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Distribution of Cr, N1, Cu, and Zn 1n Prambatan
River-Cultivation Pond, Batu, East Java
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Abstract— Heavy metals are pollutants that pose a potential threat to aquatic environments because they can accumulate in
sediments and benthic organisms, thereby potentially affecting the quality of aquaculture environments. This study aims to analyze
variations in the accumulation of Cr, Ni, Cu, and Zn in sediments and Sulcospira testudinaria in the inlet river, aquaculture ponds,
and outlet river, as well as to evaluate the potential of Sulcospira testudinaria as a bioindicator of heavy metal pollution. The study
was conducted at six stations using purposive sampling. Metal concentrations in sediments and Sulcospira testudinaria were
analyzed using the ICP-AES method, while bioaccumulation capacity was evaluated by calculating the Biota-Sediment
Accumulation Factor (BSAF). The results showed that metal concentrations varied across stations, with Cr and Zn in the sediments
remaining below the Interim Sediment Quality Guideline (ISQG) values, Cu falling within the ISQG-Probable Effect Level (PEL)
range, and Ni exceeding the PEL at most stations. Metal concentrations in Sulcospira testudinaria followed the order
Zn>Cu>Ni>Cr. The average BSAF values indicated the highest accumulation for Zn (2.97), followed by Cu (1.72), Cr (0.34), and
Ni (0.25). Therefore, Sulcospira testudinaria has the potential to be used as a bioindicator of heavy metal pollution in freshwater

systems.
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1. INTRODUCTION

Heavy metal pollution is one of the primary threats to

aquatic ecosystems and human health. Industrial
activities, domestic wastewater, agriculture, and
residential drainage lead to the release of heavy metals
into water bodies, where they can accumulate in aquatic
organisms and enter the human food chain through the
consumption of fish and other aquatic products [1].
Heavy metal contamination in aquatic ecosystems has
the potential to impair water quality and pose a threat to
human health and the survival of aquatic organisms [41].
The safety of aquaculture products is greatly influenced
by water and sediment conditions, as these serve as sites
for the accumulation of heavy metals originating from
agricultural runoff, industrial activities, and mineral
additives in fish feed, such as Zn, Fe, Cu, Co, I, and Se.
Heavy metals deposited in sediments can be re-released
into the water through hydrodynamic processes, thereby
increasing the risk of bioaccumulation in aquatic
organisms [2]. Heavy metals are among the pollutants
that pose a potential threat to aquatic environments
because their toxic properties can disrupt ecological
balance and harm aquatic organisms when they
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accumulate in high concentrations. Heavy metals are
classified as hazardous pollutants because they are
persistent (non-degradable), meaning they do not break
down easily in the environment and are readily absorbed
by various media. Once they enter aquatic ecosystems,
some heavy metals accumulate in sediments, while
others continue to be carried along with river currents
[3]. Among the various types of heavy metals of
concern in aquatic environments, chromium (Cr), nickel
(Ni), copper (Cu), and zinc (Zn) are the elements most
commonly accumulated in freshwater sediments. At
certain concentrations, the presence of these metals can
have toxic effects on aquatic organisms [4].

Aquaculture serves as an anthropogenic factor
contributing to the introduction of heavy metals into
freshwater ecosystems. The intensive application of
commercial feed, the use of mineral supplements, and
various additives during the aquaculture process can
increase the accumulation of metals, such as Cu and Zn,
in both water and sediments. Heavy metal levels in pond
water tend to increase as the aquaculture cycle
progresses, while metal concentrations in sediments
remain high and exceed natural levels, indicating
sustained metal accumulation due to aquaculture
activities [5]. Sedimented uneaten feed and metabolic
waste from farmed organisms serve as the primary
medium for transporting heavy metals into pond
sediments, thereby increasing the accumulation of
contaminants at the bottom of the water body [6]. A
study by Hossain et al. [42] shows that sediments in
aquaculture areas contain various metallic elements, such
as Cr, Ni, Cu, and Zn, the presence of which is
influenced by human activities and management
practices in aquaculture environments.

