growth can
be observed in control soil. The difference of plant
growth can be assumed that the tailings mixture has
significant amount of heavy metal but control just had a
background concentration of the metal in the soil. The
ferns in the control boxes suffered less metal stress
compared to the ferns grown in contaminated tailings
mixture. The control soil was garden soil that had
enough nutrients to support plant growth.

One of the considerations about metal stress of
ferns during experiment is known that natural soils
contained enough plant nutrients and microorganisms
compared with the mine tailings. Compost though
contained a variety of microorganism and plant nutrients
compared to garden soil. It was known that
microorganism in the soil and rhizosphere help in the
growth of ferns and uptake of heavy metal [29,30].
Theoretically, the ferns grown in tailings mixture must
have shown higher growth than that of ferns grown in
control soil. According to Figures 2-4, the ferns growth
factors- root length, dry weight and frond height of P.
calomelanos grown in tailings mixture were lower than
that of control ferns grown in natural soil although
tailings mixture was made of 40% compost. Also in the
statistical analysis, planting factors have no significant
effect on the growth of ferns. The metal stress on the
ferns in the tailings mixture was due to the higher
amount of As and Cu than compared to the control soil.

Experimental site observations showed that the
fern species established successfully in the plant boxes
and grew without showing phytotoxicity symptoms.

3.2 Heavy metal concentration of raw
phytoremediation media

The tailings mixture used in phytoremediation was
prepared by mixing of tailings, compost and coco peat
where the amount of As and Cu in the raw tailings
mixture before phytoremediation were 168.85 mg/kg and
5201.85 mg/kg. The compost and natural soil had a

small amount of As and Cu compared to mine tailings
and spent coco peat but Cu amount which were over the
maximum permissible limits of soil according to WHO
[31]. The physico-chemical characteristics of mine
tailings, compost and coco peat were also presented in
Table 3.

Table 2. Heavy metal concentration of mine tailings, coco
peat, compost and natural soil

Heavy metals concentration
Samples (mg/kg of sample)

As Cu
Mine Tailings 156.63 4641.85
Coco peat 9.74 340.9
Compost 2.48 219.6
Natural soil 4.54 104.1
*Maximum
allowable limit 20 100
**Phytotoxicity 10 100
level

*World Health Organization (WHO), Food and Agricultural
Organization (FAO), **[32]

Table 3. Physico-chemical characteristics of mine tailings,
compost and coco peat

Characteristics Mining Compost Coco
tailings peat

pH 7.6 6.18 6.54
Nitrogen(N), Total,
% <LLD 0.559 -
Phosphorous (P20s),
Total, % 0.098 0.508 -
Organic Matter(OM),
Total, % w/w 1.106 28.613 | 94.92
Lignin content,%
w/w dry basis } - 49.86
Total cellulose,% ] ] 51
w/w dry basis .

3.3 Percent uptake of heavy metal by ferns in
tailings mixture and control plant boxes

Heavy metal content of tailings mixture occupied by a
ferns according to their root length was also calculated
from the value of raw tailings mixture. Calculation was
based on the fact that roots of a single fern occupied
equal soil volume. In each box, every single fern roots
would occupy equal soil volume because the ferns were
planted on a grid.

Percent uptake of a fern was calculated as follows :
% uptake of a fern = Total As concentration in
ferns/Total As concentration in soil x 100

The % uptake of ferns in control plant boxes are
presented in Figures 5 and 6. Although the amount of
heavy metal in control was very low compared to
tailings mixture, the ferns showed uptake of As and Cu.
Percent uptake of As of ferns increased form 1% period to
5 period but the % uptake of Cu was decreased from 1%
to 5™ period.
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P. calomelanos can uptake As and Cu from the
soil. The control soil had just a background level of
heavy metals so that data on uptake was not consistent
although all the plants were grown under identical
environmental conditions. The various physical and
chemical properties of the control soil may have an
effect on heavy metal uptake but this is not the focus of
this study.

%Uptake (As)

e L L] ||
3 ) B T R T R |

-0.5 Tailings mixture Control

® Ist Period m5th Period

Fig. 5. Percent uptake of As by ferns for 1% and 5% harvesting
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Fig. 6. Percent uptake of Cu by ferns for 1%t and 5% harvesting
periods

The percent uptake of heavy metal (As and Cu) by
ferns in tailings mixture for 1% and 5™ periods are
presented in Figures 5 and 6. The fern As uptake is
related to the As concentration of fern and dry biomass
[19]. As shown, % uptake of As by ferns was
significantly increased from I period to 5" period.
When the % uptake of As in tailings mixture plant boxes
was studied, all plant boxes (I, II, III, IV) showed the
nearly same uptake values for 1% period but for 5"
period, the uptake of plant box I with 9 cm plot height
and 15 cm plant distance was higher than other three
boxes. P. calomelanos was proven by many researcher
as As hyperaccumulators during phytoextraction
[19,21,39]. Phytoextraction efficiency is not only
indicated by the degree of hyperaccumulation, but also
by the biomass produced [25]. Also, differences in the
amount of As extracted from the soil by the plant are
likely related to: i) As availability in the soil, ii) growth
period of plant, and iii) whether or not the plants grew
under greenhouse or field conditions [38]. As shown,
percent uptake of Cu by ferns was significantly increased

from 1* period to 5 period except plant box III although
the values of % uptake of Cu were differed from one
plant box to another with different plot heights and plant
distances. When the % uptake of Cu in tailings mixture
plant boxes was studied, all plant boxes I, II, IV showed
the nearly same uptake values for 1* period except plant
box III with 9 cm plot height and 20 cm plant distance
but for 5" period, the uptake of plant box I with 9 cm
plot height and 15 cm plant distance was higher than
other three boxes.

P. vittata, P. calomelaonos and other ferns species
were collected from the tailings pond and tunnel in
Benguet and analyzed for the Cu content in the study of
[27]. The result was that the highest total Cu
concentration accumulated in P. calomelanos (57.39
mg/kg Cu) and Pteris sp. (43.13 mg/kg Cu) that amount
was uptaken from the soil with Cu concentration of
ranging from 71.1 to 384 mg/k [27]. The concentration
of Cu in soil for that study and the tailings mixture in
this study was different. The tailings mixture has Cu
concentration of 5201.85 mg/ kg of dry weight.
According to uptake of ferns, P. calomelanos can uptake
highest amount of Cu 92.24 mg/kg when the soil metal
content was 5201.85 mg/kg. The excess Cu in plants
leads to oxidative stress inducing changes in the activity
and content of some components of the antioxidative
pathways [42]. Also, the bioavailability of heavy metals
like Cu is based on the influence of soil physical factors
[10]. Generally, it could be assumed that if the plot
height is longer, the root can grow longer and absorb
more metals.

Plant distance was assumed to correlate with dry
biomass and plot height as well as root length. When the
root length was longer, the calculated heavy metal
contents of soil was higher. At the same time, the
concentration of heavy metals of the ferns could also be
greater when the dry weight of biomass was higher.
Therefore, the % uptake of Cu was higher from 1 period
to 5" period except plant box III and VI because the root
length and dry weight also increased thru time.

3.4 Translocation factor

Some heavy metal accumulator plants tend to store
heavy metals in its roots, while others translocate these
in its shoot and/or leaves. The efficiency of
phytoremediation can be quantified by calculating
translocation factor. The translocation factor (TF) is
commonly used to evaluate the heavy metals storage in
plant tissues, where TF > 1 indicates the effective
translocation of heavy metals from roots to shoots[33,
34]. Translocation factor (TF) of As and Cu for P.
calomelanos in control soil and tailings mixture for 1
and 5" harvesting period can be seen in Figure 7 and 8.
As shown, TF values of As for control plant boxes were
greater than one in 1% period and 5" period. This means
that the amount of heavy metals in the frond was higher
than the amount in roots and the metals can translocate
from root to shoot. For Cu, TF value of control plant box
for 1°" period was greater than one, it means that Cu in
the ferns grown in natural soil can translocate from roots
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to fronds, this results was in contrast with Algo et al.
(2014) and Dahilan and Dalagan (2017). But for 5%
period, it could not be calculated because no Cu
accumulation in frond accoridng to the analysis results.
Therefore, the result of P. calomelanos in 1% period
might be experimental error. The amount of Cu in the
soil is low and may not be consistent [36].
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Fig. 7. Translocation factor of ferns for 1% and 5" harvesting
periods (As)

1.4
1.2

1
0.8
0.6
04

0.2
0 . m = L I

I I I v v
-0.2 o .
Tailings mixfure ontrol

-0.4

Translocation Factor (Cu)

m Ist Period m 5th Period

Fig. 8. Translocation factor of ferns for 1% and 5" harvesting
periods (Cu)

For Arsenic, TF of ferns are greater than 1. TF>1
represent that translocation of metals effectively was
made to the shoot from root [19, 34, 37]. A key feature
of metal accumulation is the efficient metal transport
from roots to shoots, characterized by the translocation
factor being greater than one [16,38]. This results are in
agreement with many studies where TF of Arsenic of P.
calomelanos was greater than 1 [21, 25, 39, 40].
Theoretically, TF value must be larger from period to
period because according to plant growth data, all ferns
grew well from 1% to 5 period. In this case, TF value of
P. calomelanos was correlated with the growth data
except for plant box II where the TF value was higher in
1t period than that of 5" period. According to ferns As
data, As contents of frond and root increased thru time.
There might be one consideration that although most of
the metal translocate to upper part of ferns, some may be
volatile because of the action of microorganism [12,41].

For Cu, TF value of the ferns were lower than one.
It means that most of the Cu uptake were stored in below

ground part and not translocated to upper ground part. In
general, those results stood in agreement with many
studies which found that the accumulation of Cu was
greater in roots in comparison with shoots of P.
calomelanos [17, 27]. Algo et al. (2014) stated that TF of
Cu of P. calomelanos was lower than 1 and most of Cu
was accumulated in the roots. Furthermore, other Cu
non-hyperaccumulator plants could not translocate and
stored more metal in the roots. Almost all of TF of ferns
were lower in 5" period than that of 1t period except
plant box I and II although the fern growth data was
increased from 1% period to 5™ period.

Plants also require certain heavy metals for their
growth and development, and excessive amounts of
these metals can become toxic to plants [30]. Higher
metal concentrations in soil likely inhibit the growth and
development of plants and may thus reduce the
efficiency of phytoremediation [30]. Although there was
no sign of phytotoxicity in this species of ferns, it might
not be able to accumulate Cu very well because of high
metal content in the tailings mixture. However, the plant
nutrients and microorganism from compost can support
the growth of plant and uptake of ferns to some extent.
For that reason, some Cu could be translocated from
below ground to above ground part of ferns.

3.5 Setting up a phytoremediation protocol

The objective of this study was to set up a
phytoremediation protocol to treat mine tailings and
heavy metal contaminated coco peat and nanofiber
membrane from small scale mining industry. To
implement this, the results from phytoremediation
experiments, in term of % uptake of As and Cu by ferns
and % removal As and Cu from tailings mixture were
utilized.

Table 4 shows the concentration and % removal of
heavy metals (As and Cu) after 5 months
phytoremediation where the average concentration of As
in P. calomealnos plant boxes was 31.81 mg/kg. The
average Cu concentration was 636.32 mg/kg. The %
uptake of As and Cu by P. calomelanos was 0.16 and
0.013 respectively while the % removal of As and Cu in
plant boxes were 81.16 and 87.76 respectively. There
seemed to be mismatch in the amount of heavy metal
removed from the tailings mixture (~80%) and the
amount of heavy metal taken up by the ferns (<1%). The
material balance of heavy metal in the tailings mixture
and in the fern could not be obtained. The assumption
for the higher removal of heavy metal aside from the %
uptake was that the excess removal of metal must have
gone into the leachate or may have accumulated in the
microbial consortia and some may have volatilized, such
as As which have been converted to Arsine gas by the
action of certain microorganisms. The soil is in complex
entity in consideration of its properties including the
microbial consortia and heavy metal present. Although
the material balance was not available, approximately
~80% removal of heavy metals was obtained in plant
boxes.
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Table 4. Concentration and % removal of heavy metal (As,
Cu) in 5" harvesting period

Plant| Plot height, As Cu
box |plant distance " % A %
no. & X8 emoval| e Elremoval

I | 9cm, 15cm |30.81| 81.76 |824.4{ 84.15
II ]15cm, 15cm|35.63| 78.90 |763.2f 85.33
III | 9cm, 20 cm |34.02] 79.85 [508.9] 90.22
IV |15 cm, 20 cm|26.80| 84.13 |448.8| 91.37

According to heavy metal (As, Cu) uptake data, P.
calomelanos could uptake more As and Cu in plant
boxes with plot height 9 cm and plant distance 15 cm but
plant boxes with 15 cm plot height and 20 cm plant
distance was more suitable for phytoremediation of As
and Cu. This assumption though was only for 5 months
experiment. A study stated that after 10 months, the
roots of P. calomelanos reached up to 60 cm [39].
However, the highest soil As reduction was found only
in 0-20 cm and 0-15 cm soil in 27 months and 24 months
studies [39].

Phytoextraction is a root-based biotechnology, and
the depth of remediation is limited by the root
distribution of the cultivated plant [42]. To enhance
phytoextraction of metals from contaminated soils, plant
roots should grow as widely as possible to absorb more
heavy metals [43]. Contamination of heavy metals was
mainly concentrated in the top 20 cm at the site [17]. In
addition, the nature of the root system of P. calomelanos
should be considered. P. calomelanos possesses strong
creeping rhizome system [44]. Plants need to grow
widely to absorb more heavy metal. Based on studies,
the plant distance and plot height could be adjusted and
set according to intended clean up time of heavy metals.
Generally, it could be proposed that plot height 15 cm
and plant distance 20 cm are suitable for the
phytoremediation of As and Cu contaminated tailings
mixture with the aid of P. calomelanos. Therefore,
tailings, coco peat and nanofiber membrane retrieved
from the sedimentation tank, filter bed and adsorption
column can be treated near the processing site according
to the procedures presented in Figure 9.

The first step is the selection of site for
phytoremediation. A shallow excavation on the ground
can be made with the intended grids, lined with an
impermeable polymer sheet to prevent contamination of
ground and an appropriate leachate collection system.
While the site is being prepared, tailing materials
(tailings, coco peat and nanofiber membrane) are
characterized and mixed with compost based on the ratio
of phytoremediation experiment (54% mine tailings, 6%
coco peat and 40% compost). P. vittata is chosen as
metal accumulator because it can uptake more As and
Cu than P. calomelanos in the phytoremediation
experiment. The plot height is 15 cm and distance
between ferns is 20 cm. The experiment time may be set
at 5 months. During the acclimatization period of the
fern, they are watered two times a day for two weeks,
after which once a day will suffice until the end of

experiment. Weekly weeding is also required for
monitoring the ferns.

After 5 months, the heavy metal content of tailings
mixture is analyzed. If the concentration of heavy metals
in the mixture does not meet the regulatory limit, for
example 20 mg/kg of As and 100 mg/kg of Cu according
to WHO, growing of ferns will be continued. When the
concentration of heavy metals is within maximum
allowable limit, the ferns can be harvested and disposed
using suitable disposal method such as precipitation of
metal via hydrothermal extraction. The tailings mixture
is removed from the site and can be used as soil
conditioner, agricultural soil or any other purposes. The
leachate collected from the leachate collection system
has to be managed following the water quality guideline
of Department of Environment and Natural Resources
(DENR) Philippines.

Receipt of tailings
materials

Site preparation;
Excavatca, Impermesble
lyer

+ Leachate collection
L2

Manage leachate
following the water
quality guideline of

DENR

I

Plot preparation;
Plot Height (15 cm) and Plant
wlestion

Plsting distance (20 cm) and

T — Growing and
[N Monitoring
Fems s -
\\ =
b <
Soil conditioner, ’
agricultural soil

extraction (c.g)

Fig. 9. Overall procedure of phytoremediation

Conclusion

Root length, dry weight and frond height significantly
increased through the duration of experiment for P.
calomelanos. These ferns can grow well without visual
sign of phytotoxicity compared with the control.
However, ferns grown in tailings mixture had lower root
length by 25 %, lower dry matter yield by 48 % and
shorter frond height by 22 %. It is thus concluded that
the ferns grown in tailings mixture underwent metal
stress. Percent uptake of As and Cu by P. calomelanos
was (0.16) and (0.013) respectively. Translocation factor
of As of P. calomelanos was higher than one but
translocation factor of Cu was lower than one. P.
calomelanos can translocate As but most of the Cu was
stored in belowground part.

According to heavy metal (As, Cu) uptake data, P.
calomelanos could uptake more As and Cu in plant
boxes with plot height 9 cm and plant distance 15 cm.
This assumption though was only for 5 months
experiment. Plants need to grow widely to absorb more
heavy metal. Based on studies, the plant distance and
plot height could be adjusted and set according to
intended clean up time of heavy metals. Generally, it
could be proposed that plot height 15 cm and plant
distance 20 cm are suitable for the phytoremediation of
As and Cu contaminated tailings mixture with the aid of
P. calomelanos.
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