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ABSTRACT

Heavy metals such as mercury, cadmium, arsenic, chromium, nickel, copper, and lead
occur naturally but become toxic when they accumulate in organisms. This study
quantitatively detects and compares the concentrations of lead (Pb) and cadmium (Cd) in
sediment collected from coastal zones of Barangay Malaubang and Pulot, Panguil Bay,
Ozamiz City, Misamis Occidental, to identify possible anthropogenic sources of
contamination. Using Shimadzu AA-7000 Manual and EPA Method 3050 B for Acid
Digestion of Sediments, Sludges and Soils as reference methods, through the
instrumentation of Flame Atomic Spectroscopy, the concentrations of Pb and Cd from
samples collected in both barangays were determined. Pb was measured to have an average
concentration of 4.06 mg/kg in Brgy. Pulot, and an average of 1.77 mg/kg in Brgy
Malaubang. Cd had a lower concentration in both barangays compared to the reporting
limit, yielding an undetected measurement for both barangays. Using Interim Sediment
Quality Guidelines and NOAA SQuiRT Report, both parameters were identified to have
no biological effect in its surroundings due to their low concentration.

Keywords: Concentration, threshold effect limit, biological effect, contamination level, pollution
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INTRODUCTION

Background of the study

Heavy metals naturally occur in the environment and are vital for survival, but they

may become hazardous when they accumulate in organisms. A few of the most frequent

heavy metals that contaminate the environment include mercury, cadmium, arsenic,

chromium, nickel, copper, and lead. (Mitra et al., 2022). The term "heavy" often carries a

negative connotation due to the perceived toxicity of these metals, which can provoke

public concern and fear. In a 2022 Cleveland Clinic article titled "Heavy Metal Poisoning,"

the authors classified lead (Pb), mercury (Hg), arsenic (Ar), cadmium (Cd), and thallium

as the most common toxic metals. Additionally, HMs enter the human body via ingestion,

inhalation, medication, and skin absorption. This pollution disrupts the aquatic life cycle

and poses a public safety risk to humans (Mofijur et al., 2021).

According to Rasin et al. (2025), cadmium (Cd) is one of the most harmful heavy

metals commonly found in water, air, soil, and sediments. Cadmium (Cd) is a toxic element

that is not required by all living organisms. It presents numerous environmental risks that

might eventually lead to plant ailments and human illnesses. Briseño-Bugarín et al. (2024)

also stated that lead (Pb) is a toxic metal associated with several health disorders. Based

on toxicity and potential for human exposure, lead (Pb) is among the 10 chemicals of public

health concern according to the World Health Organization (WHO) and ranks second on



2

the Agency for Toxic Substances and Disease Registry (ATSDR) Substance Priority List

2022. In seawater, lead (Pb) can build up in sediments and enter the food chain via marine

species, endangering both aquatic life and humans.

According to Zhang et al. (2024), the coastal zone serves as the interface between

land and water and provides vital habitats for both people and wildlife, including threatened

species. However, anthropogenic disturbances have increased due to rising urbanization

and industrialization, resulting in greater release of metal contaminants into coastal

habitats. Metals persist in the environment and accumulate in sediments over time, in

contrast to organic contaminants.

Sediments can be used to assess anthropogenic metal contamination in aquatic

environments because they act as carriers and secondary sources of heavy metals in water.

The distribution of heavy metals can be assessed by the extent of sediment contamination,

potential risk, mobility, and bioavailability (Gopal et al., 2023). Although heavy metals

can be deposited in sediments after being absorbed by suspended materials and amassing

to high concentrations, this retention is not permanent, and the metals may be released if

the surrounding environment changes (Custodio et al., 2020).

