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Abstract 
Research on the analysis of heavy metal content in the waters of Karang Island, Central Tapanuli Regency 
aims to know the metal content in Lola Snail meat, sediment, and Lola Snail shells. The research method 
begins with taking samples of Lola snails and sediments on Karang Island and preparing the samples. Then, 
the samples were analyzed by AAS (Atomic Absorption Spectrometry) to determine the content of heavy 
metal elements in the meat of Lola Snail, followed by XRD (X-Ray Diffraction) testing to determine the 
content of heavy metal elements in sediments, and also testing with EDX (Energy Dispersive X-Ray) to 
determine the content of heavy metals in the shell. The results of the analysis on the AAS test showed that 
the order of heavy metal concentrations in Lola snail meat at station I was Zn > Cr > Cu > Cd > Pb, while at 
station II was Zn > Cu > Cr > Cd > Pb. The results of the sequence of heavy metal concentrations using XRD 
in sediments around Karang Island at the station I was Zn > Cr > Cu > Cd > Pb, while at station II was Zn > 
Cd > Cu > Cr > Pb. The results of the analysis on the shells of Lola snails using EDX at both stations showed 
they did not contain heavy metal elements (Pb, Cd, Cu, Cr, and Zn), but only contained O, Ca, Mg, Na, Al, and 
Si elements. 
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INTRODUCTION 

 

Central Tapanuli Regency is one of the regencies in North Sumatra Province. Data obtained from 
the Central Agency on Statistics (BPS) 2021, Central Tapanuli has an area of 2,194.98 km2 with a 
population of 365,177 people and has 20 sub-districts and there are 181 small industries of which 65 
of them are non-formal industries. Central Tapanuli is a district on the west coast of Sumatra with a 
coastline of 200 km and beautiful natural attractions. There are 37 beautiful water attractions, one of 
which is Coral Island, which has marine life such as the Lola Snail. 

The Lola Snail is a large mollusk of the gastropod class that lives on reef flats and is affected by 
sea tides. Lola has a very high economic value in the community (Persada, 2018). Economically, the 
presence of Lola Snail can be used as a source of livelihood for fishermen. Lola's meat can be used as 
a source of protein for consumption and the shell is used to make buttons, jewelry, and aquarium 
decorations. Lola Snail is often found at the bottom of the water which is right at the bottom of the 
sediments. However, Lola Snail's activities were disrupted by heavy metal waste flowing from the 

Watershed (DAS) into the coast of Karang Island. This happens because the Lola Snail is one of the 
marine biotas that looks for food on the substrate. In accordance with research (Anam, et al., 2019) 
said that sea slugs usually eat by scraping the surface of the substrate that is attached or overgrown by 
flora and fauna (grazer). It is very possible for Lola Snail to consume organic materials that have been 
contaminated with heavy metals so that the snails contain heavy metals. 

Heavy metals are pollutants that are easily accumulated by large consumers, such as marine 

organisms, and increase as they move up the food chain, with direct effects on human health. Hutton 
(1987) stated that the most toxic heavy metal pollutants are lead (Pb), copper (Cu), cadmium (Cd), and 
chromium (Cr). Increasing urbanization and industrialization have polluted the environment with 
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toxic wastes, including heavy metal compounds. Several heavy metals are essential elements for living 
things (Wulandari, 2021). 

The heavy metal content in the waters which is affected by the presence of waste, pollution from 
motorized vehicles, and river flows to the waters of Karang Island has the potential to cause sediment 

containing heavy metals. The presence of the Lola Snail which often settles at the bottom of the 
sediment has the opportunity to cause the Lola Snail's flesh to be affected by heavy metals. This finding 
is also related to the research by Rahmatsyah and Julyha (2015) which stated that seawater and 
sediments affected by the seawater industry which operates every year causes the entry of waste and 
accumulation of heavy metals. At a certain point, the heavy metals contained in the water will sink to 
the bottom of the water and a sedimentation process will occur to form sediment so that the 
concentration of heavy metals accumulated in the sediment will be high in the water body (Amelia, 
2019). 

The entry of contaminants into the marine environment can cause a decrease in the quality of 

Karang Island waters and marine organisms such as the Lola Snail will have a very high chance of 
being contaminated with heavy metals. Based on previous research theory, the authors are interested 
in knowing the content of heavy metal elements (Pb, Cd, Cu, Cr, and Zn) in Lola Snail’s meat, Lola 
Snail’s shells and sediment in the waters of Karang Island using three different tools. 