Sediments contaminated with heavy metals act as a
reservoir of pollutants that can serve as a source of
exposure for benthic organisms. Metal uptake can occur
through contact with the pore water in the sediment or
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through the ingestion of sediment particles containing
metals. The accumulation of metals such as Cd, Cr, Pb,
Zn, Cu, and Ni in the tissues of benthic organisms can
subsequently be transferred to biota occupying the next
trophic level through predator-prey relationships, thereby
increasing the potential for biomagnification in the food
chain [7]. Organisms can be used as environmental
indicators by observing the types and levels of
contaminants accumulated in their body tissues. Each
aquatic organism has a different capacity to absorb and
accumulate pollutants, which is related to the species’
characteristics and the environmental conditions in
which it lives. Based on these differences, certain types
of organisms are selected as bioindicators because they
have the ability to accumulate toxic compounds in their
bodies at relatively high concentrations [43].

One benthic gastropod species with potential as a
bioindicator is the Susuh kura (Sulcospira testudinaria),
which has been used in various studies as an indicator of
aquatic environmental quality. Sulcospira testudinaria is
effective in detecting the presence of metals in aquatic
environments. The presence of this species can reflect
the movement of heavy metals within the food web and
serves as a key indicator in assessing environmental
quality as well as the potential ecological risks resulting
from heavy metal exposure [8]. Gastropods are benthic
organisms characterized by relatively slow movement,
living on the aquatic substrate, and feeding on detritus.
These characteristics enable gastropods to accumulate
various chemical compounds, including heavy metals,
within their body tissues. Consequently, these organisms
are widely used as bioindicators to assess the level of
heavy metal contamination in aquatic ecosystems [9].

The Prambatan River is part of the Brantas River
Basin located in Batu City, East Java, and is used as a
water source for aquaculture activities. As the longest
river basin in East Java, the Brantas River is subject to
pollution  pressures  stemming  from  various
anthropogenic activities, such as agriculture, industry,
and residential development, which can lead to increased
accumulation of heavy metals in the aquatic ecosystem.

112°3112,000"E 112°3130,000"E
g

7°50'24,000"S

7°50'42,000"S

112°3130,000"E

A ;
112°31'12,000"E

1279

Previous studies have shown that the Brantas River
Basin has been affected by heavy metal pollution. Water
quality analyses recorded average concentrations of Pb,
Cd, Cu, Ni, Fe, Cr, and Mn at 2.63, 1.09, 0.74, 0.40,
0.26, 0.10, and 0.02 mg L, respectively [10]. A study
by Hertika et al. [8], showed that Sulcospira testudinaria
in the Brantas River Basin can serve as an indicator of
heavy metal pollution. The study detected Pb, Hg, and
Cd in Sulcospira testudinaria samples, with Pb ranging
from 0.001 to 0.006 mg L', Hg from 0.001 to 0.005 mg
L™, and Cd from 0.005 to 0.03 mg L. In the context of
this study, the Prambatan River is significant because the
study site not only represents the river as a natural
ecosystem but also illustrates the relationship between
the river as a water source and the aquaculture pond
system. Although various studies on heavy metals have
been published, the majority of these studies still focus
on rivers or aquaculture ponds as ecosystems studied
separately. Studies evaluating the distribution of Cr, Ni,
Cu, and Zn in sediments and Sulcospira testudinaria
along a connected flow system-including the river
upstream of the aquaculture pond (inlet), the aquaculture
pond itself, and the river downstream of the pond
(outlet)-remain limited. Given these conditions, this
study aims to analyze variations in the accumulation of
Cr, Ni, Cu, and Zn in sediments and Sulcospira
testudinaria across these three zones to describe the
distribution patterns of heavy metals within aquaculture
water systems and to evaluate the potential of Sulcospira
testudinaria as a bioindicator of heavy metal pollution in
freshwater.

II. METHOD

A. Research Time and Location

This study was conducted from January to March 2026
along the Prambatan River and in aquaculture ponds in
Batu City, East Java (Figure 1). There were six sampling
stations: two in the Prambatan River upstream of the
ponds, two at the aquaculture ponds, and two in the
Prambatan River downstream of the aquaculture ponds.
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Figure. 1. Heavy metal sampling location in the Prambatan River, Batu City, East Java, Indonesia.
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The research stations were determined using purposive
sampling, taking into account river flow, land use, and
ease of access. Sampling and water quality
measurements were conducted twice during the study,
with a one-month interval between samplings. Heavy
metal analysis of sediment samples and Sulcospira
testudinaria was performed at the Integrated Research
Laboratory of Brawijaya University. Meanwhile, TSS
water quality was measured at the Hydrobiology
Laboratory of the Faculty of Fisheries and Marine
Sciences, Brawijaya University.