An evaluation of heavy metal accumulation in sediments along the shorelines of

Malaubang and Pulot is both relevant and necessary, given recent infrastructure

developments, such as the boulevard in Barangay Malaubang, the growth of stalls and

stores along the shoreline, and the coexistence of residential and commercial zones along

the coast. Although sediment is a major repository of heavy metals and a marker of

persistent environmental pollution, previous studies in this area have rarely examined

sediment contamination. Determining the concentration levels of heavy metals in the
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shoreline sediments are crucial to assessing potential ecological concerns and providing

baseline data for future environmental monitoring and management because sediments can

accumulate toxins from intense anthropogenic activity.

Conceptual Framework

Figure 1 shows the process of collecting sediment samples from Barangays

Malaubang and Pulot using grab sampling, transporting them to the F.A.S.T. Laboratory,

and analyzing them to assess and compare heavy metal concentrations.

Figure 1. Conceptual Framework of Sediment Sampling and Heavy Metal Analysis in
Barangays Malaubang and Pulot

Objectives
The primary objective of this study was to detect and analyze the concentrations of

selected heavy metals in sediments from the coastal zones of Malaubang and Pulot, Ozamiz

City, Misamis Occidental. The study specifically aimed to:

Barangay Malaubang Barangay Pulot

Grab sampling collection

Sample Transport

F.A.S.T Laboratory

Detected heavy metals
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1. Assess the concentrations of specific heavy metals, including Pb and Cd, in

sediment samples taken from coastal zones of Malaubang and Pulot, Ozamis City;

and

2. Compare the concentrations of Pb and Cd among different sampling stations along

Malaubang and Pulot shorelines.

Significance of the Study

This study was significant for assessing environmental safety in aquaculture areas

along the Malaubang and Pulot shores by determining heavy metal concentrations in

coastal sediments. Given the on-going importance of aquaculture to food security and local

economies, assessing sediment contamination levels was fundamental to identifying

potential hazards. The results of this study offered significant insights to various

stakeholders: Public Health and Safety by supplying information on sediment quality in

aquaculture sites, and it also assisted the aquaculture sector, especially fish cage owners

and aquaculture consumers. The Environmental Monitoring and Regulation provides

baseline information on the distribution and concentration of heavy metals in coastal

sediments. Local Government Units (LGUs) and environmental organizations used these

data as a guide to improve coastal pollution monitoring and implement appropriate

management plans. Furthermore, by understanding the accumulation of heavy metals in

sediments and their potential ecological effects, the study contributed to the existing body

of knowledge on marine pollution in Philippine coastal ecosystems, providing a foundation

for further environmental studies and evaluations.
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Scope and Delimitation

This study was conducted in the coastal Barangays Malaubang and Pulot of Panguil

Bay, Ozamiz City, Misamis Occidental. As part of the study, sediment samples from

selected sampling points along the shorelines of the two barangays were collected and

analyzed in the laboratory. Due to time and resource constraints, only two sampling sites

were established, and one sediment sample was collected from each site. Proper labeling

of samples was done, and samples were stored and transported to F.A.S.T. Laboratory,

Cagayan de Oro City, Misamis Oriental, for analysis by qualified laboratory personnel

using Flame Atomic Absorption Spectrophotometry (Flame AAS).

The study was limited to the analysis of sediment samples for lead (Pb) and cadmium

(Cd). It did not include other potentially hazardous heavy metals, nor did it include heavy

metal concentrations in seawater, aquatic organisms, shellfish, or fish. Furthermore, the

study only examined lead (Pb) and cadmium (Cd) content levels and compared them across

sample locations. The sources of contamination, seasonal variations, heavy metal diversity,

bioavailability, and ecological risk assessment and the direct impacts of heavy metals on

aquatic life and human health were not assessed. As a result, the findings were limited to

providing basic information on the concentrations of Pb and Cd in the shoreline sediments

of the selected coastal regions during the sampling period.
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MATERIALS AND METHODS

Research Design

This study employed a quantitative-descriptive research design to determine the

numerical concentrations of lead (Pb) and cadmium (Cd) in sediments, compare them

across two sampling stations, and perform statistical analysis. Sediment samples were

submitted to the F.A.S.T Laboratory in Cagayan de Oro City, Misamis Oriental, where

they underwent analysis using EPA Method 3050B for acid digestion and Flame Atomic

Absorption Spectrophotometry (Flame AAS) for heavy metal determination.

