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ABSTRACT 

	Indonesia’s shrimp exports in 2024 reached a value of more than USD 1.68 billion with the volume 1,134,017 tons. Shrimps, as the key component of not only the aquatic ecosystem, but also local fisheries economy, are prone to accumulating toxic metals such as cadmium, mercury, lead, and arsenic from the surrounding waters and sediments. This study is aimed to synthesizes data from multiple research works which conducted in different Indonesian coastal regions about the bioaccumulation of heavy metals in the tissues of various shrimp species in aquatic environments or shrimp farming. This studies include Macrobrachium rosenbergii, Acetes sp., Penaeus merguiensis, Litopenaeus vannamei, and Fenneropenaeus merguiensis from various locations in Indonesia. The results are Whiteleg shrimp (Litopenaeus vannamei) are the most researched shrimp species in Indonesia due to their high production volume. The most investigated heavy metal in Indonesian shrimp is lead that can cause various health problems in humans including nausea, vomiting, stomach pain, and even death in severe cases. Chromium and cadmium levels was found too and the levels exceed permissible food safety thresholds. Excessive chromium, particularly in its hexavalent form (Cr(VI)), can cause gill damage in fish and shrimp, and in humans, it is linked to diabetes, heart attacks, cancer, and strokes. High cadmium levels can lead to intestinal damage, oxidative stress, and altered gut microbiota in shrimp, while in humans, it is associated with endocrine disorders, cancer, kidney damage, hypertension, reproductive system disruption, and liver dysfunction. Another heavy metals that accumulated in Indonesian Shrimp are mercury, copper, zinc, and arsenic. These metals can damage organs, disrupt immune function, and cause oxidative stress in shrimp. 
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1. INTRODUCTION 

[bookmark: _Hlk209637289]Shrimp has grown into one of the most extensively consumed seafood species across all nations, containing high levels of protein, low levels of saturated fat, vitamins B and D, and other nutrients (Ramos-Miras et al., 2023). Due to high consumption levels, shrimp aquaculture has become an important industry for many countries (Ramos-Miras et al., 2023). In 2024, global shrimp production reached 5.88 million metric tons (MMTs). Indonesia is among the leading nations that produce shrimp, along with Ecuador, India, China, and Vietnam (Mandal and Singh, 2025). In 2024, shrimp production in Indonesia reached 1,134,017 tons. This shrimp production value increased slightly compared to 2023, which only reached 941,646.25 tons (Ministry of Marine Affairs and Fisheries of the Republic of Indonesia, 2025). This increase in shrimp production aligns with Indonesia's high National Fish Consumption Rate, which reached 59 kg/capita in 2024, up from 57.91 kg/capita in 2023 (Ministry of Marine Affairs and Fisheries of the Republic of Indonesia, 2025). However, shrimp aquaculture still faces various challenges. One challenge that can impact shrimp production is the accumulation of heavy metals (Apresia et al., 2023). Furthermore, the accumulation of heavy metals will also affect the safety of shrimp as food (Milati and Mahmudiono, 2022).
Although they are often present in extremely small amounts, heavy metals are vital elements of the aquatic ecosystem. However, various human activities, such as mining and industrial waste, can cause heavy metal pollution in waters (Nkansah et al., 2024). Multiple studies have shown that some heavy metals can accumulate in shrimp tissue (Nkansah et al., 2024) and negatively impact growth, immunity, and gut microbiota (Qian et al., 2020), damage intestinal histology, and cause oxidative stress (Chen et al., 2020). Some heavy metals accumulated in shrimp can biomagnify in humans through the food chain and can be toxic and carcinogenic, thus affecting human health (Nkansah et al., 2024). 
The purpose of this article is to describe the bioaccumulation of heavy metals in the tissues of various shrimp species in aquatic environments or shrimp farming in Indonesia. This information can be used by shrimp farmers as a basis for water management.
2. methodology 

This article used a literature review methodology that included searching, screening, analysis, and synthesis. The keywords "heavy metals," "shrimp," and "Indonesia" were used to conduct a literature search in Google Scholar and PubMed databases. Articles were then evaluated and chosen based on their publication time of year, topic relevancy, and information accuracy. Following the analysis, the information from the selected publications was compiled and synthesized as the basis for writing this article.
3. The Main Sources of Heavy metals

