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ABSTRACT 

 

 

Heavy Metals can enter the environment through natural processes and human activities such 
as farming, manufacturing, and waste dumping; they can be toxic even in small amounts. This 

research examines cadmium (Cd) levels in oysters sold on the streets of Tudela, Misamis 

Occidental. Oysters are popular in this area and are often eaten raw, raising health concerns 

about heavy metal contamination. While several studies have examined the bioaccumulation 
of heavy metals, such as cadmium (Cd), in oysters from different regions of the Philippines and 

abroad, there is no scientific research that specifically examines oysters marketed on the streets 

of Tudela for potential heavy metal contamination. Addressing this gap is necessary because 
increased oyster consumption in the area may pose health hazards if oysters are contaminated. 

The study used a quantitative, descriptive research approach; the researchers collected three 

oysters from two species (Crassostrea iredalei and Magallana bilineata) from two street vendors 

in Tudela. A certified laboratory analyzed the oysters to measure cadmium levels. The results 
showed that the overall mean for cadmium concentration in Crassostrea iredalei was 0.0664 

mg/kg, and 0.0819 mg/kg for Magallana bilineata. The results are compared to food safety 

guidelines set by the Bureau of Fisheries and Aquatic Resources (BFAR) and Food and 
Agriculture Organization (FAO), and the values from the analyzed oyster samples were below 

the maximum allowable limit of 0.50 mg/kg, indicating that the oysters were safe for 

consumption. However, continuous and frequent consumption of oysters containing cadmium, 
even at low concentrations, may lead to bioaccumulation in the human body over time and 

potentially cause adverse effects. Therefore, regular monitoring of cadmium levels in oysters 

sold in the area is recommended to ensure consumer safety. 

 
Keywords: Bioaccumulation, Cadmium, Oyster, Atomic Absorption Spectrophotometry 
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INTRODUCTION 

 

Background of the Study 

 

 The growth of the industry has made human life easier due to progressing 

technologies and enormous scientific development. Despite this major contribution, 

this growth posed new challenges for environmental protection and was frequently 

linked to heavy metal accumulation (Rahman et al., 2020). The discharge of harmful 

metallic elements from industrial byproducts has resulted in notable environmental and 

public health risks (Adelaja et al., 2024). 

Heavy metals are sometimes defined as metals with a density at least five times 

that of water. The human body's metabolism depends on key metals such as copper, 

which is necessary for hemoglobin synthesis, and iron, which is necessary for digestion. 

However, excessive concentrations of these metals can harm cells (Bharti et. al., 2022). 

These are dangerous and cause toxic effects even at low concentrations, since they 

cannot be removed from the environment (Malik et al., 2006). Heavy metals such as 

cadmium are toxic, pollute aquatic environments, and bioaccumulate in living 

organisms (Shaari et al., 2016). 

According to Zaynab et al. (2022), the increasing concentration of heavy metals 

is a major global concern. It causes physiological, histological, and metabolic changes 

in marine species by altering their enzymes and various metabolites. This causes a 

serious threat to public health because consumption of these species is a source of stress 
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in the cell and contributes to the development of diverse human pathologies, including 

cancer.  

Cadmium is found in water and the terrestrial environment. Consumption of 

cadmium-contaminated food poses a health hazard and may lead to serious health 

problems, even when the amount present is minimal. Human exposures to cadmium 

can come from fossil fuels, the manufacturing of iron and steel, cement, the 

manufacture of nonferrous metals, the burning of trash, fertilizers, smoking, etc. 

(Sharma et al., 2015). With a lifespan of 10 to 35 years, cadmium can accumulate in 

the kidneys, lungs, and liver and interfere with normal bodily functions (World Health 

Organization, 2008).  

Heavy metals, being toxic, non-degradable, and persistent, can accumulate in 

marine organisms through the food chain and pollute seawater and sediments (Shenai-

Tirodkar et al., 2016). Accordingly, it is well known that bivalve organisms can survive 

in the intertidal zone, despite being exposed to large volumes of sediment, frequent dry 

spells, and fluctuations in salinity and temperature (Silva et al., 2005). In this vein, it is 

suggested that bivalves and other marine organisms that thrive in the intertidal zone are 

more likely to experience heavy metal exposure and accumulation. 