The analytical process included digesting sediment samples to extract specific

metals, followed by quantification using Flame Atomic Absorption Spectroscopy (AAS).

In this method, the digested samples were drawn into an air-acetylene flame, where the

metals were atomized and subjected to element-specific wavelengths of light. The

concentration of each metal was calculated by assessing the amount of light absorbed by

the free atoms. This standardized methodology yielded accurate, precise, and dependable

measurements of lead and cadmium levels in the collected sediment samples.

Research Setting

This study was conducted in the coastal zones of Barangay Malaubang and

Barangay Pulot, Panguil Bay, Ozamiz City, Misamis Occidental, Mindanao, Philippines,

7200. To assess anthropogenic impacts, the distance of each sampling site to the nearest

residential area was measured.
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Figure 2 shows the sampling sites in Barangay Pulot and Barangay Malaubang.

Barangay Pulot is located approximately 64 meters from the residential area. The

surroundings are densely populated with houses and show improper waste disposal. Pig

pens are located near the site, and wastewater from cleaning, washing, and household

activities is discharged directly into the sampling area. The site is also close to a port,

indicating a high potential for pollution from human activities.

In contrast, Barangay Malaubang is located approximately 13 meters from the

residential area and is strongly affected by urbanization. The construction of roads and

seawalls, together with improper industrial waste disposal, has altered the natural

ecosystem. The area is also commonly used as a passageway by residents, leading to the

accumulation of garbage and solid waste due to poor waste disposal practices. Sediment

samples from both Barangay Pulot and Barangay Malaubang were collected during the

wet season.

Figure 2. Map of the collection site
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Sediment Collection

Formal permission from the local government was first obtained before collecting

sediment samples along the shorelines. This study collected sediment samples from the

coastal zones of Barangays Malaubang and Pulot, Panguil Bay, Ozamis City, to determine

the concentrations of specific heavy metals in the sediment. Sediments were collected

using the grab sampling technique. To ensure the accuracy of the findings, two sampling

sites were established, and duplicate sediment samples were collected from each barangay.

Grab sampling, according to the Central Pollution Control Board (CPCB, 2021), is taking

a single sample at a given time and place. For collecting representative sand samples from

coastal regions for heavy metal analysis, this technique is suitable.

Samples were collected using a ziplock bag, which was thoroughly cleaned before

used. Before sampling, each bag was rinsed several times with site water to reduce

contamination. As specified in Standard Method 3030A (APHA, AWWA, & WEF, 2017),

flexible containers used for sampling had to be free of any contaminants, and contact with

rubber, metal-based paints, cigarette smoke, paper tissues, and other metal objects should

be avoided to prevent contamination.

Figure 3 shows the collected sediment sample from the selected site, contained in

a ziplock bag that has been rinsed several times with site water to reduce contamination.

Figures 4 and 5 present grab sampling at selected sites in Barangay Pulot and Barangay

Malaubang, respectively. The sediment samples were analyzed by the F.A.S.T

Laboratories using the EPA method 3050B for acid digestion and Flame Atomic

Absorption Spectrophotometry (Flame AAS) for heavy metal determination.
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Figure 3. Ziplock containing sediment samples

Figure 4. Grab Sample Collection in Barangay Pulot
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Figure 5. Grab Sample Collection in Barangay Malaubang

Data Analysis

The data collected from the two sampling locations were analyzed using descriptive

statistics. Three replicate measurements were obtained at each sampling site, and the

arithmetic mean was calculated to determine the average concentration of the parameter

under study. The mean served as the representative value for each location, summarizing

the observed measurements.

To obtain a single value for each sampling location, the three replicate

measurements were averaged. This method helped reduce the effect of minor variations

among individual measurements and provided a more reliable estimate of the parameter

concentration at each site.

