JIPK. Volume 17 No 1 February 2025
Sinta 1 (Decree No: 158/E/KPT/2021)

e-ISSN:2528-0759; p-ISSN:2085-5842
Available online at https://e-journal.unair.ac.id/JIPK

Research Article

CJIPK
kH PERIKANAN DAN KEL

Scientific Journal of Fisheries and Marine

Check for
updates
/ )

Concentration and Distribution of Oligochaeta Worms in
the Waters of Kejapanan, Pasuruan, Indonesia Polluted by
Mercury Waste using DNA Barcode

Irawati Mei Widiastuti’

, Moh. Awaludin Adam?***

, and Ernawati*

'Aquaculture, Faculty of Animal Husbandry and Fisheries, University of Tadulako, Palu, Central Sulawesi, Indonesia
2Research Center for Marine and Land Bioindustry, National Research and Innovation Agency, Lombok, NTB, Indonesia
3Faculty of Science and Technology, University of Ibrahimy, Situbondo, Indonesia

4Aquatic Product Technology, Faculty of Agriculture, University of Yudharta, Pasuruan, East Java, Indonesia

OPEN a ACCESS

ARTICLE INFO

Received: April 06, 2024
Accepted: June 12, 2024
Published: July 30, 2024
Available online: Feb 11, 2025

*) Corresponding author:
E-mail: moha044@brin.go.id

Keywords:
Biomonitoring;
DNA barcode COI,
Phylogenetic;
Heavy metal;
Mercury

©I0SIe)

This is an open access article un-
der the CC BY-NC-SA license
(https://creativecommons.org/li-
censes/by-nc-sa/4.0/)

Abstract

Physiological monitoring of mercury waste contamination can be carried out
using the biota around the waters. This study aims to identify concentration of
Hg and the types of worms in the waters of Kejapanan, Pasuruan, East Java
with a molecular approach. Target gene amplification was carried out using the
mitochondrial genome COI barcode primer. Analysis of molecular identification
was performed with DNA analysis and phylogenetic, similarity, DNA sequence
variation, genetic distance, and the BOLD System. The concentration Hg
was analyzed using AAS and the distribution of mercury in the worms was
analyzed using SEM Edax Mapping. The results showed that the pollutant
source area (St2 sample) has the highest concentration of mercury compared
to other locations. The results of molecular identification indicate the formation
of two clusters. The amplified samples produced DNA bands according to the
target (600-700 bp), and the process was continued with morphological-based-
key identification. The results showed that they consist of the family Nadidae
with two species, namely Limnodrilus hoffmeisteri and Branchiura sowerbyi.
A DNA length of 709 bp as well as nucleotide composition. BLAST results
showed that species L. hoffmeisteri and B. sowerbyi had similarity indexes of
99% and 86%, respectively. Based on the research results, it was found that there
was an accumulation of mercury exposure in worms in polluted areas. For this
reason, the results of this study can provide a novelty that worms can be used as
biomonitoring of water pollution using the barcode data.
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1. Introduction

The waters in Kejapanan Village, Pasuruan,
East Java have been polluted due to household, indus-
trial, and agricultural wastes (Adam ef al., 2018). Fur-
thermore, several types of metals have been identified
as contaminators of these waters including mercury
at a dose of 0,015 ppm (Widiastuti et al., 2019), lead
at dose 0,035 ppm, and cadmium at dose 0,02 ppm
(Adam et al., 2019a). Mercury is one of the most toxic
heavy metals (Boening, 2000) and is highly bioaccu-
mulative (Shi et a/., 2010). Its bioaccumulation is very
influential on aquatic biota and humans (EPA, 1989,
2016), morphological changes (Adam e al., 2019b),
death (Clarkson and Magos, 2006), biochemical dis-
turbance (Barregard er «a/., 2010), and physiology
(Adam et al., 2022).

Various types of biotas live in these waters in-
cluding Oligochaeta worms, fish, plants, gastropods,
mollusks and several types of plankton. These inver-
tebrates play an important role in the waters and are
tolerant to chemical contamination (Rodriguez and
Reynoldson, 2011). The role of oligochaeta in waters
is as a disperser of organic material and to increase
soil aeration. Apart from that, oligochaeta can also
be used as animal feed and aquaculture (Kosman and
Subowo, 2010). The morphologically identified spe-
cies in Kejapanan include Tubifex tubifex, Limnodri-
lus hoffmeisteri, and Branchiura sowerbyi. Howev-
er, thorough certainty is still needed to avoid errors
in their identification. DNA barcode technique is one
of the methods used to identify species quickly and
accurately, based on the nucleotide base sequence of
a standardized marker gene (Hebert ez a/., 2003). It
can also be carried out by matching the fragment se-
quence of the selected gene to a reference containing
the DNA sequence generated from the identified spec-
imen (Wibowo et al., 2018; Anggorowati et al., 2019).
The technique is often used to distinguish organisms
as well as to identify hard-to-recognize specimens
(Hebert et al., 2003). DNA-based analysis was carried
out to re-examine species with a wide distribution and
are large in numbers. DNA barcoding is a powerful
tool for identifying organisms (Elsaied et al., 2022),
thereby making it possible to identify morphologically
unidentified specimens (Ali ef al., 2020). The use of
mitochondrial DNA in the systematic analysis is not
compatible with morphological evaluation because
the characters often indicate cryptic species phenom-
ena. Result study (Zhou et al., 2021) explained that
DNA barcodes from oligochaeta with COI are able to
identify and explain the role of worms as indicators
for monitoring waters.