Oysters are filter-feeding bivalves that are common in marine environments. 

Because of their ability to accumulate heavy metals, these creatures are frequently used 

as bioindicators to monitor heavy metal levels in marine environments. In addition, 

because this bivalve is frequently eaten raw, it may carry harmful substances that 

humans could absorb (Liu et al., 2021). In the Philippines, the most significant 

cultivated bivalves that provide Filipino homes with high-quality protein and nutrients 
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are oysters and mussels (FAO, 2016). In Northern Mindanao, oyster farming is a major 

source of income for the local community and economy. Some oysters are sold in local 

markets, while others are sold on the streets, just like in Tudela, Misamis Occidental.  

Oysters contaminated with heavy metals pose a health risk to consumers; 

therefore, information on heavy metal presence in bivalves is necessary. There is a 

growing number of oyster vendors along the streets of Tudela, Misamis Occidental, 

indicating strong local demand for this delicacy. However, there is no research that 

specifically examines oysters marketed on the streets of Tudela for potential heavy 

metal contamination. Addressing this gap is necessary because increased oyster 

consumption in the area may pose health hazards if oysters are contaminated. 

 

Objectives of the Study 

This study aimed to determine cadmium (Cd) levels in oysters sold in Tudela, 

Misamis Occidental, and to evaluate their potential health risks to consumers. 

Specifically, this study aimed to: 

1. Analyze the concentrations of Cadmium (Cd) in oyster tissues sold in Tudela: 

a. Crassostrea iredalei 

b. Magallana bilineata 

2. Compare the measured levels of Cadmium (Cd) against the food safety 

 standards set by the Bureau of Fisheries and Aquatic Resources Rules 

 and Regulations. 
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Significance of the Study 

This study investigated the bioaccumulation of cadmium (Cd) in oysters sold in 

the streets of Tudela, Misamis Occidental. Considering the persistence, non-

degradability, and toxicity of these heavy metals, this investigation contributed to 

understanding the potential health risks associated with consuming oysters 

contaminated with Cd. By determining the extent of heavy metal accumulation, this 

study provides baseline information and valuable data on seafood safety and public 

health protection, particularly for communities that rely on oysters as a regular source 

of nutrition. Furthermore, this research emphasized the importance of food safety 

monitoring and supported policies and regulations that ensured consumer protection 

from heavy metal contamination. The findings were expected to benefit not only 

consumers but also local oyster vendors. For consumers, this study raised awareness of 

potential hazards; for farmers and local sellers, it provided information that could guide 

safer aquaculture practices. 

 

Scope and Delimitation  

The study primarily focused on the evaluation of heavy metals (Pb) in the 

Philippine oyster, Crassostrea iredalei (slipper oyster), and Magallana bilineata. The 

researchers used these species because they were among the most popular and widely 

marketed oysters in the Philippines, particularly in local markets and roadside stalls 

like those in Tudela. This research was conducted in Nailon, Tudela, due to the 

emerging oyster vendors along its streets. Likewise, the research focused on only one 

place, Nailon, Tudela, Misamis Occidental. It cannot present the case of oysters in other 
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locations of Misamis Occidental or in the Philippines in general. Despite these 

limitations, the research offers useful data on the safety of oysters sold in Nailon, 

Tudela, and underscores the need for monitoring heavy metals in commonly consumed 

shellfish. 
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MATERIALS AND METHODS 

 

 

Research Design  

A quantitative and descriptive research design was utilized for this study, as it 

would permit objective measurement and systematic description of Cadmium (Cd) 

levels in oysters marketed in Tudela, Misamis Occidental. The quantitative approach 

provided accurate numerical calculation of heavy metal levels, which was crucial for 

comparing the findings with established food safety standards. In contrast, the 

descriptive element provides a vivid picture of the current level of contamination 

without altering any variables, thereby making it best suited for this observational 

study. By measuring and describing the bioaccumulation of these metals, the study 

evaluated potential consumer health hazards, thereby facilitating informed decision-

making in public health and food safety.  