The computed mean values were then compared with the applicable reference

value or regulatory guideline. This comparison was used to determine whether the
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measured concentrations were within acceptable limits, exceeded the established threshold,

or fell below the benchmark value. Using this approach, the compliance level of each

sampling location with the selected environmental quality standard was assessed.

Given the limited number of observations and the study's objective of evaluating

compliance with a reference standard, no inferential statistical tests were performed.

Instead, the analysis focused on describing the observed values and interpreting the mean

concentrations in relation to the established benchmark criterion.

Ethical Consideration

This study adhered to environmental and ethical standards to avoid needless harm.

To minimize the environmental impact, only the necessary numbers of sediment samples

were collected. All laboratory work was conducted in accordance with biosafety

guidelines. The findings were reported honestly, without falsification or manipulation.

Sources were appropriately acknowledged, and the findings were utilized solely for

academic and scientific purposes. Necessary approvals from the local authority were

obtained before proceeding with sample collection.
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RESULTS AND DISCUSSIONS

Assessment of Lead (Pb) and Cadmium (Cd) Concentrations in Coastal Zones of
Barangay Malaubang and Pulot, Ozamis City

Table 1 shows the raw data of the analysed sediment samples collected from

Panguil Bay, Barangay Pulot, Ozamis City. The table presents a comparison of measured

values for the detection of Pb and Cd across three (3) trials or replicates.

Table 1. Concentrations of Pb and Cd in sediment samples taken from coastal zones of
Barangay Pulot, Panguil Bay, Ozamiz City

Parameters Trial 1 Trial 2 Trial 3 Average
Interim Sediment
Quality Guidelines

(ISGQ)
Pb 4.09 mg/kg 3.99 mg/kg 4.09 mg/kg 4.06 mg.kg 30.2 mg/kg

Cd Not Detected Not Detected Not Detected Not Detected 0.7 mg/kg
Note: Reporting Limit or Cadmium is 0.1 mg/kg; Lead (Pb); Cadmium (Cd)

The data demonstrate strong consistency across both parameters; cadmium (Cd)

remained undetected in all trials, while lead (Pb) showed precise and reproducible

measurements, yielding an average concentration of 4.06 mg/kg. The undetected

measurement of Cd in the samples collected from the indicated sampling site is implied

either due to its very low concentration or the total absence of inorganic matter. The

indicated reporting limit for the parameter is 0.1 mg/kg. Due to its undetected

concentration, the instrument used for this parameter was unable to provide a concentration

value, yielding a not detected result.

On a benchmark published in the Interim Sediment Quality Guidelines of the

Canadian Council of Ministers of the Environment, values below the ISGQ are least likely

to affect the biological activity of the environment. Based on the measured values of both
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parameters, the inorganic matter is below ISGQ values, with its concentration within a

tolerable range and no expected minimal or adverse effects on biological activities.

Additionally, the Screening Quick Reference Tables (SQuiRT) developed by the

National Oceanic and Atmospheric Administration (NOAA, 1999) establish threshold

values with corresponding ecological interpretations. Based on this benchmark, the

measured Pb concentration is well below the Threshold Effect Level (TEL) of 30,240 ppb

(30.24 mg/kg), indicating that Pb in the sampled area is within a range not expected to

cause biological harm.

Table 2 presents the raw analytical data of sediment samples collected from Panguil

Bay in Barangay Malaubang, Ozamiz City. It also compares the detected values of lead

(Pb) and cadmium (Cd), based on three (3) trials or replicates conducted for each

parameter.

