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ABSTRACT
The research objectives are: 1) to analyze several parameters of the aquatic environment that
affect the lead accumulation in shellfish body (Anadara granosa (Linnaeus, 1758)) at eastern coastal
waters of Muara Gembong sub-district by using multiple regression analysis, 2) to reduce the variables
through principal component analysis to reduce the research cost for monitoring of lead pollution in the
next time, and 3) to analyze the location which has similar characteristics of lead accumulation by using
hierarchical cluster analysis. Based on the multiple regression analysis, the lead concentration in water,
lead concentration in sediment, and sulfur concentration in sediment has a very significant correlation
(P < 0.01) to the lead accumulation in shellfish body. In contrast, COD of waters has a significant
correlation (P < 0.05), which correlation coefficient (R) is 0.97. Through the principal component
analysis, the lead concentration in sediment, COD of waters, and sulfur concentration in sediment gives
the most variance contribution to the total data variance. Therefore, those variables are sufficiently used
to monitor lead pollution on shellfish at the Muara Gembong sub-district's coastal waters. Cluster
analysis shows that the location is agglomerated to be 3 clusters, which coastal water of Southern
Bahagia Beach and Western Mekar Beach has highly similar lead accumulation characteristics.
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1. INTRODUCTION
The coastal waters of Muara Gembong Sub-district include waters heavily polluted by
domestic waste, industrial waste, and agricultural waste, including pond waste [1]. However,
these waters are still an intensive fishing area, both demersal and pelagic fish. According to [1],
the waters of Pantura (West Java) are a water area that has experienced overfishing, especially
pelagic fish. In this condition, local fishers are increasingly directing their efforts to find
demersal fish with economic value. One type of demersal that attracts many traditional fisheries
is sea shellfish fishing. This business is very stimulating because, in addition to market demand,
which tends to increase, it also has competitive prices [1-5].
However, behind all these interesting factors, one thing that has received less public
attention is the shells' heavy metal content. One of the heavy metal elements harmful to human
health is the heavy metal lead (Pb). [5-7] stated that shellfish are marine animals that most
efficiently accumulate heavy metals. This is because shellfish live in the bottom of the water's
sediment layer, move very slowly, and their food is detritus at the bottom of the water, so the
chance of heavy metals entering the body is substantial. In the condition of heavily polluted
coastal waters of Muara Gembong Sub-district, the heavy metal content in consumption shells
may have exceeded the permitted threshold. Minamata Disease (Minamata Disease) in Japan
in the 1950s, which brought many victims, is an example of heavy metal poisoning through the
consumption of fish from the sea and is categorized as a world tragedy.
The heavy metal lead is very toxic, has bio accumulative properties in the body of
organisms, and will continue to accumulate until the organism is no longer able to tolerate the
heavy metal content of lead in its body [8-12]. Due to the bio accumulative nature of lead-heavy
metal, can occur that the concentration of this heavy metal in dissolved form in water is
relatively low, in sediment it increases due to physical, chemical, and biological processes in
aquatic animals and the body of aquatic animals increases several times (biomagnification).
Due to the very high toxicity of lead-heavy metal, the waste containing heavy metal is
classified into Hazardous and Toxic Waste, whose control is regulated explicitly in government
regulations with tighter Quality Standards. The permissible levels of lead-heavy metal in water
for aquatic life are a maximum of 0.03 ppm, a maximum of 0.01 ppm in drinking water, and a
maximum of 0.02 ppm in fish bodies [10-14]. Therefore, the measurement of the heavy metal
lead in shellfish is critical because shellfish are an essential food material for the community
and can be a link in the chain for the transfer of heavy metal lead into the human body.
Accumulation of heavy metals in the bodies of aquatic animals according to [12-13] is
influenced by many factors, including: (1) levels of heavy metals in water, (2) levels of heavy
metals in sediment, (3) pH of water and pH of bottom sediments of waters, (4) water pollution
level in the form of COD (Chemical Oxygen Demand), (5) sulfur content in water and sediment,
(6) types of aquatic animals, (7) age and body weight, and 8) life phase (eggs, larvae).
Furthermore, [14-17] explain, if the concentration of heavy metals is high in water, there is a
tendency for the heavy metal concentration to be high in the sediment, and the accumulation of
heavy metals in demersal animals becomes higher than as it was. If COD in waters is relatively
high, there is a tendency for heavy metal content in water and sediment to be high because COD
indicates non-biodegradable organic matter levels, which generally come from industrial waste.
Likewise, sulfur (S) levels in sediments also affect the content of heavy metals in sediments
because the element sulfur is elementary to bind with heavy metals to form metal-sulfides,
which settle on the bottom of the waters [13-14].
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Besides, water pH and sediment pH also affect the accumulation of heavy metals in the
bodies of aquatic animals because the lower the pH of the water and the pH of the sediments;
the heavier metals dissolve in water (ionic form) so that, the easier it is to enter the bodies of
aquatic animals, either through gills, food material or by diffusion. Thus, analyzing several
factors that influence the accumulation of heavy metals in aquatic animals' bodies is essential
so that measures can be taken to minimize these factors' influence to prevent possible poisoning
in humans due to consuming food sourced from marine waters.
When the heavy metal lead enters the human body, the heavy metal will be accumulated
in the body's tissues and cannot be excreted any longer outside the body. At levels that are
already high in the human body, it will cause severe harmful impacts, namely: (1) inhibiting
enzyme activity so that metabolic processes are disrupted, (2) causing chromosomal
abnormalities (genes), (3) inhibiting fetal development, (4) reducing female fertility, (5) inhibits
spermatogenesis, (6) reduces peripheral nerve conduction, (7) inhibits hemoglobin formation,
(8) causes kidney damage, (9) causes blood deficiency or (anemia), (10) swelling of the head
(encephalopathy), and (11) causing emotional and behavioral disorders [12-14].
The objectives of the study were: (1) to find out some of the factors that influence the
accumulation of heavy metal lead in blood clams (Anadara granosa) in coastal waters of Muara
Gembong sub-district through multiple linear regression, (2) reduce data for cost and time
efficiency. Future research in monitoring lead heavy metal pollution in the coastal waters of
Muara Gembong Sub-district through principal component analysis and (3) knowing the
locations of waters in the coastal area of Muara Gembong Sub-district have similar
characteristics the accumulation of heavy metals through fingerprints cluster (cluster analysis).
The uses of this research are: (1) as a contribution of information to local governments
and the community in efforts to control lead heavy metal pollution in coastal waters of Muara
Gembong Sub-district, and (2) it can be used as input in determining the main variables to be
measured for monitoring lead heavy metal pollution. In the coastal waters of Muara Gembong
Sub-district in the future as an effort to reduce monitoring costs.

2. RESEARCH METHOD
This research was conducted in the coastal waters of Muara Gembong Sub-district, which
has an area of 122.90 Km2, consisting of 6 (six) coastal areas, namely Bahagia Beach, Bakti
Beach, Sederhana Beach, Mekar Beach, Jaya Sakti Beach, and Harapan Jaya Beach. The
selection of research locations is based on the following considerations: (a) these coastal waters
have a large population of blood clams, and (b) the coastal waters of Muara Gembong Subdistrict have been contaminated with various types of industrial, domestic, and agricultural
waste. These locations include the waters of (1) Eastern Bakti Beach, (2) Western Bakti Beach,
(3) Northern Bahagia Beach, (4) Southern Bahagia Beach, (5) Northern Sederhana Beach
Beach, (6) Southern Sederhana Beach, (7) Eastern Mekar Beach, (8) Southern Harapan Jaya
Beach, (9) Northern Harapan Jaya Beach, and (10) Western Mekar Beach. This research took
place from March to June 2020.
2. 1. Data Collection Method
The method used in this research is the field survey method. Primary data were obtained
from the results of parameter measurements in the sample from the study location. A sampling
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of shells was carried out randomly (random sampling), which was obtained from 3 points of
the bottom water location (replication), and at the same time taking samples of the bottom water
mud in each coastal area. Meanwhile, water samples were taken from the upper water layer
with the same repetition. They took water samples only from the surface because the depth of
the water is relatively shallow (2 - 3 m). The lead in the sample's heavy metal content was
analyzed using AAS (Atomic Absorption Spectronic) and other parameters using standard
procedures from APHA (1992).
The parameters measured in this study were 7 (seven), namely: (1) heavy metal content
of lead in blood shellfish (ppm), (2) heavy metal content of lead in water (ppm), (3) heavy metal
content of lead in water. Bottom sediment waters (ppm), (4) water pH, (5) bottom sediment pH,
(6) water COD content (ppm), and (7) sulfur content in sediment (ppm).

Figure 1. The research location of the coast of Muara Gembong Sub-District

2. 2. Data Analysis
2. 2. 1. Multiple Regression
To see the relationship of several factors that are strongly suspected to influence the
accumulation of heavy metal lead in blood shellfish, multiple regression is used with the model:
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Yj = βo + β1X1j + β2X2j + β3X3j + β4X4j + β5X5j + β6X6j + εj
where Yj is the content of heavy metal Pb in the shells body at location j (ppm), X1 is the
content of heavy metal Pb in water (ppm), X2 is the content of heavy metal Pb in the bottom
sediment of waters (ppm), X3 is the pH of the water, X4 is the pH of the bottom sediment, X5
is COD (ppm), and X6 is sediment sulfur content (ppm).
In this regression fingerprint, it can be seen that the partial correlation coefficient (r) of
the relationship of each independent variable (X1 - X6) with the dependent variable (Y) and the
actual level. Besides, to see whether the multiple linear regression model used is good enough
as an estimator model, the coefficient of determination (R2) of the regression equation generated
in the investigation will be seen.
2. 2. 2. Principal Component Analysis
In terms of cost efficiency and time of researching the same topic in the future (monitoring
heavy metal pollution), it would be nice if it could be determined which variables (2 or 3
variables) predominantly explain the variety structure of the observational data, so that
measuring these variables is good enough to explain the problem being studied. This needs to
be done considering the cost of analyzing heavy metal content in the sample is quite expensive
because it uses Specthronic Atomic Absorption (AAS) equipment.
According to [17-18], the principal component analysis is one of the data reduction
methods so that most of the variety of observational data (about 70%) can be explained by new
components without any significant loss of information. The new component is a linear
combination of variables that provides the widest variety and is not correlated, which is
indicated by the enormous value of the feature's root or the vector of the variable's feature. By
knowing the factors that significantly influence the accumulation of lead-heavy metal in blood
clams, it is sufficient for future research (monitoring) to measure these parameters without any
significant loss of information, so that it is very helpful in cost efficiency and time for
conducting pollution research heavy metal in coastal waters of Muara Gembong Sub-District.
2. 2. 3. Cluster analysis
To find out the locations of the coastal waters of Muara Gembong Sub-district, which
have almost the same characteristics, both in the accumulation of heavy metal lead in the shells
and the aquatic environmental factors that influence it, a cluster analysis was carried out on the
research data using the Euclidean Vector Distance. According to [18-19], vectors that are the
same distance show the degree of similarity of the measured variables' characteristics. This
analysis is quite useful to explain the location of waters that have the same characteristics as
the problem being studied so that the location of the waters in the coastal area of Muara
Gembong Sub-district should be given priority in handling lead heavy metal pollution, the
handling method to be used and the budget.

3. RESULTS AND DISCUSSION
3. 1. The Influence of Aquatic Environmental Factors
Based on the results of measurements of the heavy metal content of lead in the body of
blood clams in 10 research locations, it turns out that the heavy metal content of lead in blood
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clam samples originating from the coastal waters of Southern Bahagia Beach and Western
Mekar Beach has exceeded the threshold allowed by the Ministry of Health, which has
exceeded 0.02 ppm. The average heavy metal lead content in blood clams in the coastal waters
of Southern Bahagia Beach reached 0.042 ppm, and Western Mekar Beach reached 0.03 ppm
(Table 1).
The high levels of heavy metal lead in the two research locations are thought to be caused
by industrial waste and other wastes containing heavy metal lead, which enter coastal waters
through river flows. The Southern Bahagia Beach area is the center of industry, trade, and the
port of Bekasi District so that the coastal waters of Southern Bahagia Beach become a storage
place for various types of waste carried through the Bekasi River. Likewise, the Western Mekar
Beach has the same characteristics as Southern Bahagia Beach, which is characterized by a
dense population, heavy traffic, industrial, trade, and port centers, so that the waters of Western
Mekar Beach have a great chance of being contaminated with waste containing heavy metals
lead. Seeing that the content of lead metal has exceeded the permitted threshold, the Bekasi
District government and Western Mekar Beach must take serious action in controlling the heavy
metal pollution of lead through the implementation of Law no. 23/1997 on Environmental
Management in Indonesia, and the implementation of a more stringent waste quality standard
(emission standard). The heavy metal lead can enter the human body through the food chain
sourced from the sea, such as shellfish, and can have harmful effects on human health.
Table 1. Heavy Metal Content of Lead in Blood Shell Body, and Several Environmental
Factors that Affect It in Coastal Waters of Muara Gembong Sub-district.
Water spot

Y

X1

X2

X3

X4

X5

X6

Eastern Bakti
Beach

0.008

0.0002

0.0005

6.8

6.3

135.42

0.23

Western Bakti
Beach

0.011

0.0008

0.0012

6.7

6.1

140.24

0.27

Northern Bahagia
Beach

0.016

0.0010

0.0018

6.2

6.0

158.42

0.34

Southern Bahagia
Beach

0.042

0.0013

0.0030

6.2

6.0

180.52

0.52

Northern
Sederhana Beach

0.014

0.0010

0.0012

6.3

6.2

160.23

0.32

Southern
Sederhana Beach

0.005

0.0001

0.0008

6.9

6.5

124.60

0.16

Eastern Mekar
Beach

0.012

0.0008

0.0010

6.6

6.2

145.83

0.26

Western Mekar
Beach

0.033

0.0022

0.0028

6.4

6.1

172.24

0.46
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Northern Harapan
Jaya Beach

0.013

0.0008

0.0012

7.0

6.7

112.42

0.12

Southern Harapan
0.018 0.0012 0.0014
6.8
6.5
124.25 0.18
Jaya Beach
Note: bold print shows the content of heavy metal lead exceeds environmental quality
standards, Y = content of heavy metal lead in the body of blood shells (ppm), X1 = content of
heavy metal lead in water (ppm), X2 = content of heavy metal lead in bottom sediments (ppm),
X3 = ph of water (pH unit), X4 = pH of bottom sediment (pH unit), X5 = COD of waters (ppm),
and X6 = sulfur content in sediment (ppm).

Based on the regression analysis results of the relationship between the independent
variables (X1, X2, X3, X4, X5, and X6) and the dependent variable Y, the results show that the
coefficient of determination (R2) is 0.94 and the R-value is 0.97. By looking at this correlation
value, it can be stated that about 97% of the Y variable (heavy metal accumulation of lead in
the blood shellfish body) can be explained by the measured variables, and only about 3% is due
to other factors. The estimation of the multiple linear regression equation is:
Y = - 0.006 + 0.070 X1 + 3.694 X2 – 0.012 X3 – 0.024 X4 + 0.00072 X5 + 0.191 X6
Based on the regression equation, it can be seen that the variable coefficients X1, X2, X5,
and X6 are positive, while the variables X3 and X4 are negative. This implies an increase of 1unit changes X1, X2, X5, and X6 causes an increase in the Y variable, respectively by 0.070;
3.694; 0.0007 and 0.191, while the reduction of 1-unit X3 and X4 causes the Y variable to
decrease by 0.0123 and 0.0238 units. In other words, the increase in the levels of heavy metal
lead in water and bottom sediments causes an increase (positive effect) of lead-heavy metal
accumulation in the body of blood clams.
This situation is due to the heavy metal's relatively large opportunity to enter the shells
because it lives in the bottom layer of waters (benthos). As stated by [19-22], an increase in
heavy metal levels in the water will cause an increase in heavy metal levels in sediments due to
physical, chemical, and biological processes in water, and the implication is that the
accumulation of heavy metals in essential animal bodies such as shells will be higher because
animals it moves very slowly and feeds on detritus in the bottom sediments of the waters. While
the pH of the water and the pH of sediment reduce the accumulation of heavy metal lead in
shellfish bodies. As explained by [23], the higher the acidity (pH), the lower the solubility of
heavy metals in water and bottom sediments, thereby reducing heavy metals' chance to enter
the shells.
The regression analysis also shows that the increase in the sediment's sulfur content
causes the accumulation of heavy metal lead in the blood shellfish body. This stuff is because
the element sulfur (S) easily binds to heavy metals to form metal-sulfides that settle on the
bottom of the waters [23-26], so there is a big chance of being eaten shellfish that live on the
bottom of the water. Likewise, with water COD levels, it turned out to positively affect the
accumulation of heavy metal lead in shellfish bodies. This is in line with the explanation from
[24-25] that COD levels indicate organic matter levels in water that are not biodegradable (nonbiodegradable matter) and can only be broken down by potent oxidizing agents, which are
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generally sourced from industrial waste. And have the opportunity to contain heavy metals
(dangerous waste).
To see the partial correlation between variables and the actual level, then, in summary,
the correlation values are shown in Table 2. From this table, it can be seen that the relationship
between variables is generally healthy and very real (p < 0.01). This means that the
accumulation of the heavy metal lead in the coastal water environment components affects each
other. In this case, the levels of heavy metal lead in water are influenced by the pH and COD
of the waters, and the levels of heavy metal lead in water will affect the levels of heavy metal
lead in sediments, and the levels of heavy metal lead in sediments will affect the sulfur content
in the sediment, and vice versa. Sulfur in sediments also affects the levels of heavy metal lead
in bottom sediments. The content of the heavy metal lead in the sediment will affect the heavy
metal content of lead in the blood shellfish body. All of these conditions are consistent with the
chemical characteristics of heavy metals in the aquatic environment.
Table 2. Coefficient of Partial Correlation Between Variables.
Variable

Y

X1

X2

X3

X4

X5

X6

Y

1

0.79**

0.96**

- 0.63

- 0.49

0.75*

0.85**

X1

0.79**

1

0.84**

- 0.55

- 0.41

0.62

0.68*

X2

0.96**

0.84**

1

- 0.67*

- 0.54

0.76*

0.85**

X3

- 0.63

- 0.55

- 0.67*

1

0.87**

- 0.93**

- 0.87**

X4

- 0.49

- 0.41

- 0.54

0.87**

1

- 0.89**

- 0.85**

X5

0.75*

0.62*

0.76*

- 0.93**

- 0.89**

1

0.98**

X6

0.85**

0.68*

0.85**

- 0.87**

- 0.85**

0.98**

1

Note: ** correlation is very real (p < 0.01) and * real (p < 0.05)

Besides, there is also a negative correlation between variables, which indicates an
antagonistic relationship. Based on Table 2, it can be seen that two variables, namely X3 (pH
of water) and X4 (pH of sediment), have a negative partial correlation coefficient to Y. This is
in line with the discussion above, where these two variables are reducing the accumulation of
heavy metal lead in shellfish bodies, blood. However, water pH and sediment pH have a weak
relationship with Y. This is thought to be because the pH of the water and the pH of the bottom
sediments of the waters in all research locations are relatively the same (small variations), as in
coastal waters (sea) which have a relatively large buffer capacity, so that the pH is relatively
stable in the range of neutral [26-30].
The pH value of water is below seven because the water sampling location is still
influenced by the mass of river water flowing into coastal waters with salinity ranging from 2025 ppt. This figure is relatively lower than the pH of the coastal waters of Muara Gembong
Sub-district which is far from the influence of river water masses that generally have a pH
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ranging between 7.4 - 7.8 with a salinity of 30-33 ppt. Based on the description, it can be stated
that the parameters of water pH and sediment pH are not suitable to be used as parameters for
monitoring the levels of heavy metal lead in coastal waters of Muara Gembong Sub-district in
the future.
3. 2. Data Reduction through Principal component analysis
As previously explained, Principal component analysis aims to reduce data by finding 2
or 3 main components (new factors) of the original variable based on the data obtained. Based
on the Principal component analysis of the data in Table 1 with seven variables (Y to X6), it
was found that with three new factors, 97% of the variety of measurement data could be
explained by new factors. The total accumulation of this variety, amounting to 79.12%, is
explained by the first principal component (F1), 13.24% by the second principal component
(F2), and 3.54% by the third principal component. The total variance explained for each
component is shown in Table 3.
Table 3. Total Variety Described by Each Component.

Principal
component

Initial Eigenvalues (Characteristics)
Total

% Variety

% Cumulative

1

5.54

79.12

79.12

2

1.00

14.34

93.47

3

0.25

3.54

97.04

To find out the original variable which greatly influenced the new factor or gave the most
considerable variance contribution to the main component, an analysis of the contribution of
the original variable variance was carried out based on the length of the feature vector to the
main component, and the results are shown in Table 4.
Table 4. Characteristic Vector Analysis of Main Components.
Component

Variable
(Water Environment Parameters)

1

2

3

X2 (Pb levels in the sediment)

0.981

- 0.101

0.114

X5 (COD of water)

0.958

- 0.244

0.025

X6 (sulfur content in the sediment)

0.905

0.376

0.112
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Based on Table 4, it can be seen that the variables X2, X5, and X6 have the most
considerable vector length relative to the first principal component. It means that in the first
main component, these three variables contribute the most considerable variance to the
observed data. Thus, the levels of lead in sediments, COD, and sulfur levels in sediments are
sufficient to be used as variables in studying the heavy metal content of lead in blood clams in
coastal waters of Muara Gembong Sub-district in the future. By only measuring 3 (three)
parameters, it is beneficial to reduce the cost and time of researching the future for monitoring
activities of heavy metal pollution in the coastal waters of Muara Gembong Sub-district.
If these three original variables (X3, X5 and X6) are regressed against Y, then an estimate
of the new regression equation is obtained, namely: Y = 0.033 + 9,530 X2 - 0.00038 X5 + 0.089
X6 with R2 = 0.94. The coefficient of determination that remains high proves that these three
variables are valid enough to estimate the levels of lead-heavy metal accumulation in blood
clams in coastal waters of Muara Gembong Sub-District.
3. 3. Grouping of Locations through cluster analysis
Cluster analysis of the research data was carried out based on the dissimilarity of
parameter characteristics measured at each water location using the Euclidean distance. The
inequality matrix by water location is presented in Table 5.

Southern Harapan
Jaya Beach
11.172
34.179
56.276

15.996

Northern Harapan
Jaya Beach
23.005
46.013
68.110

27.828

Western Mekar
Beach
36.783
13.782
8.323

31.962

Eastern Mekar Beach
10.412
12.598
34.694

5.592

Southern Sederhana
Beach
10.823
33.831
55.928

15.647

Southern Bahagia
Beach
24.815
19.994
1.824

22.101
0.000

20.292

Southern Bahagia
Beach
45.106

0.000
22.101

40.284

Northern Bahagia
Beach
23.010

18.187

Southern
Bahagia
Beach

40.284

18.187

Western Bakti Beach
4.825

23.010

0.000

Eastern Bakti Beach

Northern
Bahagia
Beach

45.106

Western
Bakti
Beach

0.000

Eastern
Bakti
Beach

4.825

Coastal Water Spot

Table 5. Inequality Matrix Based on Water Location.
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35.985
0.365
21.583
11.834
0.000

47.954

47.818
12.182
33.416
0.000
11.834

59.787

11.972
47.605
26.372
59.787
47.954

0.000

14.403
21.234
0.000
33.416
21.583

26.372

35.637
0.000
21.234
12.182
0.365

47.605

0.000
35.637
14.403
11.972
47.818
35.985

20.292
55.928
34.694
68.110
56.276

8.323

1.824
33.831
12.598
46.013
34.179

13.782

19.994
15.647
5.592
31.962

10.823
10.412

27.828

Northern
Harapan
Jaya
Beach
Southern
Harapan
Jaya
Beach

15.996

Western
Mekar
Beach

36.783

Eastern
Mekar
Beach

23.005

Southern
Sederhana
Beach

11.172

Northern
Sederhana
Beach

24.815
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The results of clustering with the principle of agglomeration produce three groups
(clusters), namely: (a) Group I consist of water locations: Eastern Pantai Bakti, Western Pantai
Bakti, and Eastern Mekar Beach, (b) Group II consists of water locations: Northern Bahagia
Beach, Southern Bahagia Beach, Northern Sederhana Beach, and Western Mekar Beach, and
(c) Group III consisting of water locations: Southern Sederhana Beach, Northern Harapan Jaya
Beach, and Southern Harapan Jaya Beach.
This implies that each cluster of water locations has the same characteristics of lead-heavy
metal accumulation in the blood shellfish body and several other measured parameters.
Knowing these similarities can determine the location of the waters that need to get priority in
controlling lead heavy metal pollution.
From this analysis, it can also be stated that the coastal waters of Southern Bahagia Beach
and Western Mekar Beach have a relatively high degree of similarity in the accumulation of
heavy metal lead in blood clam bodies. This is supported by the fact that Southern Bahagia
Beach and Western Mekar Beach have a densely populated area, centers of industry, trade, port
activities, and locations for intensive shrimp ponds. T
herefore, it is very logical that the coastal waters in these two cities are polluted by various
types of waste, including lead heavy metal pollutants, and in fact, the accumulation of heavy
metals is relatively high in the body of blood clams exceeds the permitted threshold.
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4. CONCLUSIONS
Heavy metal levels of lead in water (X1), in sediments (X2), and sulfur levels in sediments
(X6) were highly correlated (p < 0.01) to the accumulation of heavy metal lead in blood
shellfish (Y), while water COD (X5) significantly correlated (p < 0.05), and water pH (X3) and
basic sediment pH (X4) were not significantly correlated (p > 0.05). The correlation coefficient
shows that 97% of the accumulation of heavy metal lead in the blood shellfish body can be
explained by the six measured variables, with the regression equation: Y = - 0.006 + 0.070X1
+ 3.694X2 - 0.012X3 - 0.024X4 + 0.0072X5 + 0.191X5
The principal component analysis produces three main variables, namely levels of heavy
metal lead in sediments (X2), COD levels in waters (X5), and levels of sulfur in sediments
(X6), which can be used in research or monitoring levels of heavy metal lead in the body of
blood clams in the water coastal Muara Gembong Sub-district in the future.
The cluster analysis resulted in three groups of locations that have the same characteristics
of the aquatic environment in the accumulation of heavy metals, namely the first group is the
coastal waters of Eastern Bakti Beach, Western Bakti Beach, and Eastern Mekar Beach, the
second group, is Northern Bahagia Beach, Southern Bahagia Beach, northern Sederhana Beach,
and western Mekar Beach, and the third group is southern Sederhana Beach, northern Harapan
Jaya Beach and southern Harapan Jaya Beach.
The coastal waters of Southern Bahagia Beach and Western Mekar Beach have a
relatively high degree of similarity in the accumulation of heavy metal lead in blood shellfish
bodies and other measured parameters. The levels of heavy metal lead in the blood shellfish
bodies in these two locations have exceeded the permitted threshold (> 0.02 ppm), so that it
needs serious attention from the local government for its control.

Acknowledgments
The authors wish to thank Universitas Padjadjaran and the Center for fisheries development and regional
management studies, which supported the study

References
[1]

Achmad Rizal, N. Akbarsyah, P. Kdyp, R. Permana, A. Andhikawati. Molecular
diversity of the bacterial community associated with Acropora digitifera (Dana, 1846)
corals on Rancabuaya coastline, Garut District, Indonesia. World Scientific News, 144
(2020) 384-396

[2]

Liu, P., Wang, J., Sangaiah, A., Xie, Y., Yin, X. Analysis and prediction of water
quality using LSTM deep neural networks in the IoT environment. Sustainability 11
(2019) 2058. https://doi.org/10.3390/su11072058

[3]

Lu, H., Ma, X. Hybrid decision tree-based machine learning models for short-term
water quality prediction. Chemosphere 249 (2020) 126169.
https://doi.org/10.1016/j.chemosphere.2020.1261

[4]

Z. Anna, A.A.H. Suryana I. Maulina, A. Rizal, & P Hindayani. Biological parameters of
fish stock estimation in Cirata Reservoir (West Java, Indonesia): A comparative
-76-

World Scientific News 153(2) (2021) 65-79

analysis of bio-economic models. Biodiversitas Journal of Biological Diversity 18 (4)
(2017) 1468-1474
[5]

Chen, K., Chen, H., Zhou, C., Huang, Y., Qi, X., Shen, R., Liu, F., Zuo, M., Zou, X.,
Wang, J., Zhang, Y., Chen, D., Chen, X., Deng, Y., Ren, H. Comparative analysis of
surface water quality prediction performance and identification of key water parameters
using different machine learning models based on big data. Water Res. 171 (2020)
115454. https://doi.org/10.1016/j.watres.2019.115454

[6]

Droogers, P., Immerzeel, W.W., Terink, W., Hoogeveen, J., Bierkens, M.F.P., Van
Beek, L.P.H., Debele, B. Water resources trends in Middle East and North Africa
towards 2050. Hydrol. Earth Syst. Sci. 16, (2012) 3101-3114

[7]

Ewaid, S.H., Abed, S.A., Kadhum, S.A. Predicting the Tigris River water quality within
Baghdad, Iraq by using water quality index and regression analysis. Environ. Technol.
Innov. 11 (2018) 390-398. https://doi.org/10.1016/j.eti.2018.06.013

[8]

Ewaid, S.H., Kadhum, S.A., Abed, S.A., Salih, R.M. Development and evaluation of
irrigation water quality guide using IWQG vol 1 software: A case study of AlGharraf
Canal, Southern Iraq. Environ. Technol. Innov. 13 (2019) 224-232.
https://doi.org/10.1016/j.eti.2018.12.001

[9]

Ewaid, S.H., Abed, S.A. Water quality assessment of Al-Gharraf River, South of Iraq
using multivariate statistical techniques. J. Al-Nahrain Univ. 20 (2017) 114-122.
https://doi.org/10.22401/juns.20.2.16

[10] Achmad Rizal, & I. Nurruhwati. Analysis of the effect of city growth on the
development of the hinterland region In Cianjur Regency. World Scientific News, 115
(2019) 260-26
[11] Achmad Rizal, Y. Dhahiyat, Y. Andriani, A. A. Handaka, & A. Sahidin. The economic
and social benefits of an aquaponic system for the integrated production of fish and
water plants. IOP Conference Series: Earth and Environmental Science, 137 (1) (2018)
012098
[12] F. Ahmad, L.P. Dewanti, G.L. Arnenda, A. Rizal. Length-weight relationship and catch
size of bigeye tuna (Thunnus obesus) landed in Benoa, Bali, Indonesia, World News of
Natural Sciences 23 (2019) 34-42
[13] H. Heryati, W. S. Pranowo, N. P. Purba, A. Rizal, L. P. Yuliadi. Java Sea Surface
Temperature Variability during ENSO 1997–1998 and 2014–2015. Omni-Akuatika 14
(1) (2018) 384-396
[14] R. Rostika, A. Nurhayati, I. D. Buwono, A. Rizal, L. P. Dewanti, T. Maulana. Papain
and bromelain crude enzyme extract in commercial feed, effectiveness toward
pisciculture production of striped catfish (Pangasianodon hypophthalmus) in
aquaculture facility. Aquaculture, Aquarium, Conservation & Legislation 11 (5) (2018)
1598-1604
[15] Achmad Rizal, Y. Andriani, & F.X. Kusumartono. A Strategic Environmental
Assessment for Southern Coastal of West Java Province, Indonesia. World Scientific
News, 137 (2019) 188-209

-77-

World Scientific News 153(2) (2021) 65-79

[16] Achmad Rizal, Apriliani, I M. & Permana R. Assessment the Impact of Fiscal and
Monetary Policy on West Java Province of Indonesia: A Computable General
Equilibrium Analysis. World Scientific News 150, (2020) 162-181
[17] L. P. Dewanti, S. F. Rahmahningrum, A. Rizal, A. Khan, R. Rostika. Length catches
and growth analysis of hairtail fish (Trichiurus spp.) in southern off West Java Sea
(Case study: Pangandaran fishing base). International Journal of Fisheries and Aquatic
Research 4 (1) (2019) 13-16
[18] Liaw, A., Wiener, M. Classification and regression by random. Forest. Res. News, 2
(2002) 18-22
[19] Busico, G., Kazakis, N., Cuoco, E., Colombani, N., Tedesco, D., Voudouris, K.,
Mastrocicco, M., 2020. A novel hybrid method of specific vulnerability to
anthropogenic pollution using multivariate statistical and regression analyses. Water
Res. 171 (2020) 115386. https://doi.org/10.1016/j.watres.2019.115386
[20] Achmad Rizal, Subiyanto, H. Juahir, F. Lananan. Freshwater Governance on Limboto
Lake in Gorontalo Province of Indonesia. Indian Journal of Public Health Research &
Development 10 (4) (2019) 782-787
[21] R. Rostika, A. Rizal. Monosex barb (Osteochilus hasselti) Culture with reduction feed
on economic efficiency and cost reduction at net cage in Cirata Reservoir, Current
Research in Agricultural Sciences 4 (1) (2017) 7-13
[22] Alexander Khan, A. Rizal, L. P. Dewanti, I. M. Apriliani, Junianto, Supriyadi, D.
Ghiffary, W. Nasution, A. M. Gray, T. S., A. C. Mill, N. V. C. Polunin, . Skipjack
(Katsuwonus pelamis) tuna pole-andline marketing supply chains in Indonesia: case
study in Pulau Bacan. AACL Bioflux, 12 (2) (2019) 636-641
[23] F. X. Kusumartono, A. Rizal. An integrated assessment of vulnerability to water
scarcity measurement in small islands of Indonesia, World News of Natural Sciences 24
(2019) 117-133
[24] Castrillo, M., García, Á.L., Estimation of high frequency nutrient concentrations from
water quality surrogates using machine learning methods. Water Res. 172, (2020)
115490. https://doi.org/10.1016/j. watres.2020.115490
[25] Chaoua, S., Boussaa, S., El Gharmali, A., Boumezzough, A. Impact of irrigation with
wastewater on accumulation of heavy metals in soil and crops in the region of
Marrakech in Morocco. J. Saudi Soc. Agric. Sci. 18 (2018) 429-436.
https://doi.org/10.1016/j.jssas.2018.02.003
[26] Achmad Rizal, F.X. Kusumartono, Zaida. Analysis of Fisheries Sector Contribution in
Nabire District of West Papua Province. World Scientific News 133 (2019) 71-84
[27] Achmad Rizal, L. Aprilia, I. Nurruhwati, A. Nurhayati. The Elasticity of Demand for
Catfish Products (Clarias sp.) in Bandung City of Indonesia. World Scientific News 102
(2018) 76-89
[28] Leong, W.C., Bahadori, A., Zhang, J., Ahmad, Z., 2019. Prediction of water quality
index (WQI) using support vector machine (SVM) and least square- support vector

-78-

World Scientific News 153(2) (2021) 65-79

machine (LS-SVM). Intl. J. River Basin Manag. (2019) 1-8.
https://doi.org/10.1080/15715124.2019.1628030
[29] M. Apriliani, A. Rizal, H. Hamdani, A. Denika. Catch of Skipjack Tuna (Euthynnus sp.)
in National Fisheries Port Pengambengan, Bali, Indonesia. World Scientific News 120
(2) (2019) 144-15
[30] Sahidin, Zahidah, N. Kurniawati, H. Herawati, A. Rizal. Fertility Differences between
Silvofishery Pond and Conventional Pond in Legonkulon, Subang District, Indonesia.
World Scientific News 118 (2019) 115-128

-79-