The cytochrome oxidase subunit 1 (COI) gene
is one of the encoding genes in the mtDNA genome.
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Several parts of COI are often conserved and then
used as DNA barcodes (Ahmed ez al., 2019). A short
COI fragment can be used as an accurate marker in
identifying a wide variety of animals to the species
level (DeSalle and Goldstein, 2019) as well as to re-
construct phylogenetics at the species level (Becker
et al., 2021). One of the advantages of the gene is
having universal primers that can cover a large 5’ part
of the animal phylum. It also has a greater range of
phylogenetic signals compared to other mitochondri-
al genes. Based on its superiority in identifying spe-
cies, it is necessary to carry out a rapid assessment
through molecular identification with DNA barcoding.
No statement has been found that worms can be used
as biomonitoring for mercury contamination. For this
reason, the results of this study can provide a novel-
ty that worms can be used as biomonitoring of water
pollution using the barcode data. Therefore, this study
aims to concentration of Hg and identify the types of
worms in the waters of Kejapanan, Pasuruan, East
Java using molecular identification.

2. Materials and Methods
2.1 Materials

The materials used in this study are water
samples, sediment samples, and worm samples as test
animals, as well as other materials used in laborato-
ry testing 70% alcohol; sterile distilled water; NaCl;
Tris-HCL; EDTA; proteinase K; sodium dodecyl
sulfate; concentrated H2SO4; concentrated HNO3;
KMnO4, 3% glutaraldehyde buffer; osmium tetrox-
ide buffer; Phosphate Buffered Saline (PBS) solution;
distilled water; ethanol/acetone, ZR Tissue & Insect
DNA MiniPrepTM kit (Zymo Research, Irvine, CA,
USA), My TaqTMRed Mix (Bioline, BIO-25044,
Thomas Scientific, USA).

Meanwhile, the tools used in the study in-
clude those used for sample collection and measure-
ment in the field, such as scoop; sample container
Dark bottle; light bottle shovel; sample container.
Water quality parameters including temperature, pH,
and total dissolved solids (TDS) were measured on-
site with a multiparameter water quality meter (Hanna
HI98194, Hanna Instruments, Romania). For ammo-
nia and dissolved oxygen (DO), water samples were
measured with Salifert test kits for ammonia (NH3)
and dissolved oxygen (DO) (Salifert BV, Nether-
lands); as well as the tools used in laboratory test-
ing electric heater; centrifuge; beakers; watch glass;
Atomic Absorption Spectrophotometer (Shimadzu
AA-7000 Model, Japan); BLAST (Basic Local Align-
ment Search Tool); Hitachi TM3000 Benchtop Scan-
ning Electron Microscope (SEM), Taihuru Nukurangi,
Japan.



JIPK

Vol 17 No 1. February 2025 | Concentration and Distribution of Oligochaeta Worms in the Waters of Kejapanan...

2.1.1 Ethical approval

The animals used in this study originated
from local area, not conduct any testing or treatment,

the ethical clearance is not applicable in this study.
2.1.2 Preparation Sample

Worm samples were collected from sediments
in the waters of Kejapanan, Pasuruan, East Java with
the coordinates LS 07°838” and BT 112°28” shown in
Figure 1. Worms are taken at a predetermined sam-
pling for 4 (four) station (St). St1 samples were taken
at the pollutant source; St2 samples were taken right at
the pollutant source; St3 and St4 samples were taken at
the location after the pollutant source. The worms are
taken directly (3-5 individuals/St) with the sediment
and separated from the adhering dirt. Then the worms
are washed in running water until clean and stored in a
container. They were then preserved in 60% absolute
ethanol and immediately stored at -20°C until the ex-
traction process.

2.2 Methods
2.2.1 Mercury Concentration (Hg)

Oligochaeta worms that have been cleaned,
then measured the concentration of the metal, namely
mercury (Hg). Measurement of metal concentrations
in each sample (water, sediment and Oligochaeta
worms) used the Atom Absorption Spectrophotometer
(AAS) method based on (BSN, 2006). The procedure
for determining the concentration of Hg refers to
(EPA, 1994).

2.2.2 DNA Extraction and Isolation

The alcohol washing process was carried out
before DNA isolation by immersing the samples in
sterile distilled water, followed by homogenization
in STE buffer containing 1M NaCl, 10mM Tris-HCL,
and 0.lmM EDTA with a pH of 8. They were then
crushed and lysed using 0.125 mg/ml proteinase K and
1% sodium dodecyl sulfate. Genomic DNA was isolat-
ed with the ZR Tissue & Insect DNA MiniPrepTM kit

Figure 1. Research Maps Kejapanan, Pasuruan, East Java.
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protocol. Subsequently, pure DNA was collected and
stored at -70°C.

2.2.3 DNA Fragment Amplification and Visualiza-
tion

The COI gene segment of the
mitochondrial genome was amplified using
universal DNA barcode primers, namely LCO
1490 (5’-GGTCAACAAATCATAAAGATATT
GG-3’) and HCO 2198 (5’-TAAACTTCAGGGTG
ACCAAAAAATCA-3’) (Folmer et al., 1994).
The success of the PCR was observed with the 6%
polyacrylamide gel electrophoresis (PAGE) method,
which was carried out at a voltage of 200 V for 50
minutes, followed by silver sensitive staining (Byun
et al., 2009). DNA extraction was performed based
on the ZR tissue & Insect DNA MiniPrepTM kit
procedure. PCR amplification using My TagTMRed
Mix (Bioline, BIO-25044) was carried out with the
following temperature settings: pre-denaturation at
95°C for 3 minutes, 35 cycles of denaturation at 95°C
for 10 seconds, 35 cycles of annealing at 52°C for 30
seconds, and extension at 72°C for 45 seconds and the
temperature was held at 4°C for 1 cycle.