B. Tools and Materials

The instruments and equipment used during this
study were a Lutron DO-5510 dissolved oxygen (DO)
meter, a water quality tester, an oven, a desiccator, a
vacuum pump, a microwave digestion system, and an
ICP-AES (model ICPE-9820-Shimadzu). The materials
used were Whatman No. 41 filter paper, 65% HNOs, and
37% HCL

C. Heavy Metal Analysis

The sediment samples were dried in an oven and then
weighed to 0.5 g. 9 mL of 65% HNOs and 3 mL of 37%
HCI were added to the sediment samples to carry out the
digestion process using the microwave digestion system
for 20 minutes. The Sulcospira testudinaria samples
were separated from their shells and dried in an oven
until completely dry. The sample was weighed to 0.5 g,
and 6 mL of 65% HNOs and 1 mL of 37% HCI were
added to perform digestion using the microwave
digestion system for 50 minutes. After the digestion
process was complete for all samples, they were diluted
with distilled water to 50 mL, and 15 mL of the sample
was filtered for heavy metal analysis [11]. Heavy metal
analysis was performed using an ICP-AES instrument
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(model ICPE-9820-Shimadzu) with the following
wavelengths: Cr 267.716, Ni 231.604, Cu 327.396, and
Zn 213.856.

D. Water Quality Measurement
Water quality analysis was conducted using two
methods: in situ measurements taken directly at the
sampling stations, and ex situ measurements conducted
through laboratory analysis. In situ measurements
included temperature, TDS, DO, and pH, while ex situ
measurements included TSS using the gravimetric
method [12]. Water quality measurements were taken
twice over a one-month period.
E. Biota-Sediment  Accumulation  Factor
Analysis
The biota-sediment accumulation factor (BSAF)
calculated as the ratio of the metal concentration in
Sulcospira testudinaria to the metal concentration in the
sediment. The BSAF value is obtained using the
equation presented below:

(BSAF)

BSAF = Chiota/Csediment (1)

where Cbiota is the average concentration of metals in an
organism’s tissues, while Csediment is the average
concentration of metals detected in sediments [13].

III. RESULTS AND DISCUSSION

A. Heavy metals in sediments
Heavy metal concentrations in sediments are one of
the key indicators for assessing long-term water
pollution. The results of Cr, Ni, Cu, and Zn
measurements in sediments are presented in Figure 2.
Based on Figure 2., the concentration of chromium
(Cr) in the sediment at sampling site 1 ranged from 19.52
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Figure. 2. Cr, Ni, Cu, and Zn in sediments of the prambatan river-cultivation pond
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to 31.02 mg kg™ and at sampling site 2 ranged from 12.7
to 24.7 mg kg™!, with an average ranging from 16.11 to
27.86 mg kg'. The highest concentrations for Samples 1
and 2 were found at Station 1, while the lowest
concentrations were found at Station 2 (Sampling 1) and
Station 5 (Sampling 2). Chromium concentrations in the
sediment showed variation between stations, with
relatively high values in the inlet zone (Stations 1-2),
then a general decrease in the aquaculture pond zone
(Stations 3-4), and a subsequent increase at Station 6,
which is part of the outlet zone. The high chromium
levels in the inlet section indicate that chromium-bearing
material entered the system via the river flow before
reaching the ponds. The decrease observed at several
subsequent stations may be related to sedimentation and
metal redistribution processes during transport.
According to the Canadian Council of Ministers of the
Environment (CCME) 2002 [14], all measured
chromium concentrations remained below the Interim
Sediment Quality Guideline (ISQG) value of 37.3 mg
kg™. These results indicate that Cr concentrations in the
sediment have not yet caused adverse biological effects
on benthic organisms.

Ni concentrations show a relatively fluctuating
pattern across stations. Ni concentrations in Sample 1
ranged from 39.7 to 64.2 mg kg™', and in Sample 2
ranged from 28.1 to 47.3 mg kg!. Samples 1 and 2 show
that the highest concentration was found at Station 1 and
the lowest concentration was found at Station 5. The
high Ni concentration at Station 1 may indicate Ni input
from river flow, while the increase at Station 6 suggests
the redistribution or deposition of Ni-bearing material at
a specific location. All Ni concentrations exceeded the
ISQG value of 18 mg kg, and at Sampling 1,
concentrations at all six stations even exceeded the PEL
value of 36 mg kg'. Only Stations 4-6 in Sampling 2 fell
below the PEL range, yet they still indicated a potential
biological risk to benthic organisms. These conditions
indicate that the sediments at the study site have
accumulated Ni at levels that could potentially cause
ecological impacts, particularly for organisms that live in
and interact directly with the sediments. High Ni
concentrations in aquatic ecosystems are influenced by
natural processes and human activities. Geological
processes such as rock weathering, soil erosion, and
sediment transport by water flow also contribute to the
natural introduction of nickel into aquatic environments.
Naturally, nickel is one of the elements found in the
Earth’s crust, with an average concentration of
approximately 75 mg kg-' [15]. High concentrations of
Ni can be toxic to microorganisms because they can
disrupt cell membrane integrity, inhibit enzyme activity,
and increase oxidative stress. In aquatic environments,
nickel generally originates from industrial activities
particularly electroplating and the use of phosphate
fertilizers on agricultural land. Waste generated from
these two activities, combined with domestic wastewater
entering river basins, can lead to increased nickel
accumulation in sediments [16].

The Cu concentrations in Sample 1 ranged from
47.32 to 101.52 mg kg and in Sample 2 ranged from
45.14 to 81.34 mg kg'. The highest concentration in
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Sample 1 was found at Station 4, and in Sample 2, it was
found at Station 2. Meanwhile, the lowest concentrations
in both Sampling 1 and Sampling 2 were found at Station
5. This pattern indicates that Cu tends to accumulate at
the inlet, and the increase observed at Station 4 may be
related to pond conditions that facilitate the settling of
Cu-bearing suspended material. All Cu concentrations
were above the ISQG value of 35.6 mg kg™, but
remained below the Probable Effect Level (PEL) of 197
mg kg [14]. These conditions indicate that Cu has
reached a level that has the potential to cause biological
effects on benthic organisms, although the likelihood of
such impacts remains relatively low since the
concentrations have not yet exceeded the PEL. Zn
concentrations in Sampling 1 ranged from 53 to 103.3
mg kg™', and in Sampling 2, they ranged from 56.02 to
89.82 mg kg'. The average Zn concentrations in
samples 1 and 2 in the sediment ranged from 56.91 to
96.56 mg kg'. The highest Zn concentration was found
at Station 2, while the lowest concentration in sample 1
was found at Station 3 and in sample 2 at Station 5. The
high Zn levels at Stations 1-2 indicate that the inlet area
is a key location for Zn entering the system. All Zn
concentrations remain below the ISQG value of 123 mg
kg™, indicating that the Zn content in the sediment is not
expected to cause adverse biological effects on benthic
organisms [4].

The results of the study show that there is a
distribution of heavy metals among the stations. The
concentrations of Cr and Ni were higher at Station 1
(inlet) and then decreased toward the aquaculture pond
and the outlet, indicating that both metals originated
from the Prambatan River. In contrast, Cu showed the
highest concentrations at Station 4 (Sampling 1) in the
aquaculture pond area and at Station 2 (Sampling 2),
while Zn was highest at Station 2 (inlet), reflecting
differences in the transport and accumulation processes
of each metal. The distribution patterns of heavy metals
in sediments are influenced by transport processes,
sedimentation, the geochemical properties of sediments,
and the dynamics of the physical and chemical
conditions of the water [17]. The high concentration of
Ni in the sediment indicates that this metal accumulates
more easily than other metals. Ni accumulation can
result from natural rock weathering processes as well as
anthropogenic activities such as agricultural runoff, the
use of fertilizers and pesticides, and domestic wastewater
carried through river basins. Meanwhile, Cu and Zn are
essential metals widely used in agricultural and domestic
activities, so their presence in sediments is also
influenced by inputs from the surrounding environment.
On the other hand, the low concentration of Cr suggests
that the input of this metal is relatively smaller or that it
is predominantly present in a stable form in the
sediments [18].

The presence of organic matter in sediments plays a
key role in binding heavy metals, but each metal’s ability
to form bonds 1is influenced by its chemical
characteristics. Copper (Cu) is known to have a high
affinity for organic matter, but zinc (Zn) is often more
dominant due to its higher mobility and bioavailability.
Furthermore, high Zn inputs from various human
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activities increase this metal’s ability to compete for
binding sites on organic matter. Therefore, the
concentration of metals in water bodies serves as one of
the parameters in determining the level of adsorption in
sediments and their availability for uptake by aquatic
organisms [19]. Organic matter in sediments provides
various active sites capable of binding heavy metal ions.
Therefore, metals associated with organic matter are
classified as part of the potentially mobile fraction, as
they can be re-released during the mineralization of
organic matter and subsequently enter the sediment or
the water column. Consequently, the amount and
characteristics of organic matter are key factors
determining the distribution and bioavailable fractions of
heavy metals in aquatic environments [20]. In
aquaculture pond environments, fish feed residues that
settle at the bottom of the aquaculture water body are
believed to be one of the primary sources of heavy
metals in sediments. The continuous accumulation of
feed residues at the bottom of the aquaculture water body
can cause the heavy metals they contain to accumulate in
the sediments. Aquatic feed can release heavy metals
into the water, which then settle and accumulate in the
sediment [44].

Sediment serves as a long-term reservoir for heavy
metals, but it can also release them back into the aquatic
environment when physicochemical conditions change.
Fluctuations in pH, changes in redox potential, and
sediment resuspension can increase the mobilization of
metals into pore water, thereby increasing their
bioavailability and the potential for exposure to benthic
organisms [21]. In addition, sediment grain size is also a
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factor influencing the accumulation of heavy metals in
aquatic environments. Fine-grained sediments have a
greater capacity to adsorb and accumulate heavy metals
than coarse-grained sediments because they have a larger
surface area. Conversely, sediments with larger particle
sizes have a smaller specific surface area, resulting in a
lower capacity to bind heavy metals [22]. The
distribution of metals in aquatic bottom sediments is
influenced not only by chemical conditions but also by
the physical characteristics of the environment. Water
movement due to turbulence, particle resuspension, and
sediment deposition are key processes that affect the
distribution of metals in the aquatic bottom layer. In
locations with relatively high water energy, fine-grained
material is more easily lifted and carried by currents,
while coarser particles tend to remain on the bottom and
serve as sites for the deposition of metals bound to oxide
or carbonate minerals. Thus, the distribution patterns of
metals in sediments are shaped by the interplay between
the physical processes that govern particle movement
and the chemical mechanisms that control the interaction
of metals with sediments [45].

B. Heavy Metals in Sulcospira testudinaria

An analysis of heavy metal concentrations in
Sulcospira testudinaria was conducted to assess the level
of metal accumulation in biota inhabiting the bottom
substrate of the water body. The results of Cr, Ni, Cu,
and Zn concentration measurements in Sulcospira
testudinaria tissue at all research stations are presented
in Figure 3.

Based on Figure 3., the concentrations of heavy
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Figure. 3. Cr, Ni, Cu, and Zn in Sulcospira testudinaria of the prambatan river-cultivation pond
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metals in Sulcospira testudinaria vary depending on the
type of metal. Chromium (Cr) concentrations in Sample
1 ranged from 6.82 to 8.54 mg kg and in Sample 2
from 4.52 to 8.87 mg kg', with the highest
concentrations found at Station 3 for Sample 1 and
Station 2 for Sample 2. Meanwhile, the lowest
concentrations were found at Station 5 and Station 6 for
both Sampling 1 and Sampling 2. The maximum
concentration of chromium (Cr) in mollusks is 12 mg
kg™ [23], so the Cr concentrations at all study stations
remain within a safe range that is, below the established
maximum limit. The distribution of Cr within the bodies
of benthic organisms is not uniform but depends on the
type of tissue. Because they are in direct contact with the
water, gills play a crucial role in Cr uptake and can
account for up to 42% of the total Cr accumulated in the
body. Unlike the gills, the digestive glands primarily
function as sites for the inactivation and storage of
Cr(IIT) through chelation, with the amount of Cr
accumulated there reaching more than 35% of the total
Cr accumulation in the body [46]. The Ni concentrations
in Sampling 1 of Sulcospira testudinaria ranged from
8.74 to 14.6 mg kg!, and the Ni concentrations in
Sampling 2 ranged from 5.35 to 14.3 mg kg™'. The
highest concentrations were found at Station 2 in
Sampling 1 and at Station 3 in Sampling 2, while the
lowest concentrations were found at Station 5 and, in
Sampling 2, at Station 6. The permissible Ni
concentration in mollusks is 80 mg kg™ [23], indicating
that the Ni concentrations at the study stations remain
within the permissible range.

The concentration of copper (Cu) in Sample 1 of
Sulcospira testudinaria ranged from 76.98 to 102.68 mg
kg™, and in Sample 2, it ranged from 88.1 to 117 mg
kg™'. The highest concentrations were found at Station 3
in Sample 1 and at Station 2 in Sample 2, while the
lowest concentrations were found at Station 4. The zinc
(Zn) concentrations in Sample 1 of Sulcospira
testudinaria ranged from 64.8 to 287.1 mg kg™, and in
Sample 2, they ranged from 147 to 326.1 mg kg™'. The
highest zinc concentration in Sampling 1 was found at
Station 2, and in Sampling 2, it was found at Station 3.
Meanwhile, the lowest concentrations were found at
Station 4 during the first sampling and at Station 1
during Sampling 1. The permissible copper
concentrations for mollusks are 50 and 150 mg kg™*. The
maximum permissible concentration of Zn in mollusks is
200-500 mg kg [24]. The concentrations of Cu and Zn
at all study stations remained within the permissible
limits. The presence and distribution of Cu in the
environment are influenced by various factors, including
human activities, the physicochemical properties of
sediments, hydrodynamic dynamics, and the interactions
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between sediments and aquatic organisms [48]. The
essential metals Cu and Zn are required by aquatic
organisms to support various metabolic processes.
However, if their concentrations exceed the organisms’
tolerance limits, these metals can be toxic; therefore,
their presence in aquatic environments must be properly
managed [25]. Zinc (Zn) is an essential element that
plays a role in various biological processes, including
growth and reproduction. High concentrations of Zn in
organisms and sediments indicate that the element is
quite abundant and available to biota. Zn accumulation
in biota can occur through exposure to contaminated
water and sediments; the metal is then absorbed and
accumulated through biological processes within the
body [47]. Zn can enter the environment through various
materials and activities, particularly the use of
fungicides, preservatives, and paint-based products.
Meanwhile, the presence of Cu in sediments may stem
from anthropogenic activities in the surrounding area,
particularly agricultural activities involving the use of
pesticides and fungicides, as well as construction
activities such as the use of roofing materials and
plumbing installations [49].

The results of the study show that the distribution of
heavy metals in Sulcospira testudinaria varies between
stations and among metal types. Concentrations of Cr,
Ni, Cu, and Zn tend to be higher at the inlet station and
in the aquaculture pond area, indicating that metal
concentrations in the upstream water source tend to be
high. The processes of metal uptake and accumulation in
aquatic organisms are influenced by various factors,
including geographic conditions, the physicochemical
characteristics of the water, and the morphology and
behavior of the organisms [26]. Overall, the pattern of
metal accumulation in Sulcospira testudinaria follows
the order Zn > Cu > Ni > Cr. These differences in
patterns indicate that metal accumulation capacity is
influenced not only by metal concentrations in the
environment, but also by the chemical properties of each
metal, its bioavailability, sediment characteristics, and
the physiological mechanisms by which organisms
regulate metal uptake, storage, and excretion [18;27]. As
a benthic gastropod with low mobility that is closely
associated with sediments, Sulcospira testudinaria is
capable of reflecting long-term metal exposure, making
it a potential bioindicator for evaluating aquatic
environmental quality [8].

C. Biota-Sediment Accumulation Factor (BSAF)

The ability of Sulcospira testudinaria to accumulate
metals from sediments was evaluated using the Biota-
Sediment Accumulation Factor (BSAF). The results of
the BSAF analysis in this study are presented in Table 1.
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Based on Table 1., the BSAF values for Cr range
from 0.22 to 0.42, with an average of 0.34, while those
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is the primary source of exposure; therefore, metal
concentrations in an organism’s tissues generally

TABLE 1.

BIOTA-SEDIMENT ACCUMULATION FACTOR (BSAF) IN SULCOSPIRA TESTUDINARIA IN PRAMBATAN RIVER-CULTIVATION POND

Metals Stations Average
1 2 3 4 5 6

Cr 0.22 0.39 0.42 0.34 0.41 0.27 0.34

Ni 0.17 0.30 0.34 0.21 0.29 0.19 0.25

Cu 1.42 2.62 1.70 1.02 2.08 1.51 1.72

Zn 1.41 2.80 3.86 1.80 4.76 3.16 2.97

for Ni range from 0.17 to 0.34, with an average of 0.25.
The BSAF values for Cu range from 1.02 to 2.62 with an
average of 1.72, while those for Zn range from 1.41 to
4.76 with an average of 2.97. All BSAF values for Cr
and Ni are below one, indicating that Sulcospira
testudinaria has a relatively low accumulation capacity
for Cr and Ni. This finding is consistent with the results
of metal concentrations in the sediment, where Cr
remains below the CCME ISQG values. While Ni has a
relatively high concentration in the sediment, only a
small fraction is bioavailable and can be absorbed by
organisms. BSAF value < 1 indicates that the organism is
a deconcentrator; a value of 1-2 is categorized as a
microconcentrator; and a value > 2 indicates that the
organism acts as a macroconcentrator [13]. Based on
these values, the BSAF results for Cr and Ni are
categorized as deconcentrators, the BSAF results for Cu
can be categorized as microconcentrators, while the
BSAF for Zn is categorized as a macroconcentrator.
These results are consistent with the concentrations of
Cu and Zn in Sulcospira testudinaria tissues, which are
significantly higher than those of Cr and Ni, even though
the Zn content in the sediment remains below the CCME
ISQG threshold. Invertebrates have the ability to
accumulate essential metals, such as Zn and Cu, as part
of a physiological mechanism to maintain metabolic
processes and homeostasis [28].

The BSAF value represents the ratio of the
concentration of metals accumulated in an organism’s
tissues to the concentration of metals present in the

correlate with metal concentrations in the sediment.
Heavy metals can enter an organism’s body through
absorption from water, consumption of contaminated
food or sediment, and adsorption onto the body’s surface
[30]. High concentrations of heavy metals in sediments
and the internal organs of freshwater snails may indicate
pollution in aquatic environments. This is related to the
ability of sediments to bind and store heavy metals, as
well as the habits of snails, which live on the riverbed
and obtain food from the sediments. These high levels of
heavy metals may also be linked to the discharge of
wastewater into rivers, with sediments serving as the
primary site for the deposition and accumulation of
heavy metals in aquatic environments [50]. Variations in
metal accumulation among different organisms result
from the interaction between the organisms’ biological
characteristics and their environmental conditions.
Factors such as species, age, body size, physiological
condition, as well as differences in the physicochemical
properties of the water and regional characteristics
contribute to differences in organisms’ ability to absorb
and accumulate metals [9].

D. Water Quality Parameters

Water quality parameters play a significant role in
influencing heavy metals in water bodies. The results of
water quality analyses from all research stations are
presented in Table 2.

Based on Table 2, the results of the water quality
parameter analysis at the six research stations showed

TABLE 2.
WATER QUALITY PARAMETERS IN PRAMBATAN RIVER-CULTIVATION POND
Parameters Units Stations Quality standards
1 2 3 4 5 6
Temperature °C 234 232 25.1 24,9 23.9 233 Dev 3
TSS mg L 63 61 57,5 59 82.5 60 100
TDS mg L 101 92 96 110 121 139 1000
pH - 7.23 7.1 7.5 7.59 7.34 7.4 6-9
DO mg L! 8.7 8.8 6.6 6.3 8.4 8.7 >3

sediment. In general, a BSAF value >1 indicates that
organisms are able to effectively accumulate metals from
sediments, whereas a BSAF value <l suggests that
metals tend to remain bound to sediments or have lower
bioavailability to organisms [29]. The accumulation of
heavy metals in organisms depends on the bioavailability
of metals in the environment as well as the organism’s
ability to absorb, assimilate, and excrete them. Sediment

temperature values of 23.2-25.1°C, TSS of 57.5-82.5 mg
L™, TDS of 92-139 mg L™, pH of 7.10-7.59, and DO of
6.3-8.8 mg L'. According to Government Regulation
No. 22 of 2021, Class 3 [31], all water quality
parameters remain within the water quality standards,
namely temperature Dev 3, TSS < 100 mg L', TDS <
1000 mg L', pH 6-9, and DO > 3 mg L™'. The analysis
results for these parameters remain within ranges that
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support the survival of aquatic biota, including
Sulcospira testudinaria. Water quality parameters are
critical factors that support aquatic life while also
influencing the accumulation of heavy metals in water
bodies. Therefore, water quality measurements serve as
the initial step in evaluating the level of heavy metal
pollution. Rising temperatures can increase the
bioaccumulation and toxicity of heavy metals by
accelerating ion formation and enhancing the solubility
of metals in water [33].

Temperature is one of the environmental factors that
control metal dynamics in sediments. An increase or
decrease in temperature not only affects the chemical
reactions of metals but also alters dissolved oxygen (DO)
levels as well as the dissolution of carbonates and
hydroxides, thereby impacting the release of metals from
sediments into the water. The adsorption of heavy metals
onto sediments is thermodynamically exothermic and
can occur spontaneously. Rising temperatures promote
the desorption of metal ions from the surfaces of
sediment particles, thereby accelerating the release of
metals into the aquatic environment. Organic matter and
sulfides are known to bind heavy metals through
selective adsorption, but the effectiveness of these bonds
is influenced by temperature changes. The higher the
temperature, the greater the tendency for metals to be
released from sediments due to increased desorption
[33].

Total Suspended Solids (TSS) are solid particles
suspended in the water column. An increase in TSS
causes the water to become more turbid, thereby
reducing the intensity of light penetrating the water
column and disrupting the photosynthesis of aquatic
organisms [34]. Suspended particles generally contain
heavy metals because their constituent materials can bind
to and accumulate metals present in the aquatic
environment [35]. Total Dissolved Solids (TDS) refers to
the concentration of dissolved substances in water,
including minerals, salts, and various metallic elements.
TDS concentrations exceeding quality standards can
degrade water quality by altering the physical properties
of the water and increasing the potential for toxic effects
on aquatic biota [36]. A high TDS value indicates a high
concentration of dissolved minerals, which can affect the
behavior of heavy metals in water, particularly their
dissolution and transport. The presence of these ions
allows them to form complexes with heavy metals,
thereby altering their bioavailability [30].

Acidity (pH) is one of the factors that control the
solubility of metals in water columns. An increase in pH
generally causes metal solubility to decrease, making it
easier for metals to precipitate and accumulate in
sediments [37]. pH is an indicator that influences the
release of heavy metals from sediments into water bodies
through changes in H* ion concentration. However,
under conditions with a relatively narrow pH range, the
effect of pH on metal mobility may be overshadowed by
other factors, such as anthropogenic activities. Nickel
(Ni) is more sensitive to pH changes than other metals,
making it potentially more easily mobilized even under
near-neutral pH conditions [38].
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Dissolved oxygen (DO) is a key parameter in water
quality assessment that affects the survival of Sulcospira
testudinaria as a benthic organism. A DO range of 6.2-
10 mg L' is considered optimal for supporting
respiration, metabolism, and the physiological activity of
gastropods [39]. Dissolved oxygen (DO) is one of the
key parameters that characterize a water body’s ability to
support the life of aerobic organisms. A decrease in DO
levels to the point of hypoxia can affect heavy metal
dynamics by promoting anaerobic reduction processes,
which in turn increase the release of heavy metals
previously bound to sediments into the water column
[40].

IV. CONCLUSION

This study shows variations in the accumulation of the heavy metals
Cr, Ni, Cu, and Zn in sediments and Sulcospira testudinaria in the inlet
river, aquaculture ponds, and outlet river. metal concentrations varied
across stations, with Cr and Zn in the sediments remaining below the
Interim Sediment Quality Guideline (ISQG) values, Cu falling within
the ISQG-Probable Effect Level (PEL) range, and Ni exceeding the
PEL at most stations. The distribution pattern of metals in sediments
differs from that in Sulcospira testudinaria, with the concentration
order in the organism being Zn > Cu > Ni > Cr. BSAF values show Zn
(2.97), followed by Cu (1.72), Cr (0.34), and Ni (0.25). Based on the
BSAF values, Zn and Cu exhibit higher bioaccumulation potential than
Cr and Ni. The results of this study indicate that Sulcospira
testudinaria has the potential to be used as a bioindicator of heavy
metal pollution in freshwater systems utilized as aquaculture water
sources.
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