 
METHOD 

 

A sampling of Lola snail’s meat, Lola snail shells, and sediment was carried out at two stations 
and was carried out on Karang Island, Barus District, Central Tapanuli Regency, North Sumatra. The 

collected shells and sediments were washed with distilled water and dried in the sun for one day. The 
shells and sediment were ground into powder with a mortar and filtered using a sieve. The prepared 
shells and sediments were then placed in plastic samples and labeled as Station I and Station II. The 
study of the content of Lola snail meat was carried out using the Atomic Absorption Spectrometry 
(AAS) of Shimadzu type AA-7000 at the Medan Industrial Research and Standardization Center. 
Sediment content studies using X-Ray Diffraction (XRD) Shimadzu type 6100 were then processed 
with Match! 3 software and Lola Snail’s shells with Energy Dispersive X-Ray (EDX) FEI type inspect 
S50 EDAX AMETEX, tests were carried out at the Physics Laboratory of Universitas Negeri Medan. 

 
RESULTS AND DISCUSSION 

 
Lola Snail Meat Test Results Using Atomic Absorption Spectrometry (AAS)  

The content study on testing the Lola Snail meat sample using AAS is shown in Table 1 and 
Figure 1. 

 
Table 1. Results of the study of the metal content of Lola Snail meat 

Heavy Metal Elements Station I Station II 

Lead (Pb) <0,003 mg/kg <0,003 mg/kg 
Cadmium (Cd) <0,02 mg/kg <0,02 mg/kg 

Copper (Cu) 6,90 mg/kg 9,59 mg/kg 
Chromium (Cr) 10,4 mg/kg <0,005 mg/kg 

Zinc (Zn) 74,2 mg/kg 101,4 mg/kg 

 

The results of the heavy metal Lead (Pb) content of <0.003 in Lola snail meat indicate that it 
has not exceeded the quality standard threshold that has been set. The low content of lead metal in the 
body of Lola Snails is due to the fact that both research sites are located in locations with low toxicity, 

due to the lack of industrial waste that produces Pb metal, which affects the low accumulation of heavy 
metal lead (Pb) in Lola Snail meat. Data obtained from the 2021 Central Agency on Statistics (BPS), 
industry and trade in Barus District have small and medium-sized companies engaged in various fields 
and are developing and managed individually. These industries include salting fish, coffee factories, 
and crackers, where industrial waste disposal in Barus District does not produce waste containing Pb 
metal. 

Based on research by Yulaipi and Aunurohim (2013), the presence of lead metal (Pb) is caused 

by waste that enters the waters from the chemical industry waste, printing industry, and industries 
that produce metals and paints. This is also related to the research locations of the two stations which 
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are located in locations with low toxicity, due to the lack of industrial waste that produces Pb metal 
which affects the low accumulation of heavy metal lead (Pb) in the meat of Lola Snails. 

 

 
Figure 1. Graph of the metal content of Lola Snail’s meat 

 

The content of heavy metal cadmium (Cd) in Lola Snail meat in both station areas is <0.02 which 
is still below the quality standard. The content of Cd metal of <0.02 in the body of Snail Lola needs to 
be investigated as a factor for contamination. The Cd heavy metal pollution in Lola Snail is influenced 
by environmental factors around Karang Island. Environmental factors affect the acceleration of Cd 
metal accumulation at two coral island water stations including seawater salinity, currents, and tidal 

movement. A sampling of Lola snails in the waters of Karang Island was carried out when the water 
salinity was high. Salty seawater increases chloride ions and releases chloride complexes, thereby 
reducing the concentration of the heavy metal Cd. The slow flow and minimal tidal movement during 
sampling also contributed to the low levels of the heavy metal Cd in the body of Snail Lola. Therefore, 
the concentration results obtained for Cd metal in Lola Snail meat were still low and below the quality 
standards. 

This is related to research by Wulandari (2008), the content of the heavy metal Cd in marine 

biota is affected by low salinity, strong currents, and tidal movements. Sampling during high tides has 
a high toxicity for Cd metal because seawater may contain high levels of heavy metals from polluted 
waste dumped in estuaries and watersheds leading to the waters of the sampling area. The existence 
of tidal movement will move the water mass horizontally, resulting in mixing of metals (Lessy, et al, 
2021). 

Based on the results of research on copper (Cu) metal in Lola Snail meat at both stations 

produced different concentrations of the metal but were still below the quality standard. The difference 
in heavy metal content is due to different activities at each station, so the addition of heavy metal 
content is different for each parameter. The highest copper content was found in the area of station II 
which is the location of island waters close to the estuary of the river for disposal of industrial waste 
and the port area which produces many sources of pollution such as ship oil residue which is the main 
source of heavy metals with high concentrations in waters, while the area of Station I is fish processing 
industrial area, spoilage, and fish waste. 