2.2.4 DNA Analysis and Phylogenetic

The mold used for PCR sequencing is an
amplicon with single-band quality using the same
big dye terminator and primer method as the initial
amplification. The results of the nucleotide sequencing
were edited manually based on the chromatogram and
then used as input in the search for gene similarities
using BLAST (Basic Local Alignment Search Tool).
This was carried out to compare the DNA sequence
database contained in the BOLD (Barcode of Life
database), which can be accessed at the NCBI
GenBank (www.blast.ncbi.nlm.nih.gov). The most
similar GenBank sequences are characterized by the
same Max and Total Scores, Query Coverage close to
100%, E-value close to 0, and I-dent close to 100%
in each database. Nucleotide sequences of all samples
and homologous BLAST results were aligned using
Clustal W version 2.0 contained in the MEGA program
version 06.6 (Tamura ef al., 2011) to determine
the level of homology in the analyzed DNA base
sequence. The order submitted to NCBI was retrieved
from the database in FASTA format. Databases with
high similarity, namely a similarity threshold of 99%
and threshold length of 90% using BLASTclust of files
were placed in one group.
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2.2.5 Scanning Electron Microscopy (SEM)

The preparations were made using the mod-
ified method (Devos er al., 1998). After dissection,
they were thinly cut to a thickness of 2-3 mm, the
paraffin was removed from the sections, followed by
immediate immersion in 2% glutaraldehyde, placed in
0.05 M osmium tetraoxide (pH: 7.4; fixative osmotic
pressure: 310 mosmol 1-1) for 90 min. Subsequently,
each of the samples was placed in buffer 0.15 osmi-
um tetraoxide under room temperature for 4 x 10 min.
They were then left to dry for 5 min and placed in 30,
50, 70, 90, and 100% acetone solution for 5 min each,
followed by drying at the critical point (critical point
dryer, Balzers CPD 030). The sample was mounted on
a silver paint stub by maintaining the primary lamella
parallel to the stub, and it was gold-coated with the
sputtering method (Balzers). Two worm samples were
then examined under a scanning electron microscope,
namely Philips XL 20 for each experimental condi-
tion. At least four non-contiguous areas were random-
ly selected from each fish for morphometric analysis.

Source: Data in Table 1 is obtained from the mean +
stdev in each sample (n = 3)

3. Results and Discussion
3.1 Result

3.1.1 Concentration of Hg

Table 1 shows that the St2 sample has the
highest concentration of mercury compared to oth-
er locations, both in water (0.0363 + 0.0050 mg/L),
sediment (0.2683 + 0.0055 mg/L), and in Oligochaeta
worms (0.2543+0.0065 mg/L). The lowest concentra-
tion of mercury in the St4 sample. The concentration
of mercury in the sediments and on Oligochaeta is
higher than that in the water.

St2 samples are samples taken right at the
pollutant source. Stl samples were taken before the
pollutant source which had a high concentration of
mercury followed by St3 and St4 samples taken at
the location after the pollutant source. These results
explain that the closer the location is to the pollutant
source, the higher the pollutant concentration.

3.1.2 DNA Amplification and visualization

The COI gene that was successfully amplified
had a length of approximately 700 bp using a 3000
bp DNA ladder as a comparison, as shown in Figure
I (A). Cloning was then carried out to obtain clear-
er results. The cloned COI gene that was successfully
amplified had a length, as shown in Figure 1 (B). The
process was then continued with colony PCR (8 colo-




nies) using electrophoresis with 1% TBE agarose. The
COI gene that was successfully amplified by PCR has
a length as shown in Figure 2 (C).
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3.2 Discussion

Referring to (Goverment Regulation, 2001),

Table 1. Concentration of mercury (Hg) in water, sediment and wormes.

Sample Stations Hg water (mg/L) Hg sediment (mg/L) Hg worms (mg/L)
St1 0,0357+0,0050 0,2417+0,0031 0,1697+0,0074
St2 0,0363+0,0050 0,2683+0,0055 0,2543+0,0065
St3 0,0280+0,0020 0,1640+0,0001 0,0930+0,0056
St4 0,0277+0,0015 0,1413+0,0067 0,0917+0,0031

Source: Data in Table 1 is obtained from the mean * stdev in each sample (n = 3)

A B
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- 5,000
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C

Figure 2. Electropheogram of COI gene (A) amplification of worm specimens; (B) Results of Agarose Gel Analy-
sis on sample-1; (C) Colony PCR (8 colonies) on Sample-1 (3puL PCR Products were assessed by electrophoresis

with 1% TBE agarose); M DNA ladder 1 Kb.
3.1.3 DNA Analysis and phylogeny

The BLAST results show the similarity lev-
el of Limnodrilus hoffmeisteri species with the same
Max score and total score of 1179, as well as 92%
query cover, E value of 0.0, and 99% Ident 99%. The
similarity level of the species Branchiura sowerbyi
was indicated by the same Max score and total score
of 777, as well as 95% query cover, E value of 0.0, and
86% Ident, as shown in Table 3.

The Limnodrilus sample was ingroup with KU
668562.1 Branchiura, while the sample was outgroup
with the GenBank reference species as shown in
Figure 3.

3.1.4 Mercury concentration and distribution in
worms

Based on the results of the SEM-EDX test, the
worm samples contained several elements as shown in
Figure 4. The majority of them are organic except Al,
Si and Ti. Aluminium (Al), Silicon (Si), and Titanium
(Ti) are metals that are used by organisms.

the maximum recommended concentration of mercury

s 0.001 mg/ up to 0.002 mg/L. has been contaminated
with mercury. The International Association of
Dragging Companies/Central Dreging Association
(IACD/CEDA) divides the quality standards for
mercury concentrations in sediments into 5 levels,
namely the target level (0.3 ppm); limit level (0.5
ppm); test level (1.6 ppm); intervention level (10
ppm) and hazard level (15 ppm), while the results
showed the concentration of mercury in the study
locations ranged from 0.1413 + 0.0067 mg/L to
0.2683 + 0.0055 mg/L. This shows that the mercury
in the research location is still below the target
level so it is not too dangerous for the environment.
As is the result of a study that has been carried out
(Adam et al., 2018) explains that sampling areas or
stations close to pollutant sources are exposed to a
higher level than areas far from pollutant sources.

The results of mercury measurements showed that the
highest concentration was found in sediments. The
amount of heavy metals contained in sediments indi-
cates the level of contamination in water bodies. In

Copyright ©2025 Faculty of Fisheries and Marine Universitas Airlangga
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general, the content of heavy metals in sediments is
higher than in water because heavy metals have the
property of easily binding and settling on the bottom
of the water and uniting with sediments (Zhang et a/.,
2022). Heavy metals that enter the waters will expe-
rience precipitation, dilution and dispersion, then be
absorbed by organisms that live in these waters (Peng
et al.,2018). Metal deposition occurs because the spe-
cific gravity of metals is higher than the specific gravi-

ty of water so the heavy metal content in the sediment
becomes higher than in the water (Zeng et al., 2022).

