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Abstract. Blood cockles (Anadara granosa) have high economic value as a
source of protein. As filter-feeding animals, they are also bioaccumulators of
heavy metals in their bodies. This research aimed to measure the levels of
heavy metals lead (Pb) and copper (Cu) and analyse the food safety aspects
of this commodity. The study was conducted from July to December 2024.
Samples were collected from the blood cockle cultivation area at the mouth of
the Rokan River, Rokan Hilir Regency, Indonesia. Analysis was carried out on
blood cockle flesh, seawater, and sediment. Blood cockles with a 2-3 cm
diameter were collected, cleaned, opened to remove 5 g of flesh, and stored
aseptically. Seawater (10 mL) and sediment (10 g) were collected and stored
aseptically in dark-colored bottles. All samples were put into an icebox and
taken to the laboratory. This study revealed that Pb concentrations in blood
clam flesh, seawater, and sediment ranged between 6.218 and 7.864 mg/kg,
0.022 and 4.286 mg/L, and 3.249 and 7.134 mg/kg, respectively. Pb levels in
blood cockle flesh have far exceeded the threshold. However, the Pb content
in water and sediment is still below the threshold. The Cu content ranged
between 5.031-7.427 mg/kg, 0.024-1.707 mg/L, and 0.434-1.251 mg/kg, in
flesh, seawater, and sediment, respectively. Compared to national and
international standards, the Cu levels were still below the threshold for all
samples. BCF (bioconcentration factor) analysis revealed that Pb and Cu in
blood cockle flesh were much higher than in seawater and sediment.
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INTRODUCTION

In some countries, including Indonesia, blood cockles (Anadara granosa) are
regarded as a significant marine commodity and one of the clams with the
highest economic worth. Given that it contains protein (9-13%), fat (0-2%),
glycogen (1-7%), omega-3, vitamin A, vitamin B12, and vitamin C, the
animal has the potential to be a highly valuable and nutritious diet (Permata
et al. 2023, Rahman et al. 2020). Antioxidant minerals, including Zn, Fe, Se,
and Cu, are also found in the biota (Rozirwan et al. 2023, Min et al. 2011).
Due to a growing demand, fishermen are actively capturing these
invertebrates. (Riza et al. 2021, Mahary et al. 2023). Because they are
nonselective filter feeders and can store heavy metals in their bodies if they
live in contaminated waters, A. granosa can also be utilised as a bioindicator
of saltwater pollution (Padmiswari et al. 2021, Srisuksawad &
Prasertchiewchan 2007). This organism's life cycle as a filter feeder made it
susceptible to the accumulation of metal contaminants from the sediment.
Human health hazards could arise from consuming blood cockles tainted
with heavy metals (Yona et al. 2020).

The most crucial element of the food industry is food safety. Consumers,
employees, the local community, and the environment in which the sector
operates must all be safe from the food products and the production process.
Certain facets of food safety, including food hygiene or the chemical and
microbial components of food, have been well-researched. The FAO and
WHO have established international food standards for maximum limits of
heavy metals in food to protect public health (Collado-Lépez et al. 2022). The
EU and Russian Federation have specific permissible levels for heavy metals
in various food products, such as arsenic in rice and mercury in fish
(Khamidulina et al. 2021). Coliforms are used as indicators of unsanitary
processing conditions, especially in dairy products, where their presence can
signal contamination from fecal sources or environmental factors (Martin et
al. 2016). Food safety is governed by FAO and WHO regulations. From a
chemical standpoint, food safety involves addressing the existence of several
harmful substances in the food (Galanakis 2024, Karanth et al. 2023, Verma
et al. 2023).
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The blood cockle is increasingly recognized for its vulnerability to heavy
metal contamination, particularly in coastal environments (Riza et al. 2021).
Research indicates that these organisms accumulate harmful metals such
as cadmium, lead, and copper, which can adversely affect their physiological
functions (Tu et al. 2022, Peng et al. 2015). Al, Hg, Pb, Zn, Cr, Cu, Cd, and
Co are among the heavy metals that can cause harm to the human body,
such as the development of several deadly illnesses (Teng & Yu 2023,
Jomova et al. 2024). These metals are hazardous when they are found in
food or water because they can build up in the blood cockles (Bhavani et al.
2024, Panghal et al. 2024). Long-term consumption of these contaminated
mollusks may lead to chronic health issues, including neurological and
kidney damage (Hossen et al. 2014, Mishra et al. 2024, Machado & Maltez
2021).