This is in accordance with the research by Rahmatsyah and Julyha (2015) in Pondok Batu 

waters, Central Tapanuli Regency, which stated that industrial areas have a lot of activity so the input 
of copper (Cu) into the waters is getting bigger. Station locations that produce high concentrations 
come from sources of pollution from factory activities that dispose of liquid waste and metal alloys 
containing copper. The heavy metal copper (Cu) is a pollutant in marine waters that comes from 
various industrial, household, or agricultural wastes. Very low concentrations of Cu become an 
essential metal for marine biota, but at higher concentrations, it can be toxic to marine biota including 
the Lola Snail. The high concentration of copper at both stations is because they are located in an 

industrial area. 

Analysis of heavy metal chromium (Cr) in the Lola Snail meat samples from the Station I area 
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revealed that chromium metal was above the maximum permissible limit, so it is necessary to review 
the source of contamination and warn about consumption behavior. The difference in Cr concentration 
between the Lola Snail samples collected at stations 1 and 2 was caused by several factors. In sampling 
at the first station, the Cr concentration exceeded the maximum value because the sampling location 
was at a source of heavy metal pollution. Metal accumulation in Lola Snail is influenced by 
environmental factors so that different sampling areas lead to different accumulations. Environmental 
factors affecting the acceleration of Cr metal accumulation at Station I include erosion, dust, and 
rainwater particles as seasonal factors. This is corroborated by the research of Melinda, et al (2021) 

which states that differences in seasons affect the accumulation of heavy metals in shellfish. 

Based on research by Hidayah, et al., (2014) in Rawa Pening Lake, the source of Cr metal in the 
waters mostly comes from the erosion process of mineral rocks from the sampling area and also 
household waste containing Cr metal such as detergent soap. The erosion of mineral rocks originates 
from andesite mining waste in the sampling area. Therefore, the high content of Cr metal at the first 
station in the area around the coast of Karang Island at Lola Snail can be influenced by physical factors. 

This is related to the sampling of the Lola Snail at the first station, chromium toxicity is influenced by 
physical factors, including erosion that occurs on mineral rocks, besides that dust and particles in the 
air will be carried down by rainwater. In addition, human activities produce waste that contains the 
heavy metal of chromium (Juharna, et al., 2022). 

The high concentration of Zn in the meat of the Lola Snail was due to the sampling of Lola Snails 
in the two-station carried out in the afternoon in the waters of Karang Island. In the afternoon, many 

human activities cause the accumulation of zinc in the water such as boats and ships crossing the 
waters of Karang Island. Speedboats also contribute to emissions of heavy metal zinc through the use 
of vehicle diesel fuel and brakes. Heavy metals released into the water are diluted and dispersed by 
turbulence and ocean currents. This is also related to research by Maddusa, et al (2017) which states 
that sampling in the morning and evening causes high concentrations of Zn because it is influenced by 
increased community activities such as agriculture, speedboats, and household waste. The increase in 
zinc increased significantly in the afternoon due to the disposal of zinc-containing household waste 
and agricultural waste in the form of pesticide fertilizers which contain a lot of zinc. 

Based on the results of the concentrations of heavy metals, i.e., Pb, Cd, and Cu at both stations, 

they were still below the maximum threshold so they were suitable for consumption. Likewise, Cr at 
station II and Zn at station I are still suitable for consumption. However, Cr at station I and Zn at 
station II are not safe for consumption because they can have negative effects on health. Heavy metals 
that exceed the quality standard limits can have a negative impact on the life of organisms such as 
disrupting chemical reactions and inhibiting the absorption of essential nutrients. Heavy metals also 
interfere with the activity of enzymes that can damage health such as the body's metabolism, cause 
allergies, and are teratogenic, mutagen, and carcinogenic in humans and animals. (Hananingtyas, 

2017). The sequence of accumulation of heavy metal concentrations at station I is Zn > Cr > Cu > Cd 
> Pb, while at station II that is Zn > Cu > Cr > Cd > Pb. Therefore, it is very important to maintain 
vigilance when consuming Lola Snail because every year there will be an increase in activity around 
the waters of Karang Island and an increase in industrial waste that flows from the watershed around 
the river in Central Tapanuli Regency. 
 
Sediment Testing Results Using X-Ray Diffraction (XRD)  

The results of the content study on testing sediment samples using XRD are shown in table 2 

and figure 2. 

