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Abstract— Increased population and urbanization is one of the changes in the use of the Wadaslintang
Reservoir catchment area, this condition has the potential to cause pollution of some heavy metals that can
accumulate in this aquatic biota. This study aims to determine the concentration and bioconcentration of Pb,
Zn, Cu, and Cd heavy metals in Anodonta woodiana Lea (freshwater shellfish), Pomacea canaliculata
Lamarck (golden apple snail), and Cherax quadricarinatus Yon Martens (crayfish) in the Wadaslintang
Reservoir. Samples of freshwater shellfish, snails, and crayfish were randomly collected in an area of + 100
m? in three research stations at a depth of 0.0 - 0.5 m. Sampling was conducted in August - October 2018.
The results showed that the three aquatic organisms contained heavy metals Cu, Cd, Pb, and Zn. The highest
concentration is in A. woodiana, then P. canaliculata and the lowest concentration is in C. quadricarinatus.
The results of the BCF value calculation showed the highest bioaccumulation values found in A. woodiana
and P. canaliculata were Zn, which included in the category of moderate accumulation. Whereas in C.
quadricarinatus the highest bioaccumulation value is Pb, but it is still included in the low accumulation
category.

Keywords— Bioaccumulation, Anodonta woodiana, Cherax quadricarinatus, Pomacea canaliculata,
Wadaslintang Reservoir

1. Introduction

Wadaslintang Reservoir is one of the artificial aquatic ecosystems located in Wonosobo Regency, Central
Java, Indonesia. These waters have many functions, especially for flood control, agricultural irrigation,
hydroelectric power generation, tourism and fisheries. Local people consume fishery products derived from
catches in these waters inc]ugg fish, freshwater shell and shrimp. According to [1], Wadas]intg Reservoir
has been polluted, especially occurred in September - December, in the reservoir cweﬁaft area. Heavy metals
that are dissolved and stored in the sedimentary layer, can also be consumed mainly by fish, crustaceans, and
mollusks that have the ability to accumulate heavy metals in the tissues of these organisms. Urban
development has led to a decreggy in water quality. One component that causes a decrease in water qua]itas
heavy metals [2]. Some types of heavy metals that are of global concern include tin (Pb), Zinc (Zn), Cu
(copper), and Cd (Cadmium). The presence of heavy metals in waters, among others, occurs due to the influx
of agricultural, livestock, industrial, mining and domestic waste. These problems have become serious
problems in all countries. While heavy metal contaminants that eg¥r the waters will be distributed to water,
sediments and aquatic biota [3]. Several studies have shown that the concentration of heammetals in water
can affect the concentration of heavy metals in organisms that live in aquatic ecosystems. An increase in the
concentration of heavy metals in the body of an organism can occur through the process of biomagnification
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or food chain, bioaccumulation and bioconcentration [4], [5]. According to [6],the ability to accumulate heavy
metals can only be done by living organisms. The ability of aquatic organisms to naturally accumulate heavy
metals will be transferred to the food chain [7]. Therefore, if humans consume aquatic biota contaminated
with heavy metals, the impact can be seen in the long term, as is the case in the Minamata epidemic in Japan.
Some aquatic organisms can accumulate heavy metals so that it can be used as a bioindicator of pollution.
The ability to accumulate heavy metals in aquatic organisms is called bioaccumulation, according to [8],
bioaccumuaion aims to determine the adverse effects of the aquatic environment on biota. Some aquatic
organisms that have the ability to accumulate heavy metals include freshwater shellfish [9], [10], [11], [7],
snails [12], [13], and crayfish [6], [14], [15], [16].