Table 2. Concentration of Pb and Cd in sediment samples taken from coastal zones of
Barangay Malaubang, Panguil Bay, Ozamis City

Parameters Trial 1 Trial 2 Trial 3 Average
Interim Sediment
Quality Guidelines

(ISGQ)
Pb 1.82 mg/kg 1.78 mg/kg 1.70 mg/kg 1.77 mg/kg 30.2 mg/kg
Cd Not Detected Not Detected Not Detected Not Detected 0.7 mg/kg

Note: Reporting Limit of Cadmium is 0.1 mg/kg; Lead (Pb); Cadmium (Cd)

Similarly, Cd has a TEL of 676 ppb (0.676 mg/kg) under the SQuiRT guidelines.

Given that Cd was not detected in the samples, its concentration is below levels associated

with potential biological effects. Overall, both parameters fall within safe limits,

reinforcing the conclusion that the sediment quality in the studied area poses minimal

ecological risk.

The results indicate consistent findings for both parameters: cadmium (Cd) was not
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detected, and lead (Pb) had an average concentration of 1.77 mg/kg. The undetected Cd

levels are reported as such either because they are very low or because they are absent at

the sampling location, as the instrument used for measurement fails to detect them. Similar

to the previous sampling location, the relatively low levels observed in the samples from

this barangay suggest that they are classified as having no adverse effects on biological

resources and are not expected to pose significant harm. Deposition of inorganic matter

can be driven by various factors, including rock erosion, river water runoff, anthropogenic

activities, storm water runoff, and accidental spills (Marine and Estuarine Protection and

Restoration Strategies, n.d.). Despite these factors and exposure to anthropogenic

activities, both sampling locations still had Pb and Cd concentrations at low levels, with

concentrations too low to be considered harmful. The number of inorganic contaminants

found in coastal sediments can appear lower than expected because natural processes

constantly "mix and spread out" these materials. When rivers, shoreline erosion, and

coastal currents bring in large amounts of relatively clean sediments, they can dilute the

concentration of heavy metals and other inorganic pollutants already present. In areas with

sandy sediments or high rates of sediment deposition, these contaminants become

distributed across a much larger volume of material. As a result, even if pollution continues

to enter the system from human activities, the measured concentrations may still seem low

because the pollutants are not concentrated in one place but are instead widely dispersed

within the sediment matrix (Hu et al., 2021).

The Philippines currently lacks the official, legally adopted sediment quality

standards. However, the Environment Management Bureau (EMB) is developing an

Interim Sediment Quality Guidelines for Metals in Freshwater, intended to support existing
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regulations and help improve the overall assessment of both freshwater and marine

environments. Although this initiative aims to provide evidence-based reference values, it

still relies heavily on internationally recognized standards, particularly those from the

National Oceanic and Atmospheric Administration (NOAA), when evaluating sediment

quality. Despite its out-of-date publication, NOAA data are still used as a reference in

some articles, particularly in the study by Pleto, J., Migo, V., & Arboleda, M. (2020), as

standard values for comparison with the data collected in the study.

Comparative Analysis of Lead (Pb) and Cadmium (Cd) Concentrations across
Sampling Stations in Barangay Malaubang and Pulot

Table 3 shows the comparison between the collected sediment data and the

reference values established by the National Oceanic and Atmospheric Administration

(NOAA) in 1999. NOAA-SQuiRT values are intended only as screening-level benchmarks

and should not be considered as legal limits or official threshold values.

According to NOAA, the Threshold Effect Limit represents the concentration

below which adverse biological effects are not observed, and the values of inorganic

substances, such as heavy metals, measured in collected sediments are expected to cause

no biological effects in their surroundings.

This criterion was used as a reference for interpreting the datasets across

parameters, as the measured concentrations of the target heavy metals at all sampling sites

remained low and did not exceed the established threshold values. Accordingly, none of

the recorded values met or surpassed the limits defined in the NOAA SQuiRT report,

rendering the application of higher-level designations or alternative criteria unnecessary in

this discussion. Based on these benchmarks, the concentrations of the measured parameters
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across samples from both sampling locations are considered very low.