 
Table 2. Results of studies on metal content in sediments 

Heavy Metal Elements Station I Station II 
Lead (Pb) 1.5 % 7.1 % 

Cadmium (Cd) 12.2 % 17.5 % 
Copper (Cu) 16.0 % 16.4 % 

Chromium (Cr) 28.4 % 9.6 % 
Zinc (Zn) 41.9 % 49.3 % 

 

The order of heavy metal concentrations in sediments around Karang Island using XRD at 

station I is Zn > Cr > Cu > Cd > Pb, while at station II is Zn > Cd > Cu > Cr > Pb. The distribution of 
heavy metals from the sediment resulted in a sequence of concentrations that match the order of 
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concentration in Lola Snail's meat. 

 

 
Figure 2. Graph of metal content in sediments 

 

Sediment products around the waters of Karang Island come from a collection of results of the 
destruction of the surrounding rock which will have a heavy metal content determined by the 
mineralogy of the original rock. The content of heavy metals in sediments that are affected by human 
activities consists of natural geochemistry and the results of activities from the area. 

Based on the results of the study, the lowest heavy metal content in the sediments from the two 

stations was lead (Pb), with station I of 1.5% and station II of 7.1%. The low heavy metal lead is due to 
the presence of the metal in the waters of Karang Island is still safe, where there are minimal sources 
of pollution from industrial waste containing Pb. This is consistent with the results obtained by lead 
metal in Lola Snail's meat. This is also related to research by Permata, et al (2018) which states that 
the low concentration of the heavy metal Pb in sediments is caused by a lack of industrial waste 
treatment resulting in Pb levels. Industries that use lead metal in their production processes can 
produce lead in sediments such as the cement industry, fertilizer industry, Pertamina, coal industry, 

and chemical industry. These five industries are not found around the Karang Island research area. 

The highest concentration of heavy metals in sediments is zinc (Zn), 41.9% at station I and 49.3% 
at station II. The high concentration of the heavy metal Zn in sediments is caused by a deposition 
process that takes place with a momentary time scale pattern, causing the heavy metal to accumulate 
in the sediment. Sampling of sediments in the waters of Karang Island which was carried out in the 
afternoon when there were many activities had an impact on the high Zn metal concentration in the 

sediments. The results of Pratama's research (2021) state that based on the pattern of distribution of 
the heavy metal Zn in sediments, it is not absolutely determined by the pattern and speed of the 
currents. This is due to the increased flow pattern and velocity which will affect the accumulation of 
Zn metal in sediments. Accumulated over the past few years, Zn heavy metal sediments distribute grain 
sizes originating from various activities such as industrial waste, shipping activities, household 
activities, and residential areas. 
 
Test Results of Lola Snail Shells Using Energy Dispersive X-Ray (EDX) 

EDX analysis resulted in the percentage of chemical elements contained in the Lola Snail Shell 

samples at both stations. It shows the distribution of elements in the Lola snail from stations I and II 
did not contain heavy metal elements of Pb, Cd, Cu, Cr, and Zn but contained elements such as O, Ca, 
Mg, Na, Al, and Si. 

The distribution of station I elements shows that the particle diameter represents about 5µm 

and the spectral peak is dominated by element O. The elements present in (Figure 3) include O 
(72.30%), Ca (26.75%), Mg (3.26%) , Na (1.43%), Al (0.48%), and Si (0.33%). 
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Figure 3. The EDX spectrum of the distribution of station I elements 

 

The distribution of station II elements shows that the particle diameter represents about 5μm 
and the peak of the spectrum is dominated by element O. The elements present in (Figure 4) include 

O (78.18%), Ca (26.22%), and Na ( 1.80%). 

 

 
Figure 4. The EDX spectrum of the distribution of station II elements 

 
CONCLUSION 

 

Analysis using AAS shows that the accumulation of heavy metal concentrations in the meat of 

Lola snails cultivated around the waters of Karang Island at the station I was as follows Zn > Cr > Cu 
> Cd > Pb, while at station II was Zn > Cu > Cr > Cd > Pb. The analysis using XRD shows the content 
of heavy metal concentrations in sediments around Karang Island at the station I was as follows Zn > 
Cr > Cu > Cd > Pb, while at station II was Zn > Cd > Cu > Cr > Pb. The EDX analysis on the Lola Snail 
shells showed that they did not contain the following elements, i.e., Pb, Cd, Cu, Cr, and Zn, but only O, 
Ca, Na, and C elements. 
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