Lead (Pb) is a significant environmental contaminant that poses serious
health risks through food consumption (Mandal et al. 2023, Pato¢ka & Kuca
2016). Its presence in food can arise from various sources, including
contaminated soil and water, and it is particularly harmful to vulnerable
populations such as children and pregnant women (Miller et al. 1983,
O'Connor et al. 2020, Singh et al. 2023). Lead can enter the food chain
through contaminated soil and water, affecting crops and livestock (Sani &
Amanabo 2021). Historical industrial practices, such as the using of lead in
paints and gasoline, have contributed to increasing environmental lead levels
(Alankarage & Juhasz 2023). While lead contamination in food is a pressing
concern, some argue that the overall dietary intake of lead is generally below
health-based guidance values for the general population (Zhao et al. 2024).
However, the risks remain significant for vulnerable groups, necessitating
ongoing monitoring and intervention.

Copper (Cu) can pose significant toxicity risks in the food chain,
particularly through its accumulation in plants and animals (Wang et al.
2022). Research indicates that elevated Cu levels can adversely affect both
plant physiology and animal health, raising concerns about food safety.
Increased Cu levels result in reduced growth and elevated enzyme activity
related to oxidative stress, indicating physiological damage (Schmitt et al.
2022). Dusky grouper fish showed significant gut Cu accumulation after
consuming contaminated food, leading to reduced antioxidant enzyme
activity, and suggesting systemic toxicity (Francisco et al. 2020). The
cumulative nature of heavy metals, including Cu, poses long-term health
risks, as they can reach harmful levels in the food chain due to environmental
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pollution (Gil & Olmedo 2023, Alkhanjaf et al. 2024). While Cu is essential in
trace amounts, its toxicity at higher concentrations necessitates careful
monitoring in agricultural practices and food safety regulations to mitigate
health risks (Zitoun 2018). This study aimed to analyse the food safety
aspects of farmed A. granosa, based on heavy metal analysis, namely Pb
and Cu, by taking samples at the mouth of the Rokan River, Rokan Hilir
Regency, Indonesia.

MATERIALS AND METHODS

Sample collection

This research was conducted from July to December 2024. Samples were collected
from A. granosa farming in coastal areas at the mouth of the Rokan River, in Bangko
District, Rokan Hilir Regency, Indonesia (Figure 1). Water, sediment, and blood
cockle flesh samples were collected from three stations in July, September, and
November 2024.

Analysis of heavy metal content

Analysis of Pb and Cu was carried out on blood cockle flesh, seawater, and sediment
around the cultivation area. The blood cockles, with a diameter of 2-3 cm, were
caught and cleaned. Then the blood cockle was opened, and 5 g of the flesh was
taken out and stored aseptically in an icebox. Seawater (10 ml) and sediment (10 g)
were collected and stored in a dark bottle aseptically and stored in an icebox. These
samples were then taken to the Marine Chemistry Laboratory, Riau University, for
analysis. Analysis of heavy metal content was carried out using the Atomic
Absorption Spectrophotometer method (SNI 06-6992.5-2004, SNI 06-6992.3-2004,
Okewale & Grobler 2023, Maurya et al. 2018).

Water quality analysis

The water quality parameters measured included temperature, pH, salinity,
dissolved oxygen, and biological oxygen demand, as described in the INS (2008),
Rice & Bridgewater (2012), and MER (2014) methods.