Table 3. Comparison of average concentrations of Pb and Cd at different sampling locations
and the TEL Value from NOAA-SQuiRT Report
Parameters Brgy. Pulot Brgy. Malaubang Threshold Effect Limit

Pb 4.06 mg/kg 1.77 mg/kg 30.24 mg/kg
Cd Not Detected Not Detected 0.7 mg/kg

Note: Reporting Limit of Cadmium is 0.1 mg/kg; Lead (Pb); Cadmium (Cd)

The deposition and accumulation of inorganic matter, such as trace metals, in

coastal sediments are not governed by a single factor but rather result from the interaction

among sediment characteristics, hydrodynamic processes, and biogeochemical conditions

(Harmesa et al., 2022; Hu et al., 2022; Paul et al., 2024).

In general, sediments with finer particles like clay and silt tend to hold higher

concentrations of metals because their larger surface area and reactive mineral components

allow contaminants to attach and remain stored more easily, compared to sandy or coarse

sediments, where binding capacity is much lower (Hu et al., 2022; Harmesa et al., 2022).

At the same time, coastal environments are constantly shaped by waves, tides, and currents,

which continuously move and resuspend sediments, often preventing long-term buildup of

contaminants and spreading them across wider areas instead of allowing them to

concentrate in one place (Geng et al., 2024; Paul et al., 2024). River inputs and coastal

circulation can also introduce relatively clean sediments into affected zones, which further

reduce observed contaminant levels through natural mixing and dilution processes (Hu et

al., 2022).

In addition, chemical conditions such as oxygen availability, pH, and redox potential

influence whether metals remain stable and trapped within sediments or are released back

into the water column in more mobile forms (Paul et al., 2024). Biological activity by
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benthic organisms, along with human disturbances such as dredging and coastal

development, further enhances sediment mixing and redistribution, adding another layer

of complexity to contaminant accumulation in coastal systems (Geng et al., 2024; Harmesa

et al., 2022). Overall, these interacting physical, chemical, and biological processes

determine whether inorganic contaminants are effectively sequestered in sediments or

remain dispersed and less concentrated in the marine environment.

According to the Philippine Statistics Authority in their 2025 report, Brgy. Malaubang

has a population of 9,421 and is classified as a rural barangay—additionally, Brgy. Pulot

has a population of 4,116 and is classified the same as Brgy. Malaubang. Despite these

factors, the tested concentrations of the determined parameters remained low. According

to the paper published by Fan, Li, Lin, Yang, Chen, Cao, Wang, Zhang, Jiang, and Wan in

2024, tidal movement, river flow, and estuarine mixing may contribute to the dilution,

redistribution, and transport of heavy metals, limiting their accumulation in sediment

samples despite the presence of nearby residential areas and possible anthropogenic inputs.

Considering these factors, the low concentrations of focused heavy metals are explained.

CONCLUSION AND RECOMMENDATION

This study determined the concentrations of lead (Pb) and cadmium (Cd) in
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sediment samples collected from Barangay Pulot and Malaubang in Panguil Bay, Ozamiz

City. The analysis revealed low concentrations of Lead in both sampling sites, while

cadmium was not detected in any of the samples. When compared to the NOAA SQuiRT

Threshold effects (TEL), every observation went below the set threshold levels. These

results indicate that there is no significant Pb or Cd pollution in the sediments from

Barangays Malaubang and Pulot; they are within safe environmental limits and do not

indicate significant contamination.

Continuous monitoring is recommended to ensure that environmental conditions

remain stable and to detect any potential future increase in contamination. With the

growing impact of human activities in aquaculture areas, especially in fish pen systems,

there is a need for further study on sediment conditions. It is recommended to collect

sediment samples from these areas to better understand how feeding practices and other

activities may contribute to heavy metal accumulation. Factors such as feeding intensity,

stocking density, and nearby pollution sources should also be considered, as they may

influence metal accumulation. In addition, identifying possible sources of contamination

and examining how heavy metals affect biological activity in the sediments would provide

deeper insight. Seasonal changes should also be considered to see how they affect the

distribution and concentration of these metals over time.
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