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Abstract 
Mangroves are examples of coastal blue carbon ecosystems that play significant roles in the 

environment. This study measured the concentrations of heavy metals (Cd, Cr, Pb, and Cu) using 

profile samples from two different habitats: mangrove and mudflat. The study was conducted on 

Bilu Island in Mon State, Myanmar. Findings from this study demonstrated that the top 20 cm of 

the mangrove sediment profile had higher concentrations of heavy metals compared to the mudflat 

sites. This research suggests that coastal blue carbon ecosystems are effective at retaining trace 

elements, which can help to mitigate the negative effects of heavy metals on marine environments. 

 

Introduction 
 Mangrove forests are tropical or subtropical habitats defined by the presence of plant 

species that have adapted to high temperatures, high levels of organic matter, and high salinity. 

These ecosystems also protect coastlines from the effects of tides and waves, and serve as 

nurseries for many species of birds, fish, and shellfish. They also support a complex community 

of saltwater benthic organisms and provide a significant portion of the fish, shellfish, and 

crustaceans that coastal communities consume or sell (Lee et al., 2014). 

 Globally, mangrove sediments have been shown to have elevated concentrations of heavy 

metals, which often indicates long-term pollution from human activity (Lacerda et al., 1992; 

Perdomo et al., 1998). Due to their toxicity, persistence, and bioaccumulation potential, heavy 

metals are among the most dangerous pollutants in the natural environment (MacFarlane and 

Burchett, 2000). The exceptional ability of mangrove muds to retain contaminants released into 

the near-shore marine environment is a result of their natural physical and chemical 

characteristics (Harbison, 1986). Mangrove sediments are rich in organic matter and sulfides, and 

they are also reduced and anaerobic, which is conducive to the retention of heavy metals in the 

sediment (Silva et al., 1990; Tam and Wong, 2000). The concentrations of heavy metals in 

sediments are typically three to five orders of magnitude higher than those in the surrounding 

water (Zachetoglou et al., 2002). Because of these high concentrations, the bioavailability of 

even a small portion of the total metal content in the sediment is crucial for the bioaccumulation 

of metals in mangrove-dwelling animal and plant species. Heavy metals are not biodegradable, 

so they are taken up and concentrated in plant tissues from the soil, causing long-term harm to 

plants (Defew et al., 2005). 

 Cadmium is a hazardous heavy metal that builds up in living organisms. Workers in the 

electroplating, battery manufacturing, and pigment industries are most at risk for exposure, and 

elevated blood and urine cadmium levels have been reported in these populations. Due to its long 

half-life, cadmium bioaccumulates in aquatic invertebrates, vertebrates, and plants. In addition to 

being found naturally—volcanoes and rock weathering are two processes that mobilize cadmium 

from the earth's crust—anthropogenic activities can also release cadmium into the environment. 

These activities include the disposal of food and agricultural wastes, urban refuse, municipal 

sewage sludge, various organic wastes, and atmospheric fallout (WHO, 2003; Akguc et al., 2008; 

Sabiha-Javied et al., 2009; Osma et al., 2012; Ozyigit et al., 2016). 
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 Because of its widespread industrial use, chromium is a common metal contaminating 

groundwater, soil, and sediments, which presents a severe environmental risk. When Cr builds up 

in plants, it can cause structural alterations and is highly toxic, leading to reduced growth and 

biomass accumulation. Certain plant species can accumulate large amounts of Cr without 

experiencing harm. According to ATSDR (1998), Cr is a naturally occurring element found in 

rocks, soil, vegetation, animals, and volcanic dust and gases. Concentrations in most finfish 

species ranged from 0.1 to 0.6 mg Cr/kg fresh weight (Hall et al., 1978). 

 This research aims to determine the concentrations of specific heavy metals [cadmium 

(Cd), chromium (Cr), copper (Cu), and lead (Pb)] and to compare their concentrations in 

mangrove and mudflat sediments across different sediment depths. 

 

Materials and Methods 
Study Area 

 The present research was conducted at Sepala and Nathmaw in the Mon Coastal Region 

(Figure 1). The sampling sites are located in the estuary where freshwater runs off from the 

Thanlwin River and encounters the semi-diurnal tide. 

Sample Collection 

 The soil samples were collected from the mangrove and mudflat areas of Nathmaw and 

Sepala villages (Bilu Island) in July 2022. The sampling methods will be adopted from the 

methods by Foruquean et al. (2014). The PVC (poly vinyl chloride) pipes with a length of 50 cm 

were used for sampling and labeled with the types of Core ID and locations systematically. 

Triplicate samplings were carried out for each habitat (mudflat or mangrove). After that, the 

collected cores were wrapped with aluminum foil to reduce gaseous exchanges and then carried 

to Marine Science Department at Mawlamyine University. The cores were kept in the ice box 

before sample preparation.  
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    Figure 1. Map showing the location of the study area in Bilu Island and sampling sites. 