Heavy metals can be categorized as essential heavy metals needed by the body and non-essential heavy metals, the functions of which have not been proven by studies. Humans may suffer from deficiencies in essential heavy metals like zinc (Zn), iron (Fe), cobalt (Co), copper (Cu), nickel (Ni), molybdenum (Mo), and chromium (Cr) but excessive concentrations can also be harmful. Similarly, non-essential heavy metals such as lead (Pb), mercury (Hg), cadmium (Cd), aluminum (Al), and tin (Sn) can be toxic if they exceed threshold values (Yousif et al., 2021). Heavy metals in seafood that are frequently studied include mercury, arsenic, cadmium, and lead (Nkansah et al., 2024), as well as zinc, copper, and chromium (Yousif et al., 2021).
Heavy metals can enter aquatic ecosystems naturally, generally in small amounts (Yousif et al., 2021). However, various human activities can increase heavy metal levels in waters, especially in coastal areas. The use of fertilizers, pesticides, and sediment in agricultural activities can be carried into water bodies (agricultural runoff), contributing to increased heavy metal levels (Yousif et al., 2021). Furthermore, industrial and household waste, as well as shipbreaking activities, also lead to the discharge of colossal amounts of heavy metals into surface waters, ultimately accumulating in the water, sediments, and aquatic biota (Sarker et al., 2023).
The burning of coal, peat, and wood, emissions from companies that produce caustic soda, forest fires, and volcanic eruptions are some of the sources of mercury pollution in water. Zinc and copper come from the electroplating industry, smelting, refining, mining,and biosolids; lead comes from the mining and smelting of metalliferous ores, municipal sewage, the burning of leaded gasoline, paints, and industrial wastes enriched in Pb; cadmium comes from anthropogenic activities, geogenic sources, metal smelting and refining, fossil fuel burning, application of phosphate fertilizers, and sewage sludge. Arsenic comes from semiconductors, wood preservatives, mining and smelting, coal power plants, herbicides, volcanoes, petroleum refining, and animal feed additives, and chromium comes from the electroplating industry, sludge, solid waste, and tanneries (Yousif et al., 2021).
4. bioaccumulation and biomagnification of heavy metals

Heavy metals that enter the water can be deposited and accumulated in sediment. Heavy metals in the water can enter the bodies of aquatic animals through respiration, dermal absorption, and ingestion from various sources, namely water, sediment, and prey (Oros et al., 2025). Heavy metals are then distributed by circulation (Aytekin et al., 2019). If the amount of heavy metals entering exceeds the animal's ability to ingest heavy metals, it can cause bioaccumulation in organs and tissues (Miller et al., 2020), such as gills, hepatopancreas (digestive gland), muscle, and the exoskeleton. Because gills are in continual contact with the environmental world, they are the main target of water pollutants. In shrimp, the hepatopancreas is the main location for metal detoxification and storage. Due to their close interaction with the water around them and ability to absorb metals through their surface, gills may accumulate large concentrations of heavy metals (Ramos-Miras et al., 2023). 

Factors influencing accumulation include the type and characteristics of heavy metals, season, physiological traits (Oros et al., 2025), and biometric parameters of the species, such as age and size. The accumulation pattern of heavy metals in shrimp tissues can vary depending on the type of metal, exposure route, exposure duration and intensity (Ramos-Miras et al., 2023), and and removal from the body, which depends on the species' metabolism (Saidon et al., 2024). Heavy metals will move along the food chain from one organism to another if these pollutants are not broken down within them. This process is known as "biomagnification," and it raises the levels of heavy metals in top predators like humans (Oros et al., 2025). Geographical location, web complexity, and internal organismal characteristics, including physiological requirements, trophic level position, and feeding habits, all impact this heavy metal biomagnification (Saidon et al., 2024).