 

Research Setting  

This study took place in the streets of Nailon, Tudela, Misamis Occidental, at 

coordinates 8°13'45.7"N 123°50'59.5"E, where there was an overwhelming increase in 

oyster vendors, indicating strong local demand for this delicacy (Figure 1). It was also 

where the Philippine Oyster (Crassostrea iradelei) and Magallan bilineata were 

collected. The testing for cadmium was conducted in F. A. S. T. Laboratory at Cagayan 

De Oro City. The chosen laboratory featured sterile workstations and instruments, 

ensuring precise, controlled testing. 
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Figure 1. Location of the selected oyster vendors along the streets of Nailon, 

Tudela ,Misamis Occidental. 

 

 

Data Gathering Procedure   

Oyster Sample Collection 

    A total of twelve (12) oyster samples were collected from oysters sold by two 

different vendors in the streets of Nailon, Tudela, and the researchers collected 3 kg per 

oyster species from each street vendor. The oyster species obtained were Crassostrea 

iredalei (slipper oyster) and Magallana bilineata (cupped oyster), which were among 

the most commonly traded oysters in the area, based on the results of the Species 

Identification conducted by the researcher with the assistance of the Bureau of Fisheries 

and Aquatic Resources (BFAR). All the samples were placed in sterile plastic jars, 

properly labeled, and transported in a cooler with ice packs to maintain their quality 

and prevent deterioration. A total of twelve (12) oyster samples were collected, 

consisting of three samples of Crassostrea iredalei and three samples of Magallana 

bilineata, each from the two vendors. Prior to heavy metal analysis, the collected 

samples were randomized and consolidated into three samples per species, with 100 g 

per container to provide a more general assessment of cadmium contamination in 



8 

 

oysters from the study area. This approach was employed to represent the overall 

heavy-metal burden of the collected oysters rather than variations attributable to 

individual vendors, thereby providing a broader evaluation of cadmium presence in the 

sampled oyster population. 

Preparation for Heavy Metal Testing 

 Upon arrival at the laboratory, the oyster shells were opened with sterile tools, 

rinsed with sterile water, and placed in an ice pack for preservation until further testing. 

These procedures were performed to preserve sample integrity and minimize potential 

contamination before heavy metal determination. The prepared samples were then sent 

to the F.A.S.T. Laboratory in Cagayan de Oro City for heavy metal testing for 

Cadmium (Cd). Heavy metal determination was conducted using Atomic Absorption 

Spectroscopy, following the analytical principles described in the Official Methods of 

Analysis of AOAC International, 21st Edition (2019) and the operational guidelines 

specified in the Shimadzu AA-7000 Atomic Absorption Spectrophotometer Manual 

(Latimer et al., 2023). Atomic Absorption Spectroscopy is a widely accepted analytical 

technique for determining trace metal concentrations in biological and environmental 

samples. The method is based on the absorption of element-specific electromagnetic 

radiation by free atoms in the gaseous state, with the amount absorbed directly 

proportional to the concentration of the target analyte in the sample. Prior to 

instrumental analysis, the oyster tissue underwent laboratory preparation and treatment 

in accordance with the referenced AOAC methodology to ensure that cadmium present 

within the sample matrix was converted into a measurable form suitable for atomic 

absorption determination. Quantification was achieved through calibration against 
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appropriate analytical standards, and the resulting absorbance values were used to 

determine cadmium concentrations in the oyster samples. Quality assurance 

procedures, including instrument calibration and analytical verification, were 

performed by the testing laboratory in accordance with established laboratory protocols 

and AOAC-referenced procedures. 

 

Data Analysis 

A descriptive analysis was conducted to assess Cadmium (Cd) levels in 

Philippine Oysters (Crassostrea iredalei) and Magallana bilineata from street vendors 

in Tudela, suspected of heavy metal contamination. A motorcab was rented to facilitate 

the collection of oysters from the street vendors. The research team was accompanied 

by a local individual to the designated area to collect the oyster samples. After 

collection, the team returned to Misamis University, Ozamiz City, to pack the samples 

in plastic jars with ice packs to keep them cool but not frozen, in accordance with the 

guidelines provided by the F.A.S.T laboratory, and sent them to Cagayan de Oro City. 