SM: Sepala Mangrove Soils, SB: Sepala Mudflat Soils and NB: Sepala Mudflat Soils 
 

Sample preparation 
 The collected PVC cores will be halved lengthwise using an electric saw. The soil 

samples were sectioned at 4 cm intervals with a blade and labelled with specific depth and Core 

ID. The wet samples were weighed using a precise electronic balance. The weighed samples will 

be dried in the oven at 60ºC. This cycle will be repeated until successive weight differences are 

less than 4% (always use the same balance). Typically, this process requires at least 48–72 hours. 

The weights were recorded every 24 hours.  
 

Soil properties and heavy metal analysis 

 The physical properties of the soil samples and soil texture, were determined using the 

hydrometer method (Bouyoucos, 1962). For sediment chemical properties: soil pH and salinity at 

each depth will be determined by using the electrode pH meter (Eutech Instruments pH 700, 

Massachusetts USA) by using the method of Tan (2005) and a refractometer. Five grams of 

oven-dried soil were mixed with 25 mL of distilled water (1:5). 

The heavy metal concentrations were determined using the Atomic Absorption 

Spectrophotometer (AAS) method. To extract the heavy metals from the samples before being 

analyzed in AAS, inorganic acids: hydrochloric acid (HCl) and nitric acid (HNO3) were used. 

The AAS method was used because there are no spectral and ionization interferences.  

The heavy metals analysis was carried out immediately on the consequence digests using 

atomic absorption spectrophotometer (AAS), with the use of prepared standards to determine the 

sample concentrations. To ensure the accuracy of AAS results, three replicates of each sample 

were run to ensure that measured absorbencies were consistent. These metal concentrations were 

calculated from each replicate absorbance value, which was then used to calculate an average 
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sample metal concentration. For mangrove and mudflat samples, four metals were analysed by 

using AAS: Cd, Cr, Cu and Pb. Heavy metal concentrations were expressed by ppm (mg/L) for 

each sample and an average was calculated from the three replicates. 

 
 

Results 
Physical and Chemical Properties in Soils 
 In this study, four cores were taken at Sepala: two from mangrove soils (SM1 and SM2) 

and the other two from mudflat soils (SB1 and SB2). At the other study area, Nathmaw, two 

cores were collected from mudflat soils (NB1 and NB2). The pH values from the study area are 

shown in Figure 2. A comparison of pH values in mangrove and mudflat soils at both sites 

showed that the highest value was 8.8 at a depth of 0-4 cm in mudflat soil at Sepala, while the 

lowest value was 8.09 at a depth of 0-4 cm at Nathmaw. Thus, the pH value at Sepala was 

consistently higher than that at Nathmaw (Figure 2). 

 
Figure 2. The comparison of pH at different depths of Sepala and Nathmaw in the soils  

 

Heavy Metals Accumulation in Mangrove and Mudflat Soils 

In this study, six cores were taken from Sepala and Nathmaw which are 2 cores from mangrove 

soils (SM1 and SM2) and the other 4 cores from mudflat soils (SB1, SB2, NB1 and NB2). Some 

heavy metals (Cd, Cr, Cu and Pb) concentrations were shown in Figure 4.2a-d. When Cd was 

taken into consideration at Sepala, the maximum value was found (0.025 mg/L) at 8-12 cm depth 

of mangrove soil and the minimum content was found (0.012 mg/L) at 4-8 cm depth in mudflat 

soil. The concentrations of Cd at 0-4 cm and 12-20 cm were nearly the same. The concentration 

of Cd is decreased more at the surface than near the deeper part of the surface. For the surface 

layer, Cd content in each point of the mangrove soils was found to be higher than that of the 

mudflat soils. When Cd was considered at Nathmaw, the maximum content was found at the 

depth (0.041 mg/L) in the surface layer of 0-4 cm at mudflat soil and the minimum value is 

(0.025 mg/L) in 4-8 cm depth at mudflat soil. The second highest value of Cd is 0.029 mg/L at 

16-20 cm depth in the mangrove soil. The concentration of Cd is increased at the surface (0-4 

0-4

4-8

8-12

12-16

16-20

8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8

pH

D
e

p
th

 (
c
m

)

 SB1

 SB2

 SM1

 SM2

 NB1

 NB2



J. Myanmar Acad. Arts Sci. 2026 Vol. XXIII. No.3  241 

cm) of the core sample when compared with that from 16-20 cm depth. The concentration of Cd 

at 0-4 cm and 8-16 cm were almost the same.  

In the cases of mangrove and mudflat soils at Sepapla (Figure 3b), Cr content was found 

to have the highest value (0.344 mg/L) in 4-8 cm depth at mangrove soil and the lowest value (-

0.074 mg/L) in 0-4 cm depth of mangrove soil. At Nathmaw, the maximum value of Cr was 

found to be (0.164 mg/L) in 12-16 cm depth and the minimum value is (-0.171 mg/L) in 0-4 cm 

depth of mudflat soils. In some areas, the presence of chromium contents is almost non-existent, 

as it showed negative signs (e.g. -0.034, -0.036 mg/L) and so on.  