5. HEAVY METALS LEVELS IN VARIOUS SHRIMPS IN INDONESIA

[bookmark: _Hlk211374983]A number of researchers have tested the levels of various heavy metals in various shrimp in Indonesian waters. Based on Table 1, it can be seen that whiteleg shrimp (Litopenaeus vannamei) are the most widely researched in Indonesia. This is due to whiteleg shrimp being the main shrimp commodity, accounting for 75 percent of the total production of Indonesian shrimp (Ministry of Marine Affairs and Fisheries of the Republic of Indonesia, 2023). Lead is the most investigated heavy metal in Indonesia. Lead exposure in shrimp can cause hepatotoxicity, neurotoxicity, changes in total antioxidant capacity, and oxidative stress (Gholamhosseini et al., 2024), as well as damage to the intestine and changes in gut microbes (Duan et al., 2021). Lead exposure also causes changes in shrimp behavior and decreases their appetite (Lestari et al., 2018). If lead enters the human body through shrimp consumption, it can accumulate and cause various health problems. Acute lead poisoning in human can result in anemia, abdominal pain, diarrhea, constipation, seizures, coma, and ultimately death (Safaee et al, 2023). The concentration of lead in some types of shrimp in Indonesia listed in Table 1 exceeds the permissible lead threshold for consumption, which is 0.5 mg/kg (Indonesian National Standards 7387:2009).


Besides lead, chromium and cadmium levels in shrimp in Indonesian waters are also extensively studied. The concentration of chromium and cadmium in several types of shrimp has exceeded the permissible threshold as food material, namely 0.7 mg/kg for chromium based on the International Atomic Energy Agency (Nkansah et al., 2024) and 1 mg/kg for cadmium (Indonesian National Standards 7387:2009). There are many different oxidation states of chromium, ranging from Cr²⁺ to Cr⁶⁺, but the most stable and common forms in terrestrial ecosystems are the trivalent and hexavalent forms. Depending on the level of oxidation, the metallic ionic species Cr(VI) can be quite dangerous. Above a certain threshold, Cr affects the gills in fish and shrimp, causing changes in some species such as anemia, eosinophilia, lymphocytosis, bronchial lesions, and renal lesions (Derrick et al., 2025). A person's internal chromium levels can lead to conditions such as diabetes, heart attacks, cancer, and strokes (Apresia & colleagues, 2023). By changing microbial diversity, community composition, and metabolic processes in shrimp, excessive cadmium can lead to intestinal mucosal injury, oxidative stress, and caused intestinal microbiota alteration (Duan et al., 2021). Meanwhile, in humans, excess cadmium can cause disorders of the endocrine system, lead to breast and prostate cancer, damage kidneys, cause hypertension, disrupt the reproductive system, and induce hepatic dysfunction (Yousif et al., 2021).

Other heavy metal that also accumulate in shrimp namely mercury, copper, zinc, and arsenic, Mercury are proven can reduce total hemocyte count and change phenoloxidase (PO) activity L. vannamei juveniles (Roos-Muñoz, 2019). Mercury (MeHg) is also categorized as a group 2B carcinogen in humans. Hg is known nature toxic to the body's system such as reproductive, cardiovascular, renal, immunological, and hematopoietic (Ra et al., 2023). Copper-based nanoparticles (CuNPs) are proven cause damage to the hepatopancreas and lymphoid organs and can damage the shrimp immune system, as well as some internal organs (Sadralsadati et al., 2020Human kidney function impairment and possibly mortality can result from excessive Cu ingestion (Yousif et al., 2021). Likewise, excessive levels of zinc and arsenic have also been shown to can Disrupting shrimp health. Zinc exposure caused change in immune response, damaged hepatopancreas, oxidative stress, and reduced the growth performance in L. vannamei (Liang et al., 2022). Chronic As (III) stress over a period of 21 days could disturb arsenic metabolism, decrease of total haemocyte count and the inhibition of phagocytic rate, phagocytic index, O2− production and phenoloxidase activity in white shrimp (Liao et al., 2022)