KY369653.
KY369647.
KY369658.
KY369661.
LR025066.
LR025080.
KY369734.
LR025082.
KY369644.
KY369643.
KY636936.
LN§10299.
MG422659.1 Branchiura
MG423368.1 Branchiura

Limnodrilus
Limnodrilus
Limnodrilus
Limnodilus
Limnodrilus

Limnodrilus

1
1
1
1
1
1
1 Limnodrilus
1 Limnodrilus
1 Limnodrilus
1 Limnodrilus
1 Branchiura
1

Branchiura

Sampel Branchiura
AF534864.1 Branchiura

Sampel Limnodrilus

KUB68562.1 Branchiura
MG421154.1 Branchiura
MG421124 1 Branchiura
MG423045.1 Branchiura
MG423032 1 Branchiura

Figure 3. Reconstruction of the phylogenetic tree of
Limnodrilus hoffmeisteri and Branchiura show erby
worms based on COIL.

Table 2. Results of morphological identification of
worm specimens.

No. Specimen Species Family
1 Limnodrilus hoffmeisteri  Nadidae
2 Branchiura sowerbyi Nadidae

The E-value of 0.0 indicates that the deter-
mination of its sequence was identical to the species
level. Therefore, specimens of sample-1 and sample-2
were Limnodrilus hoffmeisteris and Branchiura sow-
erbyi because they have 99% and 86% similarities.
Identification with a morphological approach for Oli-
gochaete is difficult because there are still many aquat-
ic species that are not clear and have not been detected
morphologically (Anggraini et al., 2022; Cheng et al.,
2019; Liu et al., 2017). Several studies revealed that
the mitochondrial COI gene is an effective barcode
for the identification of aquatic and terrestrial species
(Becker et al., 2021; Folmer et al., 1994; Geller et al.,
2013). COI barcodes have been assigned to several
freshwater oligochaetes in China (Zhou ef al., 2021),

JIPK: Scientific Journal of Fisheries and Marine

Argentina (Erséus er al., 2010), Korea (Kang et al.,
2017), America (Folmer ef al., 1994) and India (Nav-
eed, 2012), but the taxonomic range and geographic
origin of the specimens are relatively limited (Ali er
al., 2020; Ewald, 2006; Hikam et al., 2021; Xu et al.,
2017) suggested a 10% COI divergence threshold for
the separation between congeneric species in aquatic
oligochaetes. Several studies also reported that the mi-
tochondrial COI gene is effective in the identification
of these organisms (Anggorowati et al., 2019; Hebert
et al., 2003; Nneji et al., 2020; Rodriguez and Reyn-
oldson, 2011).

Element Maps

Project: New project

Acc. Voltage: 15.0 kV

Resolution: 256 x 192 pixels

Viewed Resolution: 100%

Process Time: 5

Image Width: 321.0 um

Mixed map: Mercury La1(red) [with image]

A0

Mercury La1

100pm Mixed

100pm

Mercury La1

Merkuri pada permukaan tubuh cacing Tubifex setelah dipapar HgCl,. Sebaran merkuri ditandai
dengan titik-titik warna merah (A) dan putih (B) (panah)

Figure 4. Distribution of mercury in Oligochaeta af-
ter mercury exposure, the anterior and middle sections
are marked with red and white dots (arrows). The im-
age 1s the result of Mapping EDX.

They can also live in water conditions polluted
by harmful organic materials and heavy metals (Mao
etal., 2016; Peng et al., 2018), and are tolerant to hy-
poxic conditions (Bird and Ladle, 1981; Blakemore et
al., 2012; Christoffersen, 2012). L. hoffmeisteri and
B. sowerbyi are found in Indonesian waters, including
in Bedaai River, Deli Serdang Regency, North Suma-
tra. The results showed that Limnodrillus sp. is present
in polluted waters (Klerks and Bartholomew, 1991),
in the East Pontianak Canal (Setiawan ez al., 2015),
and in the Musi River in Palembang (Zulkifli and Seti-
awan, 2012). The waters in Kejapanan, Pasuruan, East
Java, contain household, industrial, and agricultural
wastes, which indicates that they are contaminated
with organic and inorganic materials including live
heavy metals of several types of annelids, such as L.
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hoffmeisteri. The organism is often used as a model
in basic and applied sciences including phylogenetic
studies due to its ability to resist limited conditions
(Beauchamp et al., 2001; Bird and Ladle, 1981; Blake-
more et al., 2012). It also mixes the material stored in
sediments by digging, feeding, and breathing, hence,
it is used as a biological indicator of organic pollution
in environmental health (Rodriguez and Reynoldson,
2011; Zhang et al., 2014). It is considered a single spe-
cies dispersed in the sediments of various freshwater
habitats (Liu e al., 2017). Mercury released into the
environment is often suspended or bound to organic
compounds found in the soil or surrounding water
(Lee et al., 2018; Macirella and Brunelli, 2017; Shi et
al., 2010). Its organic form is obtained when it binds
with carbon (Risjani et al., 2022). All these forms oc-
cur naturally at low concentrations (ATSDR, 2022;
Risjani et al., 2020).

Mercury accumulation in aquatic organisms
is influenced by several factors including individual
species, Hg source, physicochemical water quality,
and pollutant levels (Abid Maktoof, 2020; Aly and
Abouelfadl, 2020). Furthermore, the high dose used
for exposure has a significant effect on its bioavail-
ability and bioaccumulation in organisms, especially
in freshwater (ATSDR, 2022; Kumar, 2012; Lee ef al.,
2019; Shen ef al., 2001). The distribution of mercu-
ry in the worms exposed is presented in Figure 3. It
spreads throughout the whole body of the worm, in-
cluding the anterior, middle, and posterior parts. Mer-
cury also spreads to the surface of the worm’s body
and is indicated by the presence of red dots. In Oli-
gochaeta, it is absorbed through the layers of the skin
during the process of gas exchange (respiration). The
front part of the body is immersed in sediment, where
the tail is left in the water body to increase the water

Table 3. Results of BLAST Specimen in GenBank NCBI (10 top).