Data analysis

The data obtained in this study were tabulated and analysed statistically by
calculating the standard deviation, average, maximum, and minimum of the values.
The data analysis was also continued with bioconcentration factor (BCF) analysis,
following the methods presented in other studies (DeForest et al. 2007).
Furthermore, the results of the analysis were interpreted descriptively by comparing
them with some previous research results and national and international standards.
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Figure 1. Research stations in Bangko District, Rokan Hilir Regency, Indonesia.

RESULTS

Pb levels

Samples were collected through three periods of sampling, namely in July,
September, and November 2024. Of all the research stations, the highest
levels of Pb metal in blood cockle flesh were 7,864 mg/kg (station 2), and the
lowest were 6,218 mg/kg (station 2). Table 1 presents more details.

In seawater, for all research stations, Pb metal levels ranged between
0.111 mg/L (station 2) and 0.022 mg/L (station 3). Table 2 contains more
specific details.

In sediment samples of all stations, the average Pb levels from all
research samplings were the highest at 4,286 mg/L (station 1) and the lowest
at 3,249 mg/kg (station 2). More details are presented in Table 3.

Cu levels

It was noted that the average Cu content in blood cockle flesh from all
stations ranged from 5.031 mg/kg (station 1) to 8,841 mg/kg (station 3). More
details are presented in Table 4.
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Table 1. Pb levels in farmed blood cockle flesh (mg/kg) in Bangko District,
Rokan Hilir Regency, Indonesia.

Research Stations  Sampling 1 Sampling2 Sampling3 Sampling 1, 2, 3
Station 1 6.451 6.441 6.532
7.534 7.532 7.546
6.956 7.562 7.654
Average 6.980 7.178 7.244 7.134
Standard Deviation 0.442 0.522 0.505 0.534
Maximum 7.534 7.562 7.654 7.654
Minimum 6.451 6.441 6.532 6.441
Station 2 7.065 7.105 7.142
7.786 7.582 7.864
6.271 6.364 6.218
Average 7.041 7.017 7.075 7.044
Standard Deviation 0.619 0.501 0.674 0.639
Maximum 7.786 7.582 7.864 7.864
Minimum 6.271 6.364 6.218 6.218
Station 3 6.884 6.848 6.484
6.740 6.704 6.460
7173 7.164 7.373
Average 6.932 6.905 6.772 6.870
Standard Deviation 0.180 0.192 0.425 0.315
Maximum 7173 7.164 7.373 7.373
Minimum 6.740 6.704 6.460 6.460

Table 2. Pb levels in seawater (mg/L) around the blood cockle farming in
Bangko District, Rokan Hilir Regency, Indonesia.

Research Stations  Sampling1  Sampling2 Sampling3 Sampling 1, 2, 3
Station 1 0.110 0.109 0.108
0.101 0.101 0.101
0.097 0.097 0.077
Average 0.103 0.102 0.095 0.100
Standard Deviation 0.005 0.005 0.013 0.010
Maximum 0.110 0.109 0.108 0.110
Minimum 0.097 0.097 0.077 0.077
Station 2 0.087 0.083 0.028
0.098 0.091 0.091
0.105 0.102 0.111
Average 0.097 0.092 0.077 0.088
Standard Deviation 0.007 0.008 0.035 0.024
Maximum 0.105 0.102 0.111 0.111
Minimum 0.087 0.083 0.028 0.028
Station 3 0.093 0.033 0.092
0.082 0.022 0.073
0.103 0.103 0.103
Average 0.093 0.053 0.089 0.078
Standard Deviation 0.009 0.036 0.012 0.031
Maximum 0.103 0.103 0.103 0.103
Minimum 0.082 0.022 0.073 0.022
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Table 3. Pb levels in sediment (mg/kg) around the blood cockle farming in
Bangko District, Rokan Hilir Regency, Indonesia.

Research Stations  Sampling 1  Sampling2 Sampling3 Sampling 1, 2, 3

Station 1 3.781 3.777 3.817
4.286 4.276 4.265
3.601 3.621 3.621
Average 3.889 3.891 3.901 3.894
Standard Deviation 0.290 0.279 0.270 0.297
Maximum 4.286 4.276 4.265 4,286
Minimum 3.601 3.621 3.621 3.601
Station 2 3.493 3.393 3.439
3.384 3.284 3.354
3.709 3.249 3.607
Average 3.529 3.309 3.467 3.435
Standard Deviation 0.135 0.061 0.105 0.148
Maximum 3.709 3.393 3.607 3.709
Minimum 3.384 3.249 3.354 3.249
Station 3 3.817 3.717 3.817
3.926 3.862 3.841
3.637 3.633 3.673
Average 3.793 3.737 3.777 3.769
Standard Deviation 0.119 0.095 0.074 0.107
Maximum 3.926 3.862 3.841 3.926
Minimum 3.637 3.633 3.673 3.633

In seawater samples from all stations, the Cu content ranged from 0.024
mg/L (station 1) to 0.060 mg/L (station 2). More details are presented in Table
5.

In sediment samples, the highest and the lowest Cu content in all stations
were 1.712 mg/kg (station 2) and 0.434 mg/kg (station 3), respectively. More
details are presented in Table 6.

Bioconcentration factors

Bioconcentration factors (BCF) were calculated by dividing the concentration
of the metal in the tissue of the blood cockle by that in the sediment. From
BCF analysis, it can be seen that the blood cockle is an actual
bioaccumulator animal for Pb, where the Pb levels in its flesh are 59.283-
112.458 times higher than in the surrounding seawater. Pb levels in blood
cockle flesh were 1.784-2.318 times higher than Pb levels in the surrounding
sediment. BCF > 1 indicates that the mussels accumulated more metals in
their tissues than in the sediment. On the other hand, BCF < 1 shows more
metals in the sediments than in the blood cockle tissues, as it was shown in
other studies (DeForest et al. 2007). More details about the BCF analysis
results are presented in Table 7.
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Table 4. Cu levels in farmed blood cockle flesh (mg/kg) in Bangko District,
Rokan Hilir Regency, Indonesia.

Research Stations  Sampling 1 Sampling2 Sampling3 Sampling 1, 2, 3
Station 1 5.031 5.314 5.321
6.878 6.785 6.786
7.247 7.427 7.247
Average 6.385 7.106 6.451 6.648
Standard Deviation 0.969 0.321 0.821 0.907
Maximum 7.247 7.427 7.247 7.427
Minimum 5.031 6.785 5.321 5.031
Station 2 6.098 6.078 6.068
5.934 5.394 5.634
8.396 8.693 8.369
Average 6.809 6.722 6.690 6.740
Standard Deviation 1.124 1.422 1.200 1.332
Maximum 8.396 8.693 8.369 8.693
Minimum 5.934 5.394 5.634 5.394
Station 3 5.401 5.141 5.412
8.584 8.841 8.684
6.262 6.362 6.162
Average 6.749 6.781 6.753 6.761
Standard Deviation 1.344 1.539 1.400 1.517
Maximum 8.584 8.841 8.684 8.841
Minimum 5.401 5.141 5.412 5.141

Table 5. Cu levels in seawater (mg/L) around the blood cockle farming in
Bangko District, Rokan Hilir Regency, Indonesia.

Research Stations  Sampling1  Sampling2 Sampling3 Sampling 1, 2, 3
Station 1 0.044 0.043 0.042
0.047 0.046 0.045
0.051 0.056 0.060
Average 0.047 0.048 0.049 0.048
Standard Deviation 0.003 0.006 0.008 0.006
Maximum 0.051 0.056 0.060 0.060
Minimum 0.044 0.043 0.042 0.042
Station 2 0.034 0.041 0.034
0.024 0.033 0.024
0.041 0.042 0.041
Average 0.033 0.039 0.033 0.035
Standard Deviation 0.007 0.004 0.007 0.007
Maximum 0.041 0.042 0.041 0.042
Minimum 0.024 0.033 0.024 0.024
Station 3 0.047 0.046 0.046
0.035 0.035 0.034
0.039 0.033 0.028
Average 0.040 0.038 0.036 0.038
Standard Deviation 0.005 0.006 0.007 0.007
Maximum 0.047 0.046 0.046 0.047
Minimum 0.035 0.033 0.028 0.028
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Table 6. Cu levels in sediment (mg/kg) around the blood cockle farming in
Bangko District, Rokan Hilir Regency, Indonesia.

Research Stations  Sampling 1  Sampling2 Sampling3 Sampling 1, 2, 3

Station 1 0.845 0.845 0.845
1.092 1.092 1.092
1.584 1.458 1.544
Average 1.174 1.132 1.160 1.155
Standard Deviation 0.307 0.252 0.289 0.302
Maximum 1.584 1.458 1.544 1.584
Minimum 0.845 0.845 0.845 0.845
Station 2 1.707 1.702 1.712
0.886 0.876 0.896
1.091 1.092 1.090
Average 1.228 1.223 1.233 1.228
Standard Deviation 0.349 0.350 0.348 0.370
Maximum 1.707 1.702 1.712 1.712
Minimum 0.886 0.876 0.896 0.876
Station 3 0.476 0.466 0.434
1.051 1.043 1.043
1.215 1.251 1.214
Average 0.914 0.920 0.897 0.910
Standard Deviation 0.317 0.332 0.335 0.348
Maximum 1.215 1.251 1.214 1.251
Minimum 0.476 0.466 0.434 0.434

Table 7. Bioconcentration factors (BCF) of Lead (Pb) contents of
blood cockle flesh, seawater, and sediments in Bangko District,
Rokan Hilir Regency, Indonesia.

Research  Flesh  Seawater Sediment  BAF of BAF of
Stations  (mg/kg) (mg/l) (mg/kg)  Seawater Sediment

Station 1 6.475 0.109 3.792 59.404 1.708
7.537 0.101 4.276 74.624 1.763
7.391 0.090 3.614 82.122 2.045
Station2  7.104 0.066 3.442 107.636 2.064
7.744 0.093 3.341 83.269 2.318
6.284 0.106 3.522 59.283 1.784
Station3  6.739 0.073 3.784 92.315 1.781
6.635 0.059 3.876 112.458 1.712
7.237 0.103 3.648 70.262 1.984

From BCF analysis, it can be seen that the blood cockle is an actual
bioaccumulator animal for Cu, where the Cu levels in its flesh are 115.609-
248.657 times higher than in the surrounding seawater. Cu levels in blood
cockle flesh were 3.562-11.586 times higher than in the surrounding
sediment. BCF > 1 indicates the mussels accumulated more metals in their
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tissues than in the sediment (Table 8). On the other hand, BCF < 1 shows
more metals in the sediments than in the blood cockle tissues (DeForest et
al. 2007).

Table 8. Bioconcentration factors (BCF) of Copper (Cu) contents of blood
cockle flesh, seawater, and sediments in Bangko District, Rokan Hilir
Regency, Indonesia.

Flesh  Seawater Sediment  BAF of BAF of
Research Stations (mg/kg) (mg/l) (mg/kg) Seawater Sediment

Station 1 5.176 0.043 0.845 120.372 6.125
6.816 0.046 1.092 148.174 6.242
7.307 0.056 1.529 130.482 4.779

Station 2 6.081 0.037 1.707 164.351 3.562
5.654 0.027 0.886 209.407 6.381
8.486 0.041 1.091 206.976 7.778

Station 3 5.318 0.046 0.459 115.609 11.586
8.703 0.035 1.046 248.657 8.320
6.262 0.033 1.227 189.758 5.104

Water Quality Analysis

The average temperature of the seawater during the study was
29.3-29.5 °C, the degree of acidity ranged from 7.50-7.9, and the salinity was
in the range of 20-22 ppt. The two chemical parameters measured, namely
dissolved oxygen (DO) and biological oxygen demand (BODs), ranged from
5.1-6.1 ppm and 1.5-4.1 ppm, respectively (Table 9).

Table 9. Water quality parameters around the blood cockle cultivation
area on the Bangko District, Rokan Hilir Regency, Indonesia.

Water quality parameters

Station Temperature (°C) pH  Salinity (ppt) DO (ppm) BODs(ppm)
29.4 7.79 20 5.5 25
I 29.3 7.76 21 5.1 2.8
29.5 7.74 22 5.4 24
29.5 7.67 20 5.8 1.5
I 29.6 7.69 21 5.3 2.3
29.4 7.70 22 5.4 2.0
294 7.69 20 6.1 4.1
1 29.5 7.50 21 6 3.3

20.6 7.67 22 5.8 2.9
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DISCUSSION

Pb levels

In blood cockle flesh, the Pb content from all stations and sampling collection
ranged from 6,218 -7,864 mg/kg, an indication that this organism has been
exposed to significant amounts of lead. The food safety standard reference
according to the FAO/WHO Codex Alimentarius sets the safe limit for Pb
content in seafood, especially molluscs, at a maximum of 1.5 mg/kg wet
weight (FAO 1983, FAO 1989). The average value of 7.016 mg/g has far
exceeded this limit, indicating a severe potential health risk. However, the
Food and Drug Administration (FDA) allows a maximum Pb limit of 10 ppm
(see Riza et al. 2021, Sanchez-Marin et al. 2019, Ulinuha & Perwira 2023).
This data is critical to evaluate because blood cockles are a food source that
humans often consume, and the accumulation of heavy metals such as Pb
can harm human health. The high Pb concentration in blood cockles most
likely originates from the aquatic environment in which they live (Hossen et
al. 2014, Mohamed et al. 2006).

In seawater, the Pb content from all stations and sampling collection
ranged from 0.022 to 0.111 mg/kg. Minister of Environment Decree No. 51
of 2004 (MER 2004) states the maximum limit of Pb content permitted in
seawater for various purposes in Indonesia. For example, for marine biota
purposes, this figure is a maximum of 0.008 mg/L. For recreational seawater,
the limit is 0.05 mg/L, and for protection of marine conservation areas, the
limit is stricter, namely around 0.005 mg/L. At all stations, the average Pb
metal content in seawater is 0.089 mg/L (DSME 2004). This figure far
exceeds the limits set for marine biota and is also higher than the limits for
recreational waters. This indicates that the waters are polluted, which can
endanger both marine life and human activities in the area (Benitez-
Fernandez et al. 2023).

In sediment, the Pb content from all stations and sampling collection
ranged from 3.249 to 4.286 mg/kg. If we look at the average Pb levels in
sediment, it can be said that these waters are still relatively safe. For
example, the United States Environmental Protection Agency (USEPA 2004)
sets a maximum limit for Pb levels in sediment of 47.82 mg/kg. Another
agency, the Swedish Environmental Protection Agency (SEPA 2000), sets a
lower limit, namely 25 mg/kg. Sources of lead pollution can include factories
that dump industrial waste containing heavy metals into water, which can
pollute the environment. Lead pollution in Rayer Bazaar primarily originated
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from adjacent battery recycling industries and other nearby industrial
activities. The study found extremely high lead concentrations in soil (up to
2157.1 mg/kg) and vegetative tissues, indicating severe environmental
contamination. Tannery and textile industries, although primarily associated
with chromium pollution, also contribute to lead contamination in areas where
they operate (Rikta et al. 2016). Mining activities that are not appropriately
managed can release heavy metals such as Pb into the water system. Mining
and e-waste processing activities released lead into the environment,
affecting both local ecosystems and human health (Poudel et al. 2023).
Heavy metal release into water from mining activities poses significant
environmental and health risks. Various studies highlight the mechanisms
and consequences of this pollution, particularly through acid mine drainage
(AMD) and direct contamination from mining operations. AMD results from
the exposure of sulfide minerals during mining, leading to increased acidity
and heavy metal leaching into water bodies (Mukherjee et al. 2024). Direct
discharges from mining activities, including runoff from tailings and waste
rock, contribute to heavy metal contamination (Hudson et al. 2018). Ship fuel
containing lead can also pollute seawater and affect marine biota (Sofiana et
al. 2024, Qian et al. 2023), including blood cockle.

Cu levels

In blood cockle flesh, the Cu content from all stations and sampling collection
ranged from 5.031-7.427 mg/kg. Based on standards set by various health
institutions, such as the FAO/WHO Codex Alimentarius, the Cu content in
seafood is generally not regulated as strictly as other heavy metals such as
lead (Pb), mercury (Hg), or cadmium (Cd). This is considering that Cu is an
essential metal that the human body needs in small amounts. Copper (Cu)
is an essential trace element crucial for various physiological functions in the
human body. It plays a significant role in enzyme activity, energy production,
and the maintenance of connective tissues. The body requires approximately
1.0 to 1.5 mg of copper daily, with most intake derived from dietary sources
such as grains (Aggett 2023). Cu is vital for enzymes like cytochrome c
oxidase, which is essential for cellular respiration, and superoxide dismutase,
which protects against oxidative stress (Hara 2022). The metal is involved in
the synthesis of catecholamines through dopamine B-hydroxylase (Aggett
2023). Copper supports the cross-linking of elastin and collagen, crucial for
bone strength and tissue integrity (Vetlényi & Racz 2020). Copper is primarily
absorbed in the small intestine, with about 60-70% of dietary copper being
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utilized. The body also recycles copper through gastrointestinal secretions
(Hara 2022). However, Cu levels in seafood still need to be monitored since
a high concentration can still be dangerous. The safe limit for Cu in seafood
usually ranges from 10 to 30 mg/kg. In this study, data from all stations reveal
that Cu metal of 5.141-8.693 mg/kg in blood cockles is far below the safe
limit, so it is considered safe for consumption and does not pose a direct
health risk to humans (FAO 1989).

In seawater, the Cu content from all stations and sampling collection
ranged from 0.024 to 0.060 mg/kg. Of all stations, the highest Cu metal
content in seawater was 0.0560 mg/L. Based on the Decree of the State
Minister for the Environment No. 51 of 2004 concerning seawater quality
standards in Indonesia, the maximum limit for copper (Cu) content in
seawater varies according to its use. Class | (for marine biota and
conservation areas) is 0.008 mg/L. Class Il (for marine recreation activities,
aquaculture, and marine tourism) is 0.01 mg/L. Class Il (for port and
industrial waters) is 0.05 mg/L. Based on this data, the value of 0.0560 mg/L
exceeds the safe limit for marine biota and marine recreational activities,
which are only 0.008 mg/L and 0.01 mg/L, respectively. This means that
seawater at all research stations has much higher levels of Cu to support the
survival of marine biota or for recreational and cultivation activities. However,
this Cu content is almost equivalent to the maximum limit for industrial and
port seawater (0.05 mg/L), indicating that these waters may be located near
industrial areas or ports that have copper pollution activities (DSME 2004).

The Cu content in seawater can come from various anthropogenic
sources. For example, waste disposal from metal processing, chemical, or
manufacturing industries near coastal areas often contains heavy metals,
including Cu. Organic wastes are notable sources of Cu contamination in
agricultural soils, with Cu(l) and Cu(ll) species varying during treatment
processes. In Brazil, Cu from organic waste contributes to moderate soil
contamination levels, alongside other sources like antifouling paints and
mining tailings (Poggere et al. 2023). Electronic waste, particularly from
discarded electronics, is a rapidly growing source of Cu. Studies show that
printed circuit boards (PCBs) contain high Cu concentrations, with extraction
methods yielding up to 82% Cu recovery (Hsu et al. 2021, Olubanjo et al.
2015). Shipping and port activities use Cu in anti-fouling paint on ship hulls
to prevent the growth of marine organisms; when this paint dissolves, copper
can pollute seawater (Elmas et al. 2021). Agricultural waste, pesticides, and
fertilizers containing copper carried by water run-off from agricultural land
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can pollute seawaters (Comber et al. 2023, Zalewska et al. 2024).

In the surrounding sediment, the Cu content from all stations and sampling
collection ranged from 0.434 to 1.712 mg/kg. Cu levels in sediment in this
study appear to still be below the standard threshold. The United States
Environmental Protection Agency (USEPA 2004) set a Cu sediment level of
49,98 mg/kg. The Swedish Environmental Protection Agency (SEPA 2000)
set the Cu sediment maximum level of 15 mg/kg.

Decree of the Minister of Environment of the Republic of Indonesia in
Indonesia, standards for Cu content in marine sediments vary depending on
the type of water. For public or industrial waters, Cu concentrations below
20-30 mg/kg are considered reasonable and not dangerous. For
conservation areas or more sensitive ecosystems, this limit may be lower.
The highest Cu content of 6.761 mg/kg in blood cockle flesh is relatively low
and is not considered a dangerous level. However, monitoring is still needed
to ensure that there is no increase in levels of this metal in the long term
(DSME 2004).

The average Cu concentration in sediments is generally below
established guidelines, but maximum levels can indicate significant
contamination. While the hazard index for Cu exposure is typically below 1,
indicating low non-carcinogenic risk, specific locations show elevated risks,
particularly for children. Some studies suggested that local point sources
contribute to Cu levels, with some sediments exceeding 500 mg/kg,
particularly in regions like China (Yap et al. 2022). Cu-based antifouling
paints are a primary anthropogenic source of Cu contamination, particularly
in marinas, where sediment cores show varying Cu isotope compositions,
indicating complex interactions between Cu sources and sediment
deposition (Briant et al. 2022, Little et al. 2017).

Bioconcentration factors

The bioconcentration factors (BCFs) of lead (Pb) and copper (Cu) are critical
in understanding how these metals accumulate in aquatic organisms and
their potential ecological risks. BCFs are used to assess the extent to which
organisms can concentrate metals from their environment, providing insights
into pollution levels and potential hazards to aquatic life and humans. The
blood cockle is an actual bioaccumulator animal for Pb, where the Pb levels
in its flesh were 59.283-112.458 and 1.784-2.318 times higher than in the
surrounding seawater and sediment, respectively. A similar result was also
noted for Cu, where the Cu levels in its flesh are 115.609-248.657 and 3.562-
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11.586 times higher than in the surrounding seawater and sediment. BCF >
1 indicates the mussels accumulated more metals in their tissues compared
to their surrounding area.

The bioconcentration factors (BCFs) of cockles, particularly the blood
cockle (Anadara granosa) and common cockle (Cerastoderma edule), reveal
significant insights into their ability to accumulate heavy metals and other
contaminants from their environment. These factors are crucial for
understanding the ecological risks associated with heavy metal exposure in
coastal ecosystems. A. granosa has shown high bioconcentration factors for
metals such as cadmium (Cd) and mercury (Hg), with maximum
concentration factors (CFM) reaching 166 for Hg (Srisuksawad &
Prasertchiewchan 2007). Ecological monitoring of C. edule demonstrated
bioaccumulation of trace elements like nickel (Ni), copper (Cu), and zinc (Zn),
which were used as ecological indices for assessing sediment
contamination. The bioaccumulation patterns varied significantly based on
sediment quality, highlighting the importance of environmental conditions in
determining BCFs (Lobo et al. 2010).

Water Quality Analysis

Based on water quality standards for fish cultivation needs (INS 2008, Rice
& Bridgewater 2012, MER 2014), it appears that these waters are quite
optimal and can support the normal life of biota around the blood cockle
cultivation area.

CONCLUSIONS

Pb levels in blood cockle flesh have far exceeded the threshold. Laboratory
analysis revealed that Pb contents in blood cockle flesh, seawater, and
sediment ranged between 6.218 -7.864 mg/kg, 0.022-4.286 mg/L, and 3.249-
7.134 mg/kg, respectively. However, the Cu content in water and sediment
was still below the threshold. The Cu content ranged between 5.031-7.427
mg/kg, 0.024-1.707 mg/L, and 0.434-1.251 mg/kg, respectively. Cu levels
were still below the threshold for all samples.
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