Table 1.	Heavy metals in various shrimps species 

	Species
	Location
	Heavy metals
	Levels (mg/kg)
	Ref

	White shrimp
(Penaeus merguensis)
	Kao Bay, North Halamhera
	Lead
Cadmium
Copper
Zinc
	4.96±0.17
1.80±0.04
29.23±0.03
82.68±0.01
	Pertiwi, 2018

	Endeavouri prawn 
(Metapenaeus ensis) 
	Jungkat Village, Siantan District, Mempawah Regency

	Lead
	0.073 ± 0.013

	Lestari et al., 2018

	Tiger cat shrimp 
(Parapenaeopsis sculptilis)
	
	
	0.067 ± 0.013

	

	White prawn 
(Penaeus merguiensis)
	
	
	0.065 ± 0.016  

	

	Whiteleg shrimps 
(Litopenaeus vannamei)

	Jabon, Sidoarjo, East Java, Indonesia
	Chromium
	0.081-0.532
	Andini and Ainiyah, 2018

	Mantis shrimp (Harpiosquilla harpax)
	Tuban, East Java
	Zinc
Copper
Cadmium
Lead
Mercury Chromium
	18.6 ± 6.8
11.5 ± 1.5
1.5 ± 0.2
1.5 ± 0.2
0.04 ± 0.02 µg/kg
0.02 ± 0.01 µg/kg
	Candra et al., 2019

	
	Gresik, East Java
	Zinc
Copper
Cadmium
Lead
Mercury
Chromium
	27.3 ± 8.1
13.5 ± 2.5
1.6 ± 0.4
1.4 ± 0.3
0.05 ± 0.02 µg/kg
0.02 ± 0.01 µg/kg
	

	
	Sampang, East Java
	Zinc
Copper
Cadmium
Lead
Mercury
Chromium
	21.8 ± 4.5
15.5 ± 1.5
1.6 ± 0.2
0.06 ± 0.03 µg/kg
0.03 ± 0.02 µg/kg
	

	Mantis shrimp
(Harpiosquilla raphidea)
	Banyuasin coast of South Sumatra.

	Lead
	0.557-2.23 
	Yunita, 2019

	Giant river prawn
(Macrobrachium rosenbergii)
	-
	Mercury
	0.393 ± 0.052
	Zuhairiah et al., 2019

	Acetes sp.
	Bangkalan regency
	Lead
	0.154 – 0.174
	Jannah and Triajie, 2020

	White shrimp 
(Penaeus merguiensis)
	Belawan Sea Waters, North Sumatra Province
	Lead
	0.014-0.089
	Yusni et al., 2021

	Whiteleg shrimps 
(Litopenaeus vannamei)


	Biringkassi pond, Bungoro District, Pangkep Regency
	Lead Cadmium Chromium
	<0.0005 
<0.0005 
3.06-3.68 
	Hardianti et al., 2022

	Banana shrimps 
(Fenneropenaeus merguiensis)


	Brondong District, Lamongan, East Java

	Lead cadmium Arsenic
	0.0465 
0.0035 
0.8229
	
 Syahrian et al., 2023

	Whiteleg shrimps 
(Litopenaeus vannamei)


	North Coast of Central Java
	Lead Cadmium Chromium
	0.86±0.18
0.011±0.004
0.95±0.11
	Apresia et al., 2023

	Whiteleg shrimps 
(Litopenaeus vannamei)

	River Mouth of Ketahun, North Bengkulu
	Mercury
Cadmium
Lead
Arsenic
	0.2049
0.0232
0.2328
0.1929
	Handayani et al., 2024


6. Conclusion

This study covers several Indonesian shrimp species including Macrobrachium rosenbergii and Litopenaeus vannamei, with whiteleg shrimp being the most extensively researched due to its large production. Lead is the primary heavy metal investigated and is known to cause a serious health issues in human. Chromium and cadmium levels also been found and the number is exceeding food safety limits. Chromium linked to severe health problems like cancer and heart disease, while cadmium affects both human organ and shrimp immune function. Additional metals such as mercury, copper, zinc, and arsenic are also present and contributing to organ damage and oxidative stress in shrimp. These finding highlights an urgent need for monitoring and managing heavy metals in shrimp aquaculture to ensure the consumer and aquatic life safety. 
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