Pomacea canaliculata Lamarck is a freshwater snail from phylum mollusca which is commonly found in
Wadaslintang Reservoir, especially in reservoir inlet, is a nocturnal organism, and cosmopolite. These aquatic
animals are not rarely consumed by the local community, so that it has the potential to cause health problems.
P. canaliculata is able to accumulate Cd and Pb [17]. Zinc tends to accumulate in the digestive organs and
secretions of molluscs, especially in the kidneys [10]. This organism is a potential heavy metal biomonitor,
because its population, reproduction rate and survival are high, adaptable, can be exposed for a long time and
tend to be sessile. All soft tissue is used to transfer exposure to heavy metal Cu, with the highest concentration
found in the gills [18]. Besides that, P. canaliculata has a behavioral response by opening and closing the
operulum, the breathing pumping process, and the filter feeders diet. Besides snails, another species found in
the Wadaslintang Reservoir is Anodonta woodiana Lea. These freshwater shells have an important functional
role in freshwater ecosystems and are useful as Cd pollution biomarkers [19],). This is because freshwater
mussels are organisms that come into direct contact with the polluted environment for a long period of time,
so that the exposed body has the potential to accumulate these pollutant components. This species also belongs
to the filter group fedeer. This is thought to be the cause of a positive correlation between the concentration
of Pb in sediment and the concentration of Pb in bivalve tissue [20]. Cherax quadricarinata von Martens is an
invasive species; this animal is often found in Wadaslintang Reservoir by fishermen. This organism has eating
habits in the form of water macrophytes, macroinvertebrates, and detritus. So that this water organism has the
potential to accumulate heavy metals found in water and sediments. C. quadricarinata is a benthos group that
is more common in the bottom of sandy waters. Cd accumulation in C. quadricarinata tissue is positively
correlated with Cd concentrations in the environment obtained from water as its life medium and food [21].
The three organisms are aquatic biota that are often found by fishermen if obtained a little will be consumed
by themselves while if a lot will be sold to the community. Heavy metal pollution is an increasingly severe
environmental problem, so that if not properly addressed and managed will have an impact on the surrounding
environment it cigjeventually be consumed by humans through the food chain. Therefore, to find out the level
of accumulation of heavy metals ’Baquatic organisms in the Wadaslintang Reservoir, research needs g@ggbe
done, besides that it also functions to monitor them for community safety and other ecological problems. This
study aims to determine the concentration and bioaccumulation of heavy metals Pb, Zn, Cu and Cd in
Anodonta woodiana Lea, P. canaliculata Lemarck, and Cherax quadricarinatus Von Martens in the
Wadaslintang Reservoir.

2. Methodology

Water and sediment samples were obtained from the location of capture of aquatic organisms consisting of C.
quadricarinatus, A. woodiana and P. canaliculata. Samples of mussel, snails and shrimp are collected
manually in an area of + 100 m? at three research stations located at the edge to a depth of 0.5 m. Sampling
was carried out in August-October 2017. The geographical position of the sampling station is presented in
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Table 1. The Atomic Absorption Spectrophotometer (AAS) was used to analyze heavy metal content (Perkin
Elmer, 2000). Bioaccumulation calculations are carried out using the BCF formula as follows:

BCF = Cm-g f%&r, BCF = Cm-g n!Csediment
Corg = concentration of heavy metals in organisms
Cuaterisedimen: = concentration of heavy metals in water or sediment

Figure 1. Map of sampling location.

Table 1. Sampling site

Stations Geographical pos ition
1. The reservoir inlet fromthe Tritis River §07°33'28.5" — E 109°48°02.8”
2. Around the tourist area S07°36’34.7" — E 109°47°05.9”

3. Around the outlet of the reservoir S07°36'29.0" — E 109°46’56.0"

3. Results and Discussion
The concentration of heavy metals in surface water varies and changes over time, depending on various factors

including water conditions which include the speed of flow and the pmcessd mixing water, physical-
chemical factors of water, and the distance of water and sources of pollutants. The concentration of heavy
metals in sediments and surface water from each research station is presented in Tables 2 & 3. The results of
the analysis show that the concentration of heavy metals in the surface water is lower than the concentrations
of heavy metals in sediments because dissolved heavy metals are adsorbed by suspense particles and will
settle in the sediment. The average concentration of heavy metals in the surface water is as follows the lead
concentration (Pb) is higher than the zinc concentration (Zn), the copper concentration (Cu) is the same as the
zinc concentration, while the lowest concentration is Cd. The results also showecnuat almost all heavy metal
concentrations in surface water in the three research stations had exceeded the Republic of Indonesia
government regulation threshold number 82 of 2001 except Zn concentration, still below the quality standard
threshold. The concentration of Cd in surface water has exceeded the quality standards of grade 1 - grade 4;
Pb concentration has exceeded grade 1 - grade 3 quality standard, whereas for Cu concentration only exceeds
grade 1 quality standard.
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Table 2. Concentration of heavy metals in water at each station (mg.kg™")

Average concentration at each .
& Water quality standard™®

Heavy station
metals
1 2 3 grade 1 grade 2 grade3 grade 4
Cu 0017 0.021** 0.025 0.02 0.02 0.02 0.20
d 0.019%* 0016**  0016%* 001 0.01 0.01 0.01
Pb 0.035%* 0033+ 0032%* 003 0.03 0.03 1.00
0019 0.023 0.022 0.05 0.05 0.05 2.00

* Republic of Indonesia Government Regulation number 82 of 2001,
## exceed the quality standard threshold.

