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Harmful substances like metals ultimately end in the seafloor and contaminate marine 
ecosystems. These substances are of particular concern due to their bioavailability and 
toxicity to marine organisms. In this study, metals (Pb, Cd, Cr, Zn, and Cu) were 
determined in the body wall of common sea star L. laevigata, and A. planci collected 
from Carmen, Agusan del Norte, Philippines. The metal content in terms of 
concentration of L. laevigata follows the order Pb > Cu > Cd > Cr > Zn while for A. 
planci is Pb > Cu > Cr > Zn > Cd. Both species were found to consistently contain the 
most lead and copper, which could suggest bioaccumulation of these elements from the 
environment. It is believed that these metals were sourced from the sediments or their 
food and are accumulated in their body wall. The differences in metal content for Pb 
and Cd were believed to be due to the difference in the diet for the two species. 
Comparable metal content was found in Cd, Cr, and Zn. It is recommended that further 
studies are conducted, especially in monitoring the metal content in the sediment and 
bioaccumulation of these metals in different trophic levels. 
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INTRODUCTION 
 
The seafloor is considered as the final acceptor for many 
contaminants (Matranga et al., 2012). These contaminants 
are often carried by rivers or the atmosphere and eventually 
reach and contaminate marine environments (Danis et al., 
2006). An example of these contaminants is heavy metals. 
Heavy metal ions are insoluble substances dissolved in 
water, which forms toxic sediments at the bottom of bodies 
of water (Walag, Canencia, et al., 2018). These toxic 
substances often bring undesirable effects to organisms at 
different levels of the food chain and by disrupting the 
functions of other essential metals (Jakimska et al., 2011a). 
Monitoring of heavy metals in the environment is important 
in maintaining healthy river systems including waterbodies 
that are near mining industries, electroplating, tanning, and 
other similar industries (Baharom & Ishak, 2015; Canencia 
et al., 2016; Canencia & Walag, 2016).  

Marine organisms are also used to monitor heavy metal 
contamination. This is due to their varied coping 
mechanisms to respond to environmental stresses like heavy 
metal contamination. Echinoderms are accepted worldwide 
as excellent ecotoxicological and genotoxicological models 
since they are directly exposed to emerging anthropogenic 
contaminants for both in their plankton and benthic stage in 
their life cycles (Falugi et al., 2012). Moreover, echinoderms 
are valuable indicators of heavy metal contamination as they 
accumulate it as a function of the level of contamination in 
the environment (Coteur et al., 2003). Although echinoderms 
are considered to be bioaccumulators of heavy metals, the 
process by which heavy metals are accumulated in 
organisms is considered to be species-dependent thus, we 
may find a variety of organism having different levels of 
heavy metals (Jakimska et al., 2011a).Sea stars are 
considered to be good detectors of contamination due to their 
position in the food chain serving as either primary consumer 
or secondary consumer. In one study, bioaccumulation of Cd 
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and Pb is dependent on the levels of concentrations of these 
metals in the environment A. rubens (Temara, Warnau, 
Jangoux, et al., 1997). This sea star is capable of 
translocating heavy metals to different compartments of the 
body and that the rate of bioaccumulation depends on the 
body compartment (Temara, Warnau, Duboisa, et al., 1997).  

Understanding the heavy metal concentration in the sea 
star could help people understand the degree of 
contamination of marine ecosystems since they are known to 
be bioaccumulators of heavy metals. In the Philippines, no 
study has been conducted yet specifically on the heavy metal 
content of L. laevigata and A. planci and even other sea star 
species. Existing current studies are on their ecology 
(Llacuna et al., 2016; Walag, Layaog, et al., 2018; Walag & 
Canencia, 2016), biochemical composition (Walag & Del 
Rosario, 2018), antimicrobial and cytotoxicity (Layson et al., 
2014), metabolite screening (Walag et al., 2019), and 
antioxidant activity (Walag & Del Rosario, 2020). In the 
Environmental Management Bureau (EMB) report, 63 
bodies of water have been monitored for metal 
contamination in Mindanao Island of the Philippines (Walag, 
Canencia, et al., 2018). It is for this reason that this study 
aimed to determine the metal content of L. laevigata and A. 
planci, collected from Carmen, Agusan del Norte, in terms 
of lead, cadmium, chromium, zinc, and copper. 

  
 
MATERIALS AND METHODS 
 
Study Area 
 
The animal materials required for this study was collected 
from the intertidal zone up to shallow waters (0-5m) of 
Barangay Goso-on, Carmen, Agusan del Norte, Philippines. 
The map of the collection site is shown in Figure 1. The 
Municipality of Carmen is located in the province of Agusan 
del Norte of Caraga Region or Region XIII. It is strategically 
located along the Western Agusan Corregidor, surrounded 
by the Butuan Bay in the north, Buenavista in the south, 
Nasipit in the east, and Misamis Oriental in the west. 

Several mining industries were also noted to be present 
in Agusan del Norte. Their respective locations and distance 
from the sampling area is shown in Figure 12. According to 
the unpublished report from the Mines and Geosciences 
Bureau of the Department of Environment and Natural 
Resources in 2017, there are 5 mining industries with 
Mineral Production Sharing Agreement (MPSA) while the 
other 5 mining industries are with Exploration Permit (EP) 
in the province of Agusan del Norte. Out of the 5 mining 
industries, there are 2 that are considered to be in active 
operation in Agusan del Norte. These are SR Metals Inc. and 
Agata Mining Ventures Inc. shown in Figure 2. SR Metals 
Inc. is known to operate on nickel, cobalt, iron, and other 
associated mineral deposits and has an expiration date of 
March 10, 2033 for commercial operation while December 
23, 2034 for exploration on nickel and other associated 

mineral deposits. Agata Mining Ventures Inc. operates on 
copper and gold and possesses and MPSA with an expiration 
date of May 26, 2024, approving a development plan 
covering a 600-hectare portion of land. SR Metals Inc is 91 
kilometers away from the sampling area while Agata Mining 
Ventures Inc. is 112 kilometers away. 

 
Figure 1. Geographic location of the collection site in Barangay 
Gosoon, Carmen (C), with respect to the Philippines (A) and 
Agusan del Norte (B). 
 

 
Figure 2. Mining industries in Agusan del Norte surrounding the 
Butuan Bay relative to the sampling site. 
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Identification and Preparation of Sea Star Specimens 
 
Field reconnaissance was conducted to evaluate the presence 
and abundance of marine sea stars selected for this study. 
The procedures for the collection and identification of 
specimens were based on the work of Walag et al. (2019). 
Gratuitous Permit (GP-2019-01) was also acquired from the 
Bureau of Fisheries and Aquatic Resources – Caraga Region 
before sampling and reconnaissance. 

Fresh samples were collected during the lowest low tide 
of April 2019 from the intertidal zone up to shallow (3-
5meters deep) parts of the marine environment in Barangays 
Goso-on and Vinapor, Carmen, Agusan del Norte. Mature 
(>5inches across) sea stars that were collected were washed 
and then placed in a styrobox with ice and marine water for 
preservation. All collected samples were brought to Cagayan 
de Oro City for storage and further sample processing.  
 
 
Heavy Metal Content Determination 
 
The heavy metals present in the samples were analyzed using 
AAS spectrophotometric method (Besagas et al., 2015). 
Briefly, the solid samples were subjected to dry ashing in the 
furnace at 600ºC, and about 0.5 grams were extracted from 
microwave digestion (Sineo Microwave Digestion). This 
was digested with 8.0 mL of the concentrated HNO3 for pre-
treatment in 20 minutes. It was further digested with 
concentrated HNO3 and 30% H2O2. It was then filtered when 
already cooled using a Whatman no. 42 filter paper and was 
diluted to 100 mL with deionized water. The concentrations 
of lead, cadmium, and chromium were determined using a 
PerkinElmer AAnalyst 200 atomic absorption 
spectrophotometer with acetylene gas as fuel. 
 
 
Statistical Analyses 
 
All tests were performed in triplicates. Ten individuals for 
both species served as the crude sample. The data on the 
concentration of heavy metals were analyzed using an 
independent t-test. All quantitative data were presented as 
mean ± standard deviation, and the differences were 
considered at 0.05 level of significance. 
 
 

RESULTS AND DISCUSSION 
 
Lead 
 
The presence of heavy metals in the body of sea stars is not 
unusual nor surprising since echinoderms have been 
accepted globally as indicators since they accumulate metals 
as a function of the level of contamination in the 
environment (Coteur et al., 2003). Higher levels of Pb 
present in the sea star samples was found in this study 
compared to the study on A. rubens (Coteur et al., 2003; 
Danis et al., 2004, 2006), where < 2ppm of total lead for both 
pyloric caeca and body wall were found in various sampling 
regions. In addition, high levels of lead in sea stars are not 
surprising since, in a certain study, Pb was found to 
bioconcentrate most on A. rubens (Fedyunin et al., 2019). 
Although sea stars are known to be bioaccumulators of 
heavy metals, the process in which heavy metals are 
accumulated in organisms is considered to be species-
dependent since they possess relatively different 
biochemical processes (Jitar et al., 2015).  

This could also signify that higher levels of lead can be 
found in the environment where the sea stars were collected 
compared to the sampling area of the different literatures 
mentioned. Butuan Bay is considered to be the final 
destination of various water bodies in Agusan del Norte, 
where several active and inactive mining sites are found. 
Moreover, various studies have also determined high levels 
of lead in the different water bodies that feed the Butuan Bay 
(Cabuga et al., 2017). 

A higher concentration of Pb was noted in the A. planci 
compared to L. Laevigata, as shown in Table 1. Differences 
in Pb concentration in the two species is expected since the 
process by which heavy metals are accumulated in 
organisms is considered to be species-dependent thus we 
may find a variety of organism having different levels of 
heavy metals (Jakimska et al., 2011a). Moreover, the 
difference in heavy metal content could also be due to the 
difference in the diet of the two sea stars. A. planci is known 
to be a prolific corallivore, which means that they feed 
mainly on corals. At the same time, L. laevigata is an 
opportunistic predator and scavenger, feeding on marine 
worms, algae, and other detritus. This could be the reason 
why A. planci is recorded to have higher Pb content since 
some species of corals are accumulators of Pb (Tanaka et al., 
2013). Lead in sea stars has been efficiently

Table 1. The metal content of two sea star species collected from Carmen, Agusan del Norte 
 

Species Metals (ppm) 
Pb Cd Cr Zn Cu 

L. laevigata 24.00 ± 5.49 17.08 ± 0.54 13.23 ± 2.74 4.09 ± 2.98 21.44 ± 0.46 
A. planci 40.38 ± 5.90 4.53 ± 0.14 9.46 ± 1.99 6.79 ± 1.17 21.95 ± 0.56 
p-value 0.024* 0.000* 0.126NS 0.218NS 0.286NS 

*Significant at 0.05 level, NSNot significant 
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incorporated in calcitic skeletons (Temara et al., 1998). This 
could be one of the reasons for the differences in the Pb 
content of the two sea stars. As reported, A. planci has more 
ash content (mineral content) compared to L. laevigata, thus 
could be the reason for the higher Pb content of A. planci 
than L. laevigata (Walag & Del Rosario, 2018). 
 
 
Cadmium 
 
The presence of Cd is expected since literature noted the 
presence of this metal in various parts of the sea star A. 
rubens (Coteur et al., 2003; Danis et al., 2004, 2006). This 
means that sea stars are capable of accumulating cadmium in 
the different parts of their body. Similar results were also 
noted in the literature mentioned that Cd was the second 
highest in terms of dry weight concentration. The Cd 
concentration also seemed to be higher compared to A. 
rubens pyloric caeca, ranging from 1.0 to 3.0 ppm (den 
Besten et al., 2001) especially to L. laevigata even if the 
values will be multiplied to a factor of 2.5 (since the whole 
body was considered in this study and not pyloric caeca 
alone) as suggested in the literature (den Besten et al., 1991) 
but comparable to A. planci. Although the difference in Cd 
content may be associated with the sea star’s ability to 
accumulate metals, literature suggested that this could be 
simply due to seasonal variation which influences 
gametogenesis and accumulation of metals and lipophilic 
contaminants (den Besten et al., 2001). The gametogenesis 
of sea stars often starts in August/September and peaking in 
April (den Besten et al., 2001). During this stage, metals and 
lipophilic contaminants tend to increase in the pyloric caeca 
as part of this reproductive cycle, as suggested in the 
literature (den Besten et al., 1990). The sea star samples of 
this study were collected in April 2019, which could be the 
reason for the high levels of Cd. 

A higher concentration of Cd was noted in L. Laevigata 
compared to A. planci, as shown in Table 1. Differences in 
Cd concentration in the two species is expected since the 
process by which heavy metals are accumulated in 
organisms is considered to be species-dependent thus we 
may find a variety of organism having different levels of 
heavy metals (Jakimska et al., 2011a, 2011b). Moreover, the 
difference in heavy metal content could also be attributed to 
the difference in the diet of the two sea stars. As mentioned 
earlier, L. laevigata feeds on algae which are known to 
bioaccumulate Cd (Kola & Wilkinson, 2005; Maeda et al., 
1990) while A. planci feeds on corals which slowly absorbs 
Cd (Chan et al., 2012). 
 
Chromium 
 
The presence of Cr in sea stars is difficult to corroborate due 
to the very limited literature detailing how it is accumulated 
and sourced by them. However, several pieces of literature 
exist on other marine invertebrates and sea stars from polar 

regions. The concentration of Cr for the two sea stars ranges 
from 7.157 to 15.70 ppm, which is comparable to Cr in 
various invertebrates collected from Admiralty Bay 
(Trevizani et al., 2016) and Terra Nova Bay (Grotti et al., 
2008). The results of this study do not conform to the Cr 
content of N. armata, which ranges from 1.4 to 2.7 ppm 
(Duquesne & Riddle, 2002). The difference could be due to 
the fact that N. armata thrives in Polar Regions while the sea 
stars collected in this present study thrives in tropical to 
temperate regions. The presence of Cr in these species is also 
expected since a study (Cabuga et al., 2017) noted the 
accumulation of Cr in a flathead grey mullet from a nearby 
body of water where the sampling was done. Moreover, 
echinoderms were also noted to accumulate Cr least 
compared to arthropods and mollusks and that this low 
accumulation of Cr may not pose a threat to the organism 
itself but rather towards its predator  (Ju et al., 2016). 

There is no significant difference noted in the Cr content 
for both sea stars. This could be due to the fact that one of 
the reasons for differences in metal content is based on the 
animal's diet. Both corals and algae have been found to 
accumulate Cr (Anu et al., 2007; Dwivedi et al., 2010; Gorbi 
et al., 2001; Ranjbar Jafarabadi et al., 2018), thus both sea 
star species may have sourced Cr from their diet. 
 
 
Zinc 
 
The presence of zinc in sea stars is not surprising since 
literature have reported high zinc content in the sea star A. 
rubens (Brügmann & Lange, 1988; Danis et al., 2006). This 
result indicates that both sea stars are capable of 
accumulating Zn in their body parts. However, compared to 
the mentioned studies, the zinc content in this present study 
is relatively lower. The low content of zinc is also surprising 
since this metal is considered as an essential element that 
accumulates fast (Brügmann & Lange, 1988). This could 
also signify that the Zn content in the sampling area may not 
be that high since metal accumulation is a function of the 
level of contamination in the environment (Coteur et al., 
2003). Low levels of zinc were also noted in the coastal areas 
of Misamis Oriental (Besagas et al., 2015), which is a 
neighboring province of the sampling area. The low level of 
zinc compared to other studies could be due to the observed 
large sizes of the samples. As suggested, zinc content has a 
significant negative correlation with dry weight and 
maximum diameter (Brügmann & Lange, 1988). Samples of 
both species collected for this study had a diameter greater 
than 5 inches. Zn content for both species has been noted to 
be comparable. This is expected since Zn is essential in 
animal diet which possesses important metabolic and neural 
functions. 
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Copper 
 
Copper content found in this present study is relatively 
higher compared to the literature on A. rubens (Brügmann & 
Lange, 1988; Danis et al., 2004). This result is expected since 
high Cu content was found in sediments of Agusan River, 
which empties on Butuan Bay (Cabuga Jr et al., 2016). Also, 
higher Cu content was noted in the arms of A. rubens 
compared to its central disc with a ratio of 1.30 (Brügmann 
& Lange, 1988). This could explain the high content of Cu 
in this study since most of the material used for this study is 
study is the body wall. This could further suggest that Cu is 
mostly deposited in as part of the protein complex and 
calcitic skeletons in the body walls similar to Pb, as 
suggested by Temara et al. (1998). In addition, the high 
concentration of Cu is not surprising since, in a certain study, 
Cu was found to bioconcentrate highly in A. rubens 
(Fedyunin et al., 2019). This implies that Cu accumulation is 
not unusual to sea stars and may further suggest that this 
element could have an important biochemical function in the 
organism. Moreover, Cu is also known to be an essential 
trace mineral in animals which possesses important roles in 
collagen formation, iron absorption, and in energy 
production. 
 
 
CONCLUSION 
 
The metal content of L. laevigata and A. planci collected 
from Carmen, Agusan del Norte, Philippines, was 
determined using the standard AAS spectrophotometric 
method. Metals considered were Pb, Cd, Cr, Zn, and Cu. 
Both species had the highest in terms of Pb and Cu content 
while lowest in Zn for L. laevigata while Cd for A. planci. 
The presence and difference of these metals in the samples 
were believed to be due to their diet, sediment metal 
concentration, and ability to link the metal in protein 
complexes and calcitic skeletons. The high concentration of 
Pb and Cu could mean possible bioaccumulation of these 
metals from the environment, although this was not 
determined in the study. Based on these findings, it is 
recommended that further studies be done in unraveling the 
biochemical process of accumulation of metals in these 
species to deeply understand their biology as indicator 
species.   
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