In the case of Sepala, the maximum content of Pb was found to be (1.646 mg/L) in the 

surface layer of 0-4 cm depth at mangrove soil and the minimum level is (0.013 mg/L) in 0-4 cm 

depth of mudflat soil. In the deeper layer of the core, values for Pb content ranged from 0.012 to 

0.014 mg/L and 0.020 to 0.023 mg/L in 0 – 12 cm depth of mangrove and mudflat soils 

respectively (Figure 3). While it is compared with the mangrove soil, every layer of Pd 

concentration in the mangrove soils is found higher than that of the mudflat areas. 

In the study area, the concentration of Cu is higher than that of Pb, Cr and Cd.  According 

to Figure 3d, it is noticed that in the case of mangrove soil, the maximum value of Cu was found 

to be  (1.747 mg/L) in the depth of 4-8 cm and the minimum value is (0.006 mg/L) in 12-16 cm 

depth of mudflat soil at Sepala. Copper concentration is higher in a depth of 16-20 cm (3.471 

mg/L) and the lowest value is 0.120 mg/L in 12-16 cm depth in mudflat soils. The values for Cu 

content ranged from 0.006 to 0.020 mg/L in 0-12 cm depth, from 0.041 to 0.096 mg/L and in 12-

20 cm depth, the range from 0.180 to 0.476 mg/L 0-12 cm depth and 12-20 cm depth are found 

0.120 to 0.171 mg/L, respectively (Figure 3). 
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Figure 3. Comparison of heavy metals: a) Cadmium, b) Chromium, c) Lead and d) Copper in 

different depth intervals of mangrove and mudflat soils 

Discussion 
 Generally, soil pH is one of the main parameters for determining the extent of pollution, 

as it has been identified as a principal factor affecting the mobility and availability of metals in 

soil (Inobeme et al., 2014). When comparing the pH range at Sepala and Nathmaw, Sepala had a 

higher pH value (8.8 > 8.09) than Nathmaw, indicating neutral to slightly alkaline soils. 
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 The Cd concentration in every layer of mangrove soil was found to be higher than that of 

the mudflat soil. The highest Cd concentration was 0.041 mg/L, observed at a 12-16 cm depth in 

mudflat soil, while the lowest was 0.015 mg/L at a 12-16 cm depth of mudflat soil. In all samples 

from both mangrove and mudflat soils, Cd content exceeded the maximum permissible limit 

(0.0008 mg/L) recommended by WHO (1996). 

 The Cr concentration was higher in every layer of mangrove soil compared to mudflat 

soil, with the exception of the 4-8 cm depth, which had a value (0.344 mg/L) higher than the 

corresponding value in mudflat soil. The Cr content in all samples from both mangrove and 

mudflat soils did not exceed the maximum permissible limit (0.1 mg/L) recommended by WHO 

(1996). 

 When comparing mangrove and mudflat soils, Pb concentrations in mangrove soil were 

higher in every layer than in mudflat soil, with the exception of the 0-4 cm depth, which had a 

value (1.646 mg/L) higher than the corresponding mudflat soil value (0.013 mg/L). Contrary to 

the permissible limit, the Pb concentration in the 0-4 cm mangrove soil layer (1.646 mg/L) 

exceeded the WHO (1996) limit of 0.085 mg/L. 

 When comparing mangrove and mudflat soils, Cu concentration in the mudflat soil was 

higher in every layer than in the mangrove soil, except for the 16-20 cm depth, where the mudflat 

soil value (3.471 mg/L) was higher than the mangrove soil value (1.747 mg/L). In this study, Cu 

concentrations in both mangrove and mudflat soils exceeded the WHO (1996) permissible limit 

of 0.036 mg/L in all layers. 

 In comparison to unvegetated mudflats, the present findings showed that mangrove 

sediments accumulated comparatively higher concentrations of most of the heavy metals. The 

higher accumulation of heavy metals by blue carbon ecosystems is due to their increased carbon 

sequestration rate, which is essential for heavy metal retention. Due to their capacity to disperse 

waves and capture particles from the water column, mangroves and saltmarshes have been shown 

to increase the organic matter content in sediments and maintain greater carbon stocks than 

terrestrial ecosystems (Duarte et al. 2013). As a result, they are particularly effective at 

sequestering heavy metals in sediments (Zhou et al., 2011). 

Conclusion 
 This study provides a baseline record of heavy metal concentrations in the sediment 

profiles of the region’s blue carbon ecosystems. The present findings showed that the presence of 

mangroves in the coastal area is associated with significantly increased concentrations of most of 

the heavy metal components. The accumulation of Cd, Cr, Pb, and Cu toward the surface of both 

mangrove and mudflat sediments was likely accelerated by anthropogenic activity. While some 

heavy metals like Cu, Cd, and Pb exceeded the WHO permissible limits in certain layers, the 

findings from our quantitative contamination assessments suggest that the soils were not heavily 

contaminated throughout the entire profile. 
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