Table 3. Concentration of heavy metals in sediment at each station (mg.kg™)

Concentration in Holland Canada
) . ANZECC N B
stations (mg.kg ) (mgkg ) (mgkg )
Metals
. N I18QG-Low  ISQG-High
- mgkg?)  (mgkg)

Cu 3.45 1.53 1.40
Ccd 2.49 0.54 0.68 1.5 10 0.8 0.7
Pb 5.93 6.01 5.24 50 220 85 30.2
Zn 8.29 1.42 1.23

2

Heavy metals in the water will undergo a process of precipitation so that it will accumulateg the sediment.
the order of the average concentration of heavy metals in sediments is as follows: Theb concentration is
higher than the average concentration of Zn > Cu > Cd. Based on [22], the low value for the concentration of
Pb heavy metals in sediralts is 50-220 ppm, Cd is 1.5-10 ppm, Cu is 65-270 ppm and Zn is 200&]10 ppm.
Under this provision, all concentrations of heavy metals in sediment are still below the threshold. The results
of the analysis of navy metals in C. quadricarinatus, P. canaliculata, and A. woodiana are presented in
Figure 2. Overall, the order of the highest heavy metal concentrations to the lowest concentrations found in
each of these aquatic organisms is as follows: A. woodiana > P canaliculata > C. quadricarinatus. The average
concentration of heavy metals contained in C. guadricarinatus and P. canaliculata has the following
sequence: concentration of Pb > Zn > Cu > Cd. Whereas in A. woodiana in the order of concentration Zn >
Pb > Cd > Cu.
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Fig. 2 Heavy metal content in A. woodiana, C. quadricarinatus, and P. canaliculata at each
research station (mg.kg™) (wet weight)
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Bioconoentraam factor (BCF), is often used to give an overview of heavy metal concentrations in an
organism. In Table 4. it can be seen that the average value of BCF (0-w) > BCF (0-s), means that the three
aquatic organisms have a higher ability to accumulate heavy metals from water than from sediments. The
results of the calculation of BCF (o-w) gBlues of the three aquatic organisms show the same tendency with
the following sequence of BCF values: BCF (o-w) Zn > BCF (o-w) Cd >§'_‘F (o-w) Pb > BCF (o-w) Cu.
Whereas BCF (0-s) Zn > BCF (0-s) Cd > BCF (0-s) Cu > BCF (0-s) Pb. The higher the BCF value in an
organism, the greater the ability of the organism to accumulate heavy metals [23].

Table 4. BCF values in Anodonta woodiana, Cherax quadricarinatus, Pomacea canaliculata at
each research station

St Organism Cu Cd Pb n

BCF (o) BCF @w) BCF (o) BCF (ew) BCF oy BCF (o) BCF (py) BCF (pw)
1 0238 13.436 0395 251292 0.152 24527 2688 150303
2 Amdonm 0217 15.841 0.756 25.830 0.133 23.930 2329 143768

woodiana
3 0.096 15.569 0.163 21298 0.135 22,575 0399 171.034
1 0.172 8.770 0.228 0708 0.122 20.000 0435 24318
2 P . 0.158 11.476 0.290 9013 0.107 15.200 0377 23.261
canaliculata
3 0.070 14176 0.062 8175 0.108 18.113 0.065 27.672
1 0132 7514 0.195 gae2 0.099 16.135 0229 12.803
2 _C’_ . 0.121 8.825 0.248 8468 0.086 15.450 0.198 12.246
gquadricarinatus

0.054 10.902 0.033 6.982 0.087 14.613 0034 14569

u

The bioconcentration factors of the three aquatic organisms at each research station have different values,
freshwater shells Anodonta woodiana have the highest BCF value, then freshwater shrimp (Cherax
quadricarinatus) and the lowest snail / the golden snail (Pomacea canaliculata), based on this, it can be said
that freshwater mussels have the greatest accumulative ability among the three aquatic organisms. The study
by [9] on Anodonta woodiana (Lea, 1834) and Dreissena Polymorpha (Pall.) Showed that Anodonta sp has
the ability to accumulate higher heavy metals than Dreissena polymorpha. Furthermore, according to [19],
Anodonta woodiana is one of the members of bivalves that has very good accumulation ability to heavy metals
so that it can be used as a bioindicator of polluted waters such as in Lake Tahitu, China. Bivalves is one of the
aquatic biotas that breathe using gills contained in the mantle cavity. These organisms tend to settle
somewhere, immerse themselves in sediments, and their movements are slow so that it is relatively difficult
to avoid contaminated areas and have a high tolerance to heavy metals with certain concentrations. The value
of BCF (ow) of freshwater shellfish ( Anodonta woodiana) in Wadaslintang Reservoir has a BCF (ow) Zn >
BCF (ow) Cd > BCF (ow) Pb> BCF (ow) Cu, while the BCF (0s) value has the order as following BCF (os)
Zn > BCF (os) Cd > BCF (o0s) Cu > BCF (os) Pb. Based on the calculation of BCF (o-w) value of zinc metal
in freshwater shells has the highest value compared to BCF (o-w) in Pb, Cd and Cu means that shellfish have
a tendency to accumulate zinc heavy metals greater than other heavy metals (Table 4). The average BCF (o-
w) zinc value in shells is 155,035 with the highest BCF (0-w) value found at station three at 171,034, meaning
that shells at station three (outlet reservoir) have the ability to accumulate 171,034 times that of zinc metal
contained in sediments. Zinc is the highest component found in the body of shellfish (Anodonta sp) but it is
an essential component of living things, its existence is needed for the continuation of physiological and
enzymatic processes, including as part of the components of dehydrogenase and carbonic anhydrase [15]. At
high concentrations of zinc is needed to maintain certain biological functions, because zinc is an enzyme
cofactor [24], and in certain conditions can reduce the adverse effects of the presence of Pb in an organism.
The high concentration of zinc in the shellfish is also suspected because of the many components that contain
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zinc derived from various anthropogenic activities, where station three is the outlet of the reservoir that holds
all the water that originates from the entire reservoir inlet. The BCF (0-w) value of Zn metal in A. woodiana
of 171,034 is included in the medium accumulation category [25].