Description Max Total Query cover E value Identy Accession
score score

L. hoffmeistri isolate 1147 _T17 1179 1179 92% 0.0 99% LR025082.1

L. hoffmeistri isolate 1147 _T17 1179 1179 92% 0.0 99% LR025080.1

L. hoffmeistri isolate 1147 T17 1179 1179 92% 0.0 99% LR025066.1

L. hoffmeistricomplex lineage 1179 1179 92% 0.0 99% KY369734.1

VII isolate CNWQ42

L. hoffmeistri complex lineage 1179 1179 92% 0.0 99% KY369661.1

VII isolate CE22916

L. hoffmeistri complex lineage 1179 1179 92% 0.0 99% KY369658.1

VIl isolate CE22911

L. hoffmeistri complex lineage 1179 1179 92% 0.0 99% KY369653.1

VII isolate CE22905

L. hoffmeistri complex lineage 1179 1179 92% 0.0 99% KY369647.1

VII isolate CE22898

L. hoffmeistri complex lineage 1179 1179 92% 0.0 99% KY369644.1

VIl isolate 22894

L. hoffmeistri complex lineage 1179 1179 92% 0.0 99% KY369643.1

VIl isolate 22893

B. sowerbyi voucher S-4331 765 765 93% 0.0 87% KU668562.1

B.  sowerbyi voucher BI- 665 665 81% 0.0 86% MG421154.1

OUG21000-HO7

B.  sowerbyi voucher BI- 777 777 95% 0.0 86% MG423368.1

OUG21865-F04

B. sowerbyi voucher CE713 777 777 95% 0.0 86% KY636936.1

B. sowerbyi isolate T5 163 777 777 95% 0.0 86% LN810299.1

B. sowerbyi BRAsohr 776 776 92% 0.0 86% AF534864.1

B. sowerbyi BIOUG21865-E01 774 774 95% 0.0 86% MG422659.1

B. sowerbyi BIOUG21000-HO05 680 680 84% 0.0 86% MG422045.1

B. sowerbyi BIOUG21000-H04 680 680 84% 0.0 86% MG423032.1

B. sowerbyi BIOUG21000-H03 680 673 84% 0.0 86% MG421124.1

Copyright ©2025 Faculty of Fisheries and Marine Universitas Airlangga
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flow and accelerate gas exchange (Beauchamp et al.,
2001; Bird and Ladle, 1981; Giere, 1983; Peng ef al.,
2018).

4. Conclusion

Based on the identification results, the worms
found in the waters of Kejapanan Pasuruan, East Java,
Indonesia include Limnodrilus hoffmeisteri (similarity
indexes: 99%) and Branchiura sowerbyi (similarity in-
dexes: 86%). No statement has been found that worms
can be used as biomonitoring for mercury contami-
nation. For this reason, the results of this study can
provide a novelty that worms can be used as biomoni-
toring of water pollution using the barcode data.

Acknowledgement

The authors are very grateful to Laboratori-
um Sentral [lmu Hayati (LSIH) Universitas Brawijaya
(UB) for helping to succeed in the research.

Authors’ Contributions

All authors have contributed to the final man-
uscript. The contribution of each author is as follow,
IMW and MAA; collected the data, drafted the man-
uscript, and designed the figures. E; devised the main
conceptual ideas and critical revision of the article. All
authors discussed the results and contributed to the fi-
nal manuscript.

Conflict of Interest

The authors declare that they have no com-
peting interests.

Declaration of Artificial Intelligence (Al)

The author(s) affirm that no artificial intelli-
gence (Al) tools, services, or technologies were em-
ployed in the creation, editing, or refinement of this
manuscript. All content presented is the result of the
independent intellectual efforts of the author(s), ensur-
ing originality and integrity.

Funding Information

References

Adam, M. A., Maftuch, M., Kilawati, Y., & Risjani,
Y. (2019a). Detection of metallothionein pro-
tein biomarkers (MTs) and pinocytosis activity
in gambusia fish (Gambusia affinis) exposed to
cadmium. Nature Environment and Pollution
Technology, 18(3):989-994.

Adam, M. A., Maftuch, M., Kilawati, Y., & Risjani, Y.
(2019b). The effect of cadmium exposure on the
cytoskeleton and morphology of the gill chlo-
ride cells in juvenile mosquito fish (Gambusia
affinis). Egyptian Journal of Aquatic Research,
45(4):337-343.

Adam, M. A., Maftuch, M., Kilawati, Y., & Tahirah,
S. N. (2018). Analysis of heavy metal pollutant
in wangi river Pasuruan and its impact on Gam-

busia affinis. Jurnal Pembangunan dan Alam Le-
stari, 9(2):120-128.

Adam, M. A., Soegianto, A., Melissa, C., Khumaidi,
A., Ramli, R., Ernawati, E., Mei, 1., & Insivi-
tawati, E. (2022). CD4 cell activation with the
CD8 marker and metallothionein expression
in the gills of cadmium-exposed mosquito fish
(Gambusia affinis Baird and Girard 1853) juve-
niles. Emerging Contaminants, 8(1):280-287.

Ahmed, M. S., Chowdhury, M. M. K., & Nahar, L.
(2019). Molecular characterization of small
indigenous fish species (SIS) of Bangladesh
through DNA barcodes. Gene, 684(1):53-57.

Ali, F. S., Ismail, M., & Aly, W. (2020). DNA bar-
coding to characterize biodiversity of freshwa-
ter fishes of Egypt. Molecular Biology Reports,
47(8):5865-5877.

Aly, W., & Abouelfadl, K. Y. (2020). Impact of
low-level water pollution on some biological
aspects of redbelly tilapia (Coptodon zillii) in
River Nile, Egypt. Egyptian Journal of Aquatic
Research, 46(3):273-279.

Anggorowati R. D., Deni N. E. & Listyorini, D.
(2019). DNA barcoding of introduced typical
fishes in Telaga Sari, Pasuruan Regency. Biotro-
pika: Journal of Tropical Biology, 7(2):51-62.

Anggraini, P., Asikin, A. N., & Kusumaningrum, I.
(2022). Effect of liquid smoke concentration
on chemical and organoleptic characteristics of
baung fish (Mystus gulio) smoke. [in English].
Media Teknologi Hasil Perikanan, 10(1):60-67.

ATSDR (Agency for Toxic Substances and Disease
Registry). (2022). Toxicological profile for mer-
cury. In U.S. Department of Health and Human
Services (Issue April).

Barregard, L., Fabricius-Lagging, E., Lundh, T.,
Molne, J., Wallin, M., Olausson, M., Modigh, C.,
& Sallsten, G. (2010). Cadmium, mercury, and
lead in kidney cortex of living kidney donors:
Impact of different exposure sources. Environ-
mental Research, 110(1):47-54.

Beauchamp, K. A., Kathman, R. D., McDowell, T. S.,

148

JIPK: Scientific Journal of Fisheries and Marine



https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Adam%2C+M.+A.%2C+Maftuch%2C+M.%2C+Kilawati%2C+Y.%2C+%26+Risjani%2C++Y.+%282019a%29.+Detection+of+metallothionein+pro-+tein+biomarkers+%28MTs%29+and+pinocytosis+activity+in+gambusia+fish+%28Gambusia+affinis%29+exposed+to+cadmium.+Nature+Environment+and+Pollution+Technology%2C+18%283%29%3A989-994.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=ATSDR+%28Agency+for+Toxic+Substances+and+Disease+Registry%29.+%282022%29.+Toxicological+profile+for+mercury.+In+U.S.+Department+of+Health+and+Human++Services+%28Issue+April%29.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Barregard%2C+L.%2C+Fabricius-Lagging%2C+E.%2C+Lundh%2C+T.%2C+M%C3%B6lne%2C+J.%2C+Wallin%2C+M.%2C+Olausson%2C+M.%2C+Modigh%2C+C.%2C+%26+Sallsten%2C+G.+%282010%29.+Cadmium%2C+mercury%2C+and+lead+in+kidney+cortex+of+living+kidney+donors%3A+Impact+of+different+exposure+sources.+Environmental+Research%2C+110%281%29%3A47-54.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Anggorowati+R.+D.%2C+Deni+N.+E.+%26+Listyorini%2C+D.+%282019%29.+DNA+barcoding+of+introduced+typical+fishes+in+Telaga+Sari%2C+Pasuruan+Regency.+Biotropika%3A+Journal+of+Tropical+Biology%2C+7%282%29%3A51-62.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Aly%2C+W.%2C+%26+Abouelfadl%2C+K.+Y.+%282020%29.+Impact+of+low-level+water+pollution+on+some+biological+aspects+of+redbelly+tilapia+%28Coptodon+zillii%29+in+River+Nile%2C+Egypt.+Egyptian+Journal+of+Aquatic+Research%2C+46%283%29%3A273-279.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Ali%2C+F.+S.%2C+Ismail%2C+M.%2C+%26+Aly%2C+W.+%282020%29.+DNA+barcoding+to+characterize+biodiversity+of+freshwater++fishes+of+Egypt.+Molecular+Biology+Reports%2C+47%288%29%3A5865-5877.+&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Ahmed%2C+M.+S.%2C+Chowdhury%2C+M.+M.+K.%2C+%26+Nahar%2C+L.+%282019%29.+Molecular+characterization+of+small+indigenous+fish+species+%28SIS%29+of+Bangladesh+through+DNA+barcodes.+Gene%2C+684%281%29%3A53-57&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Adam%2C+M.+A.%2C+Soegianto%2C+A.%2C+Melissa%2C+C.%2C+Khumaidi%2C+A.%2C+Ramli%2C+R.%2C+Ernawati%2C+E.%2C+Mei%2C+I.%2C+%26+Insivitawati%2C+E.+%282022%29.+CD4+cell+activation+with+the++CD8+marker+and+metallothionein+expression++in++the+gills+of+cadmium-exposed+mosquito+fish+%28Gambusia+affinis+Baird+and+Girard+1853%29+juveniles.+Emerging+Contaminants%2C+8%281%29%3A280-287.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Adam%2C+M.+A.%2C+Maftuch%2C+M.%2C+Kilawati%2C+Y.%2C+%26+Tahirah%2C+S.+N.+%282018%29.+Analysis+of+heavy+metal+pollutant+in+wangi+river+Pasuruan+and+its+impact+on+Gambusia+affinis.+Jurnal+Pembangunan+dan+Alam+Lestari%2C+9%282%29%3A120-128.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Adam%2C+M.+A.%2C+Maftuch%2C+M.%2C+Kilawati%2C+Y.%2C+%26+Risjani%2C+Y.+%282019b%29.+The+effect+of+cadmium+exposure+on+the+cytoskeleton+and+morphology+of+the+gill+chloride++cells+in+juvenile+mosquito+fish+%28Gambusia+affinis%29.+Egyptian+Journal+of+Aquatic+Research%2C+45%284%29%3A337-343.&btnG=

JIPK

Vol 17 No 1. February 2025 | Concentration and Distribution of Oligochaeta Worms in the Waters of Kejapanan...

& Hedrick, R. P. (2001). Molecular phylogeny of
tubificid oligochaetes with special emphasis on
Tubifex tubifex (Tubificidae). Molecular Phylo-
genetics and Evolution, 19(2):216-224.

Becker, M., Konig, S., & Hoppe, B. (2021). A simple
PCR-based approach for rapid detection of Ips
typographus and Ips duplicatus in the presence
of (associated) symbionts and parasites. Journal
of Plant Diseases and Protection, 128(2):527-
534.

Bird, G. J., & Ladle, M. (1981). Aspects of the mor-
phology and ecology of two British tubificids
(Oligochaeta). Journal of Zoology, 194(4):493-
504.

Blakemore, R. J., Lee, W., Ryu, J.-S., Ahn, M. H., &
Kim, S. R. (2012). Accidental vaginal parasitism
by oligochaete worms (Annelida: Oligochaeta).
Opuscula Zoologica-Budapest, 43(2):197-201.

Boening, D. W. (2000). Ecological effects, transport,
and fate of mercury: A general review. Chemo-
sphere, 40(12):1335-1351.

Byun, S., Ruffini, C., Mills, J. E., Douglas, A. C.,
Niang, M., Stepchenkova, S., Lee, S. K., Loutfi,
J., Lee, J. K., Atallah, M., & Blanton, M. (2009).
Internet addiction: Metasynthesis of 1996-2006
quantitative research. Cyberpsychology and Be-
havior, 12(2):203-207.

Cheng, D., Song, J., Zhao, X., Wang, S., Lin, Q., Peng,
J., Su, P., & Deng, W. (2019). Effects of chiron-
omid larvae and Limnodrilus hoffmeisteri biotur-
bation on the distribution and flux of chromium
at the sediment-water interface. Journal of Envi-
ronmental Management, 245:151-159.

Christoffersen, M. L. (2012). Phylogeny of basal de-
scendants of cocoon-forming annelids (Clitella-
ta). Turkish Journal of Zoology, 36(1):95-119.

Clarkson, T. W., & Magos, L. (2006). The toxicology
of mercury and its chemical compounds. Critical
Reviews in Toxicology, 36(8):609-662.

DeSalle, R., & Goldstein, P. (2019). Review and inter-
pretation of trends in DNA Barcoding. Frontiers
in Ecology and Evolution, 7(302):1-11.

Devos, E., Devos, P., & Cornet, M. (1998). Effect of
cadmium on the cytoskeleton and morphology
of gill chloride cells in parr and smolt Atlantic
salmon (Salmo salar). Fish Physiology & Bio-
chemistry, 18(1):15-27.

Elsaied, H., Soliman, T., Siam, R., Saad Abdelkarim,
M., & Sonbol, S. (2022). Differential rRNA gene
metabarcoding of prokaryotic consortia in desert

athalassohaline and thalassohaline brines. Egyp-
tian Journal of Aquatic Research, 48(3):223-231.

EPA. (1989). Ambient water quality criteria for mer-
cury - water quality standards British Columbia.
In Office of Water USEPA (1989th ed., p. 116).
USEPA.

EPA. (1994). Determination of Mercury in water
by cold vapor atomic absorption spectrometry
method 245.1. Environmental monitoring sys-
tems laboratory office of research and develop-
ment, 1-18.

EPA, U. S. (2016). Aquatic life ambient water quality
criterion for selenium — freshwater. In Office of
Water USEPA (p. 807). USEPA.

Erséus, C., Envall, 1., Marchese, M., & Gustavsson,
L. (2010). The systematic position of Opisto-
cystidae (Annelida, Clitellata) revealed by DNA
data. Molecular Phylogenetics and Evolution,
54(1):309-313.

Ewald, M. (2006). Isolation and characterization of
nuclear and mitochondrial genetic markers for
population studies of Ucides cordatus cordatus
(Decapoda : Brachyura). Disertation. Bremen:
Universitit Bremen.

Folmer, O., Black, M., Hoeh, W., Lutz, R., & Vrijen-
hoel, R. (1994). DNA primers for amplification
of mitochondrial cytochrome ¢ oxidase subunit [
from diverse metazoan invertebrates. Molecular
Marine Biology and Biotechnology, 3(5):294-
299.

Geller, J., Meyer, C., Parker, M., & Hawk, H. (2013).
Redesign of PCR primers for mitochondrial cy-
tochrome ¢ oxidase subunit I for marine inverte-

brates and application in all-taxa biotic surveys.
Molecular Ecology Resources, 13(5):851-861.

Giere, O. (1983). Morphology and fine structure of two
marine tubificids (Oligochaeta), closely relat-
ed to the gutless Phallodrilus spp. Helgoldinder
Meeresuntersuchungen, 36(2):231-241.

Government Regulation. (2001). Republic of Indone-
sia Government Regulation Number 82 of 2001
on management of water quality and control over
water pollution. [in English]. Republic of Indo-
nesia Government.

Hebert, P. D. N., Cywinska, A., Ball, S. L., & DeWaard,
J. R. (2003). Biological identifications through
DNA barcodes. Proceedings of the Royal Society
B: Biological Sciences, 270(1):313-321.

Hikam, A. M., Mubarakati, N. J., Dailami, M., & Toha,

Copyright ©2025 Faculty of Fisheries and Marine Universitas Airlangga

149



https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Molecular+phylogeny+of+tubificid+oligochaetes+with+special+emphasis+on+Tubifex+tubifex+%28Tubificidae%29.+Molecular+Phylogenetics+and+Evolution%2C+19%282%29%3A216-224.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Ers%C3%A9us%2C+C.%2C+Envall%2C+I.%2C+Marchese%2C+M.%2C+%26+Gustavsson%2C+L.+%282010%29.+The+systematic+position+of+Opistocystidae+%28Annelida%2C+Clitellata%29+revealed+by+DNA++data.++Molecular+Phylogenetics+and+Evolution%2C+54%281%29%3A309%E2%80%93313.+&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Becker%2C+M.%2C+K%C3%B6nig%2C+S.%2C+%26+Hoppe%2C+B.+%282021%29.+A+simple+PCR-based+approach+for+rapid+detection+of+Ips+typographus+and+Ips+duplicatus+in+the+presence+of+%28associated%29+symbionts+and+parasites.+Journal+of+Plant+Diseases+and+Protection%2C+128%282%29%3A527534.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Bird%2C+G.+J.%2C+%26+Ladle%2C+M.+%281981%29.+Aspects+of+the+morphology++and+ecology+of+two+British+tubificids+%28Oligochaeta%29.+Journal+of+Zoology%2C+194%284%29%3A493504.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Blakemore%2C+R.+J.%2C++Lee%2C+W.%2C+Ryu%2C+J.-S.%2C+Ahn%2C+M.+H.%2C+%26+Kim%2C+S.+R.+%282012%29.+Accidental+vaginal+parasitism+by+oligochaete+worms+%28Annelida%3A+Oligochaeta%29.+Opuscula+Zoologica-Budapest%2C+43%282%29%3A197-201.+&btnG=

Widiastuti et al. / JIPK, 17(1):141-151

A.H.A.(2021). DNA barcoding in marine inver-
tebrates. [in English]. Jurnal Biologi Udayana,
25(1):46-56.

Kang, H., Bae, M. J., Lee, D. S., Hwang, S. J., Moon,
J. S., & Park, Y. S. (2017). Distribution patterns
of the freshwater oligochaete Limnodrilus hoff-
meisteri influenced by environmental factors in

streams on a Korean nationwide scale. Water,
9(12):1-11.

Klerks, P. L., & Bartholomew, P. R. (1991). Cadmium
accumulation and detoxification in a Cd-resistant
population of the oligochaete Limnodrilus hoff-
meisteri. Aquatic Toxicology, 19(2):97-112.

Kosman, E., & Subowo, G. (2010). Contribution of
earthworms to increase soil fertility and soil or-

ganism activities. Journal of Land Resources,
4(2):93-102.

Kumar, D. (2012). Role of non-enzymatic antioxidants
in stimulation of metallothionein against metal
toxicity. International Journal of Environmental
Sciences, 2(3):1596-1604.

Lee, J. W., Choi, H., Hwang, U. K., Kang, J. C., Kang,
Y. J., Kim, K. II, & Kim, J. H. (2019). Toxic ef-
fects of lead exposure on bioaccumulation, oxida-
tive stress, neurotoxicity, and immune responses

in fish: A review. Environmental Toxicology and
Pharmacology, 68(1):101-108.

Lee, J. Y., Tokumoto, M., Hwang, G. W., Kim, M. S.,
Takahashi, T., Naganuma, A., Yoshida, M., & Sa-
toh, M. (2018). Effect of metallothionein-III on
mercury-induced chemokine gene expression.
Toxics, 6(3):1-9.

Liu, Y., Fend, S. V., Martinsson, S., & Erséus, C.
(2017). Extensive cryptic diversity in the cosmo-
politan sludge worm Limnodrilus hoffmeisteri
(Clitellata, Naididae). Organisms Diversity and
Evolution, 17(2):477-495.

Macirella, R., & Brunelli, E. (2017). Morphofunction-
al alterations in zebrafish (Danio rerio) gills af-
ter exposure to mercury chloride. International
Journal of Molecular Sciences, 18(4):1-19.

Maktoof, A. A (2020). Use of two plants to remove
pollutants in wastewater in constructed wetlands
in Southern Iraq. Egyptian Journal of Aquatic
Research, 46(3):227-233.

Mao, L., Liu, C., Lu, K., Su, Y., Gu, C., Huang, Q.,
& Petersen, E. J. (2016). Exposure of few layer
graphene to Limnodrilus hoffmeisteri modifies
the graphene and changes its bioaccumulation by
other organisms. Carbon, 109(1):566-574.

Naveed, M. 1. (2012). Preliminary studies on aquatic
Oligochaeta in and around Chennai, Tamil Nadu,
India. Turkish Journal of Zoology, 36(1):25-37.

Nneji, L. M., Adeola, A. C., Ayoola, A. O., Oladipo,
S. O., Wang, Y. Y., Malann, Y. D., Anyaele, O.,
Nneji, . C., Rahman, M. M., & Olory, C. S.
(2020). DNA barcoding and species delimitation
of butterflies (Lepidoptera) from Nigeria. Molec-
ular Biology Reports, 47(1):9441-9457.

Peng, F. J., Ying, G. G., Pan, C. G., Selck, H., Salvi-
to, D., & Van Den Brink, P. J. (2018). Bioaccu-
mulation and biotransformation of Triclosan and
Galaxolide in the freshwater oligochaete Limno-
drilus hoffmeisteri in a water/sediment micro-

cosm. Environmental Science and Technology,
52(15):8390-8398.

Risjani, Y., Darmawan, A., Putri Renitasari, D., Lor-
ma Ayuknita, A., Rahma, F., Effendi, S., Dzacky
Pradana, M., Rachma, A., & Awaludin Adam,
M. (2022). Histopathological aberration and
17-B-estradiol imbalance in green mussel Per-
na viridis population cultured in Java Sea, In-
donesia. Egyptian Journal of Aquatic Research,
49(2):197-203.

Risjani, Y., Santoso, D. R., Couteau, J., Hermawati,
A., Widowati, 1., & Minier, C. (2020). Impact of
anthropogenic activity and lusi-mud volcano on
fish biodiversity at the Brantas Delta, Indonesia.
1OP Conference Series: Earth and Environmen-
tal Science, 493(1):1-7.

Rodriguez, P., & Reynoldson, T. B. (2011). The pol-
lution biology of aquatic oligochaetes. New
York:Springer Science & Bussiness Media .

Setiawan, A., Setyawati, T. R., & Yanti, A. H. (2015).
The abundance of Limnodrilus sp. in canal wa-
ters in East Pontianak District. [in English]. Pro-
tobiont, 4(1):248-252.

Shen, X., Lee, K., & Konig, R. (2001). Effects of
heavy metal ions on resting and antigen-activat-
ed CD4+ T cells. Toxicology, 169(1):67-80.

Shi, J.-bo, Carman, C. M. Ip, Zhang, G., Jiang, G.-
bin, & Li, X.-dong. (2010). Mercury profiles in
sediments of the Pearl River Estuary and the sur-

rounding coastal area of South China. Environ-
mental Pollution, 158(5):1974-1979.

Tamura, K., Peterson, D., