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Abstract

Seagrass meadows are a critical component of the marine ecosystems worldwide and are sensitive to
changes in the environment. Semirara, Antique operates the biggest open pit coal mines in the
Philippines since 1980. Heavy metals are one of the waste products from mining which can accumulate
in living organisms, posing a threat to their health. In this study, seawater, sediment, and Enhalus
acoroides (tape seagrass) samples were collected from Brgy. Alegria, Semirara and analyzed using
Microwave Plasma - Atomic Emission Spectroscopy (MP-AES) to determine the accumulation of
cadmium and lead. Results showed that concentrations for Cd and Pb in seagrass roots were as follows:
Cd (<0.009) and Pb (0.061 = 0.008) while concentrations in seagrass leave were: Cd (<0.009) and Pb
(0.067 £ 0.005). Concentration of Cd decrease in the following order: seawater > seagrass leaves >
seagrass roots > sediments while concentrations of Pb decrease in the order: seagrass roots > seagrass

leaves > seawater > sediments.
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Introduction. Due to increasing demand for
coastal resources as well as the growth of the human
population to over 7 billion, coastal ecosystems are
exposed to many pollutants including trace metals
from anthropogenic activities through rivers or
atmospheric deposition [l]. The heavy metal
distribution in aquatic system require serious
attention due to rise of global anthropogenic factors.
Acid mine drainage (AMD) from mining sites has
become one of the main causes of aquatic pollution.
Trace elements naturally occur in the environment
but it can have toxic effects at high concentrations
even if they are considered micronutrients for living
organisms like plants [2].

Seagrasses are specialized marine flowering plants
which are ecologically and economically important
by providing nutrition, physical habitat, and
spawning ground for marine organisms such as
marine turtles, sea cows, and fish [3]. Eighteen species
of seagrass have been observed in the Philippines and among
the dominant species in the Western Pacific region
include Cymodocea rotundata,, Enhalus acoroide, Syringodium iso
etifolium, and Thalassia hemprichii [4]. Although several studies
have been established that seagrass accumulate trace
metals, there is a need to conduct more studies
because of the persistence of trace metals’ difficult
biodegradability and their tendency to concentrate on
aquatic organisms [1,2,5,6,7,8].

Seagrass beds surveyed around Caluya group of
islands found in Antique, Iloilo Province are the most
extensive in Region VI [9]. It is also where
Semirara Coal Mining Corporation (SMC) is located.
In such, waste products from mining contains acid,
heavy metals, and PAHs which can contaminate and
accumulate in living organisms which poses a threat
to their health and safety [10].

Very few studies have been conducted which talks
about the environmental impacts of mining in SMCto
its biota. Furthermore, there exists no reliable information
available on the levels of trace metals in SemiraraIsland,
specifically Brgy. Alegria thus, this study  will
contribute more knowledge about the effects of mine
waste from SMC.

This study aimed to assess the concentrations of
cadmium and lead in the dominant seagrass species
in Brgy. Alegria, Semirara Island, Caluya, Antique,
Philippines. It specifically aims:

(1) To measure the concentration of cadmium,
and lead in the intertidal waters and sediment
fractions  of Brgy. Alegria, Caluya,  Antique,
Philippines.

(i) To measure the concentration of cadmium,
and lead from the a) roots and b) leaves of the
dominant seagrass species in Brgy. Alegria,
Caluya, Antique, Philippines

(iii) To compare the concentrations of cadmium,
and lead obtained from the sediment samples, as
the seagrass samples in Brgy. Alegria, Caluya,
Antique, Philippines.

Methods. Cadmium and lead concentrations
were assessed in seagrass, sediment and seawater
samples collected at Brgy. Alegria (12.00°N 121.38°E)
in Caluya, Antique, Philippines. Samples were
then transported via ferry to the Chemistry
Laboratory of Philippine Science High School -
Western Visayas Campus. Samples were then cleaned,
dissected, dried, powdered, and subjected to wet digestion
(HNOs: HyOy) in preparation for analysis. Microwave
Plasma - Atomic Emission Spectrophotometer (MP-AES)
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was used to assess the concentration of cadmium and lead
in the digested samples.

Sampling Site.  The sampling site is located near
the mouth ofBigo Creek, a former coal washing
facility and siltation pond of SMC, which is
approximately 8 km away from the Himalian coal
mine located in Brgy, Alegria [11]. Seagrass samples
were identified using a dichotomous key and
collected at Brgy. Alegria, Semirara Island, Caluya,
Antique, Philippines (12.00°N 121.38°E).

Sampling and Field Collection. Clean Hands/Dirty
Hands (CH/DH) Technique was employed during
water sample collection. One hundred mL of
seawater was collected in high density polyethylene
(HDPE) bottles. Seagrass samples were excavated
using a trowel. The samples were rinsed with seawater
to remove sediment attached to the roots which was
then stored in plastic bags acidified using 0.1%
hydrochloric acid (HCI). The sediment samples were
taken in the vegetated area. The depth of the
collection was approximately 12 inches below the
surface. Sediment samples were collected using a
trowel and placed in clean and acidified plastic bags.

Post Collection Preparation. Collected water samples
were filtered using Whatman Grade 595 filter paper.
The pH of filtered water was adjusted to 4 + 0.1 by
addition of nitric acid. Seagrass samples were
dissected into two parts: roots, and leaves using a
scalpel and oven-dried at 60°C overnight. Dried
samples were grounded using a mortar and pestle and
sieved using 250 pm mesh. Upon arriving at the
laboratory, sediment samples were oven-dried at
60°C. Dried samples were sieved, and finer grain size
fraction of sediments were used for digestion.

Sample Digestion. 0.8 g of seagrass and sediment
samples were digested to 5 mL of 65% HNOgs and 2 mL
of 20% HeOg for 1 hour in hot bath. Digested samples
were left to cool, filtered, and stored in a refrigerator
until analysis. Seawater samples, on the other hand
were digested wusing Ammonium Pyrrolidine
Dithiocarbamate — Methyl Isobutyl Ketone (APDC-
MIBK) complex. APDC (~99%, Sigma Aldrich) and
MIBK (Ajax) was obtained from D’Malt Industrial
Sales Corporation, Iloilo City and Yana Chemodities,
Cebu, respectively. 35 mL of MIBK was added, then,
followed by 7 mL of 1% APDC solution. The solution
was equilibrated for 80 min on a mechanical shaker.
The organic layer was separated and stored in
HDPE bottles while the aqueous layer was stored for
the preparation of standard solutions.

Trace Metal Quantification.  Total concentration
of cadmium and lead in seagrass, seawater, and
sediments were analyzed using the Agilent 4200
Microwave Plasma-Atomic Emission Spectrometer
(MP-AES) at DOST Region 6 OneLlab in LaPaz,
Iloilo City. with a method detection limit (MDL) of
0.08 mg/L and 0.006 mg/L for cadmium and lead,
respectively. The method quantitation limit (MQL),
on the other hand, is 0.009 mg/L and 0.021 for
cadmium and lead, respectively.

Safety Procedure. Collection of data was done
during low tide to ensure the safety of the sampling

method. Personal protective equipment was also
observed to prevent any possible harm from different
organisms present in the area.

Safe handling and proper disposal were properly
observed to minimize adverse impact to the marine
ecosystem. Proper waste segregation was observed to
avoid unwanted reactions in the laboratory. The waste
containers were labeled properly to prevent possible
biological hazards after disposal.

Wearing of personal protective equipment (PPE)
was always observed inside the laboratory especially
in dealing with toxic fumes from chemical reagents
used in this study (nitric acid and hydrogen peroxide).
All reagents and chemicals in the acid digestion
process were handled inside a fume hood.

Results and Discussion.  There currently exists
eight (8) seagrass species in the Caluya group of
Islands [10]. Brgy. Alegria, Semirara Island is near the
mouth of a creek approximately 8 km from
the Himalian coal mine, located near the core of the
mining activities [11]. Results show that
one seagrass species, E. acoroides, is found to thrive in
the seagrass beds of Brgy. Alegria, Semirara, Antique,
covering an estimated area of 275 m? The
E. acoroides seagrass bed thrives very well in the area,
where it can grow up to one meter long.

Cadmium (Cd) concentrations (mg/L) of
seagrass leaves, seagrass roots, sediments, and
seawater are shown in Table 1. The highest
concentrations were observed in seawater samples,
followed by seagrass leaves, and seagrass roots while
lowest concentrations were observed in sediments.
Concentrations of seagrass leaves, seagrass roots,
sediment, and seawater samples were all below MQL
but above MDL. The means for all the samples were
<0.009. With respect to MDL, the mean
concentration of Cd in leaves, roots, sediment and
seawater is 0.007 mg/L, 0.006 mg/L, 0.008 mg/L and
0.008 mg/L, respectively.

Also shown in Table 1 are lead (Pb) concentrations
(mg/L) in seagrass leaves, seagrass roots, sediment,
and seawater. The highest concentrations were
observed in seagrass leaves followed by seagrass roots
while sediments and seawater samples were observed
to have the lowest concentrations with negative
value. Seagrass leaves and roots were both above the
MQL and MDL while sediment and seawater samples
were both below MQL and MDL.

The coastal area of Brgy. Alegria can be classified
as class SC waters. Generally, the water quality
guidelines for lead in class SC waters should not be
above 0.05 mg/L while cadmium concentrations
should not exceed 0.005 mg/L. Specifically, the
parameters for class SC waters near mining industries
for cadmium and lead should be within 0.01 mg/L
and 0.1 mg/ L, respectively.

The results have shown that the concentration of both
cadmium and lead in seawater in the coastal area
of Brgy. Alegria, did not exceed DENR parameters,
for class SC waters near mining sites but exceeded
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Table 1. Mean concentrations of cadmium and lead in
seagrass leaves, seagrass roots, sediment, and seawater
samples (MQL)

Cadmium Lead
concentration concentration
(mg/L) (mg/L)
Seagrass leaves <0.009 0.061 £ 0.008
Seagrass roots <0.009 0.067 £ 0.005
Sediments <0.009 <dl
Seawater <0.009 <dl

cadmium concentrations for secondary general water
quality guidelines [13].

In E. acoroides, the concentration of Cd decreases
in the following order: seagrass roots > seawater
> seagrass leaves > sediments while concentrations
of Pb decrease in the order: seagrass roots
> seagrass leaves > seawater > sediments. These results
confirm that E. acoroides tends to accumulate Cd
and Pb in the plant tissues itself as opposed to other
external compartments such as sediments [1]. Data
from this study do not completely agree with those
previous studies [14] wherein lead concentration in
sediments is  higher compared to those
of seagrass roots and seawater.

Cd and Pb are known to have high toxic effects
and have been the primary cause of polluting the
environment. Elements such as Cd and Pb in the
environment increase through combustion of coal,
presence of mining site and sewage [15,16]. Lead
naturally comes from the activity of burning fossil
fuels, mining, and manufacturing industries while
cadmium is widely distributed in nature as a result of
erosion and sedimentation. Thus, cadmium
concentrations greater than the average can be due to
contamination due to anthropogenic activities.

The metals analyzed in this study were selected as
they represent the most common trace metals that
can affect coastal communities. Both lead and
cadmium were present in the seagrass tissues whereas
negative values were obtained in the sediment and
seawater samples for lead analysis. seagrass roots have
higher concentration for both cadmium and lead.

Higher levels of Cd were observed in
the seagrass roots than other compartments. This can
confirm that preferential uptake of Cd from water is
different from the sediments. However, it has been
reported that there exists a positive correlation between Cd
levels in E. acoroides leaves as opposed to the sediments [15].
Majority of contaminants are absorbed through the roots and
are then translocated to the leaves. Higher concentrations
of Cd could be attributed to the increase in metabolic
rate of these tissues during growth. This phenomenon
could explain higher Cd levels that were observed in
the leaves than to other compartments, since Cd is an
essential metal for growthin E. acoroides species.
Generally, higher Cd concentrations were observed in
recent years. Furthermore, increasing trends in Cd
concentrations have been reported as a worldwide

phenomenon since 99% of Cd in the atmosphere is
due to anthropogenic emissions [17].

Lead levels in seagrass roots are also
comparatively lower in comparison to other
previously reported studies. For seagrass tissues, lead
concentrations from the analysis are generally lower
compared to the study of Sidi et al. 2018. E. acoroides
limits mobility of lead (Pb) to minimize its toxic
impacts [9]. This could also be possibly due to its low
bioavailability from soils and sediments, where Pb is
strongly bound to the organic matter and other
components. This feature has rendered it to have high
phytoremediation potential and could cater the
increasing amount of anthropogenic activities and
contaminants in marine ecosystems.

Trace metal contamination in seagrass varies
among plant compartments, showing different levels
in roots and leaves. Furthermore, they are more
susceptible to heavy metal accumulation because of
the composition of their cell walls. The walls are
composed of polysaccharide groups that act as
binding site for metal and metalloid cations [13].
Seagrass trace metal values may also vary seasonally,
with lower trace metal value in growing season and
higher trace metal value in dormant season [20]. E.
acoroides species are specialized marine plants that
have adapted to nearshore environment.

This study presents the distribution of cadmium
and lead in the coastal ecosystem of Brgy. Alegria,
Semirara, Caluya, Antique, Philippines. The results
have reported that seagrass tissues can accumulate the
metals: lead and cadmium. Accumulation of said
metals in E. acoroides shows the potential of seagrass as
marine bioindicators for long term effects of
anthropogenic activities, specifically coal mining, and
is important for assessing marine ecosystem health.
These seagrass beds are shelters and may serve as food
for different marine organisms, in such, these
organisms may take up toxic substances which in
large amounts may affect their health.

Error Analysis. It took approximately 25 hours
before the samples arrived in Iloilo. Processed
samples were stored for approximately two (2) weeks
before being subjected to MP-AES analysis.

Conclusion. The mean concentration of
cadmium in sediments and in seawater is 0.003 mg/L
and 0.008 mg/L, respectively. While the
concentration of lead in sediments and in seawater is
below detection limit. The mean concentration of cadmium
in seagrass leaves and seagrass roots is 0.007 mg/L and 0.006
mg/L, respectively. While the mean concentration of lead in
seagrass leaves is 0.061 mg/L. and 0.067 for seagrass roots.
Seagrass roots have the highest concentration for both
cadmium (0.003mg/L) and lead (0.007 mg/L). On the other
hand, sediments sample have the lowest concentration for
both cadmium (0.008mg/L) and lead (below detection limit).

Recommendations. In trace metal quantification,
Atomic Absorption Spectrophotometer (AAS) may be
used as an alternative for MP-AES. In sediment
collection, PVC corer can be used instead of a trowel.
It is recommended that seasonality, and
environmental factors such as ocean currents must be
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identified prior to the collection. It is further
recommended that future studies collect samples all
throughout Caluya while taking into consideration
the ocean currents where mine effluents can wash up.
Moreover, it is also recommended that samples will
be collected in different times of the year to further
determine the variations of heavy metal
concentrations in different seasons.
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