1

Crayfish BCF (0o-w) value has the following sequence of values ECF (gy) Zn> BCF (0-w) Pb > BCF (o0-w)
Cu > BCF (0-w) Cd. While the order of BCF (0-s) values is as follows BCF (0-s) Zn > BCF (o0-s) Cd > BCF
(0-s) Pb = BCF (0-s) Cu. Based on this, crayfish also has a greater tendency to accumulate zinc heavy metals
than other heavy metals. After zinc, crayfish has the ability to accumulate against Pb metal. The Pb metal
BCF (o-w) value of C. quadricarinatus of 20 is found at station one, meaning that the crayfish from station
one (reservoir inlet from Tritis River), is able to accumulate 20 times the Pb metal dissolved in water.
According to [26], crayfish has a high resistance to environmental conditions that experience heavy metal
contamination, for Pb metal mostly accumulated in several organs including hepatopancreas, gi]a gonads,
and excosceleton. Besides zinc and lead, crayfish also has the ability to accumulate Cu. Although the ability
to accumulate Cu dissolved in water belongs to the category of low accumulation, Cu is one of the components
needed by crustaceans as one of the important components that play a role in carrying haemocyanin pigments
[15]. P. canaﬁcu.*ar(a‘. an organism that has the lowest accumulation ability of heavnneta]s compared to
mussel and crayfish. The value of the bioconcentration factor in snail, with the order of BCF (0-w) as follows

F (0-w) Pb > BCF (0-w) Zn > BCF (0-w) Cu > BCF (0-w) Cd. While the order of BCF (0-s) is as follows
BCF (0-s) Cd > BCF (0-s) Zn > BCF (0-s) Cu > BCF (0-s) Pb. The value of bioconcentration of Pb metal to
water or BCF (o-w) Pb in snail has the highest value of 16,135, meaning that the snail at station one (reservoir
inlet from the River Tritis) can accumulate 16,135 times the Pb heavy metal dissolved in water. While the
highest BCF (0-s) bioconcentration value in snail is Cd metal which is equal to 0.248, meaning that snail at
station two (around the tourist area) can accumulate as much as 0.248 times the metal Cd contained in the
sediment. Pb and Cd are included in the group of non-essential metals, they are toxic elements, because their
presence in the body is not expected and the benefits are not yet known even at relatively small concentrations.
These heavy metals also have accumulative abilities and are able to inhibit the adsorption and absorption of
essential metals [15]. According to [13], Pomacea canaliculata accumulates Cd in soft tissue especially on
the viscera and legs. Besides Pb, Cd and Zn snail also have the ability to accumulate Cu even in the low
accumulative category. According to [ 12], Snails (Pomacea canaliculata) are able to accumulate Cu in several
organs including gills, muscles, and digestive tract. The organism also has the ability as a bioindicator and
biomarker of Cu contamination in the water [27]. The bioaccumulation value between organisms varies and
this depends on the level of absorption, detoxification and environmental conditions [ 15]. The mechanism of
absorption of heavy metals in mussel generally takes place through a filter feeder process. The clam will filter
the food particles by moving the vibrating hairs on the gills that drain the water so that it enters the gills
contained in the mantle. According to [25], the high and low value of BCF in an organism depends on the
type of metal and its organisa. According to [23], the organism's ability to accumulate heavy metals depends
on several factors including the concentration of heavy metals in water, organism's feed habits, and metabolic
rate. However, basically studying and predicting the bioaccumulation value of a heavy metal is an effort to
understand the nature and level of toxicity of each metal in the aquatic environment as a mitigation effort [8].

4. Conclusion

A. woodiana has higher ability to accumulate heavy metals, particularly zink rather than C. quadricarinatus
and P. canaliculata. The highest bicm:umu]ation value in shrimp and shellfish is found in Zn heavy metals,
while on golden snail is found in Pb heavy metals. The bioconcentration of Zn heavy metals is included in the
medium accumulation category, while Pb, Cd and Cu are included in the low category.
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