Numerous studies have found that the bivalve hepatopancreas is a key target organ for 

heavy metal accumulation (Kouba et al., 2010). That is why this part of the oyster was 

used for the analysis. A total of 6 samples, each containing 100 g of oyster flesh per 

jar, were sent to the F.A.S.T laboratory in Cagayan de Oro City for heavy metal testing. 

To ensure reliability and accuracy of the results, three (3) biological replicates were 

conducted by the F.A.S.T laboratory for each sample during analysis. 
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Statistical Analysis 

   The concentrations of Cadmium in oyster tissues were determined and 

expressed in milligrams per kilogram (mg/kg) of dry weight (US EPA, 2000). The 

measured concentrations were compared against the food safety limits set by the Food 

and Agriculture Organization (FAO) and Bureau of Fisheries and Aquatic Resources 

(BFAR). Descriptive statistics were used to analyze lead and cadmium concentrations 

and provide a clear summary of the levels of heavy metals present. Through descriptive 

statistical analysis, the study determined cadmium and lead levels and assessed the 

overall quality and safety of the oyster samples. 
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RESULTS AND DISCUSSION 

 

 

 Concentration of Cadmium in Crassostrea iredelai 

 The results in Table 1 showed that the concentration of cadmium was  

<0.50 mg/kg; this indicates that the heavy metal was present but did not exceed the 

accepted amount considered harmful to consumers, based on guidelines from BFAR 

and FAO. With mean values of 0.0663 mg/kg, 0.0682 mg/kg, and 0.0649 mg/kg for 

Samples 1, 2, and 3, respectively, the cadmium amounts found in the oyster samples 

varied from 0.0649 to 0.0682 mg/kg. The results indicate only slight variations among 

the samples, suggesting relatively uniform distribution of cadmium in the oyster 

collected. 

All detected cadmium concentrations were considerably lower than the 

maximum permissible limit of 0.50 mg/kg. Heavy Metals undetectable or in low values 

were most likely to be bound in sediments; therefore, they might not be bioavailable 

(Atkinson et al., 2024). This suggests that even when sediments are heavily 

contaminated, the metals may not be in a bioavailable form that oysters can readily 

absorb (Costa et al., 2024). Research by Grizzle et al. (2001) shows that pre-ingestive 

sorting of oysters reduces the intake of mineral-bound metals, thereby lowering the 

"bioavailable" dose relative to the "total" environmental concentration. 

Heavy metals in aquatic environments may accumulate through both waterborne and 

sediment-associated pathways, with sediments serving as important reservoirs of metal 

contaminants (Redeker et al., 2004). Since oysters are filter-feeding organisms, the 

reduced bioavailability of dissolved Cadmium in the surrounding water may contribute 
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to the lower concentrations detected in the tissues of Crassostrea iredalei.  

Furthermore, environmental factors such as water quality, sediment 

composition, salinity, and anthropogenic activities may influence the degree of heavy 

metal accumulation in marine organisms (Shenai-Tirodkar et al., 2016). The findings 

of this study may indicate that the oyster-harvesting areas were not heavily 

contaminated with Cadmium at the time of sampling. Nevertheless, continuous 

monitoring of heavy metal concentration in oysters remains important, as oysters are 

known bioaccumulators and may reflect changes in environmental pollution over time. 

 Table 1. Cadmium test result for Crassostrea iredalei 

Heavy Metals Unit Trial 1 Trial 2 Trial 3 

Cadmium mg/kg 0.0677 0.0648 0.0663 

Cadmium mg/kg 0.0689 0.0674  

Cadmium mg/kg 0.0641 0.0657  

 

Concentration of Cadmium in Magallana bilineata 

The cadmium (Cd) concentration for Magallana bilineata was less than 0.50 

mg/kg, according to the results shown in Table 2, but it also exhibited the highest heavy 

metal concentration, with recorded values of 0.0822, 0.0812, and 0.0817 mg/kg, 

respectively. According to Chan et al. (2020), Magallana bilineata exhibits active 

filter-feeding behavior, allowing the species to continuously filter large volumes of 

water to obtain food particles such as plankton and organic matter. Because of this 

filtration activity, oysters can also accumulate trace elements and heavy metals present 

in their surrounding environment. Despite being the highest detected concentration 

among the analyzed samples, the value still did not exceed the permissible limits 

established by the Bureau of Fisheries and Aquatic Resources (BFAR) and the Food 

and Agriculture Organization (FAO) for seafood intended for human consumption. The 

cadmium concentration detected in the oyster samples ranged from 0.0808 to 0.0831 

mg/kg, with mean values of 0.0817, 0.0831, and 0.0808 mg/kg for samples 1,2, and 3, 
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respectively. The results indicate minimal variation among the samples, suggesting 

relatively uniform accumulation of cadmium within the oysters collected from the 

sampling site.  

The overall mean for cadmium concentration across all analyzed samples was 

0.0819 mg/kg; the detected cadmium concentration was substantially lower than the 

maximum permissible limit of 0.50 mg/kg established by BFAR and FAO. This 

indicates that the oysters analyzed in the present study remain within the acceptable 

safety standards, and are therefore not considered harmful for human consumption. The 

low levels of cadmium observed in the samples suggest that the oysters were collected 

from an environment with relatively low cadmium contamination and limited exposure 

to significant sources of heavy metal pollution. Factors such as lower dissolved 

cadmium concentrations in seawater, reduced sediment contamination, favorable 

salinity conditions, and limited anthropogenic inputs may have contributed to the low 

cadmium concentrations detected in the analyzed oysters (Lekhi et al., 2008). 

Moreover, seasonal variations and biological factors such as oyster size, growth rate, 

and physiological activity have also been reported to influence cadmium uptake and 

accumulation (Lekhi et al., 2008). 

The findings of the present study therefore suggest that the oysters sold on the 

streets of Nailon, Tudela, Misamis Occidental were relatively free of cadmium 

contamination. Moreover, there are currently no published data on heavy metal 

concentrations in oysters sold on the streets of Nailon, Tudela, Misamis Occidental, 

making this study an important baseline reference for future monitoring and food safety 

assessments in the area. 

 

Table 2. Cadmium test result  for Magallana bilineata 

 

 

Heavy Metals Unit Trial 1 Trial 2 Trial 3 
Cadmium mg/kg 0.0822 0.0812 0.0817 

Cadmium mg/kg 0.0837 0.0825  

Cadmium mg/kg 0.0802 0.0814  
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Comparison of Detected Cadmium Levels with BFAR and FAO Food Safety 

Guidelines  

 

Table 3 presents a comparison of the detected heavy metal concentrations in 

Magallana bilineata and Crassostrea iredalei with the established food safety 

standards set by the Bureau of Fisheries and Aquatic Resources (BFAR) and the Food 

and Agriculture Organization (FAO). The measured concentrations of cadmium (Cd) 

obtained from the analyzed oyster samples were evaluated to determine whether they 

fall within the permissible limits for safe human consumption. Comparing the detected 

heavy metal levels with these regulatory guidelines is essential for assessing the 

potential health risks associated with oyster consumption and determining the overall 

safety and quality of oyster samples collected from Nailon, Tudela, Misamis 

Occidental.  

The overall mean cadmium concentration detected in Crassostrea iredalei was 

0.0664 mg/kg, whereas in Magallana bilineata it was 0.0819 mg/kg. Although 

Magallana bilineata accumulated more cadmium than Crassostrea iredalei, both 

species contained cadmium levels that were substantially lower than the established 

maximum permissible limit of 0.50. This revealed that, although the oyster samples 

contained cadmium, the levels were still below the acceptable safety range and are 

therefore not considered dangerous for human consumption. Furthermore, the 

relatively low cadmium levels may indicate that the oysters were not exposed to 

hazardous waters or sediments in the sample location.  

The higher cadmium level observed in Magallana bilineata may be attributed 

to species-specific differences in filtration rate, feeding behavior, growth 

characteristics, and metal uptake efficiency (Chan et al., 2020). Although these values 

were slightly higher than those found in Crassostrea iredalei, they were still well below 

the BFAR and FAO-established permissible limit of 0.50 mg/kg. This implies that, in 

terms of cadmium contamination, the oyster samples examined in this study were still 

safe to eat. Overall, the findings of the present study demonstrated that both 

Crassostrea iredalei and Magallana bilineata had cadmium concentrations well within 

the established permissible limits. These results indicate that the oysters collected from 
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Nailon, Tudela, Misamis Occidental are relatively safe for human consumption with 

respect to cadmium contamination.  

The low cadmium levels observed may be attributed to favorable environmental 

conditions, low dissolved metal concentrations in the surrounding waters, and the 

absence of major anthropogenic sources of pollution (Lekhi et al., 2008). The findings 

are also consistent with reports from the Food and Agriculture Organization that 

shellfish, such as oysters, harvested from areas with limited industrial and agricultural 

contamination generally exhibit lower levels of heavy-metal contamination and pose 

minimal risks to consumers (FAO, 2003). 

Therefore, the present study provides valuable baseline information on the 

heavy metal status of oysters sold in the streets of Nailon, Tudela, Misamis Occidental, 

and may serve as a reference for future environmental monitoring, seafood quality 

assessments, and public health protection programs.  

 Table 3. Comparison of Cadmium Levels in Crassostrea iredalei and Magallana  

        bilineata  with BFAR and FAO food safety guidelines 

Species Heavy 

Metal  

Trial 1 

(mg/kg) 

Trial 2 

(mg/kg) 

Trial 3 

(mg/kg)  

BFAR  

FAO 210s 2001 
 

Crassostrea 

iredalei 

 
Cadmium  

 
Cadmium 

 

Cadmium        

 
0.0677 

 
0.0689 

 

0.0641 

 
0.0648 

 
0.0674 

 

0.0657 
 
 

 
 0.0663 

 
 

 

 0.50 
 

0.50 

 

0.50 

 

 

Magallana 

bilineata  

 
Cadmium 

 
Cadmium  

 

Cadmium  
 

 
0.0822 

 
0.0837 

 

0.0802 

 
0.0812 

 
0.0825 

 

0.0814 

 
0.0817 

 

0.50 

 

0.50 

 

0.50 
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CONCLUSION AND RECOMMENDATIONS 

 

 

  In conclusion, the current investigation found that both Crassostrea iredalei 

and Magallana bilineata had measurable cadmium (Cd) levels. Cadmium levels in both 

oyster species were consistently within the maximum permissible level of 0.50 mg/kg 

established by the Food and Agriculture Organization (FAO) and the Bureau of 

Fisheries and Aquatic Resources (BFAR), demonstrating adherence to food safety 

regulations.  

Despite having slightly higher Cd readings than those of Crassostrea iredalei, 

Magallana bilineata's results were all below safe consumption limits and posed no 

serious health hazards. The oysters' overall safety is supported by the absence of lead, 

which further suggests little environmental pollution at the harvest site.  

Continuous monitoring of heavy metals, particularly cadmium (Cd) from their 

specific sources and the oysters sold in Nailon, Tudela, Misamis Occidental, is 

recommended to ensure consumer safety and maintain seafood quality. Bivalves, such 

as oysters, are filter-feeding and can accumulate pollutants over time; they can serve as 

bioindicators of maritime pollution, necessitating regular monitoring. Future studies 

should include more oyster samples, additional species, physicochemical properties, 

seasonal assessments, and analyses of other heavy metals for a more comprehensive 

evaluation of oysters. Local health and regulatory authorities are also encouraged to 

strengthen routine inspection and monitoring of seafood products sold in local stalls 

and markets. 
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Finally, this study offers baseline information for upcoming evaluations of food 

safety and the environment in Nailon, Tudela, Misamis Occidental. Policymakers, 

academics, and local health authorities should use these findings to guide the 

implementation of monitoring systems and ensure the ongoing safety of seafood 

products in the province. 
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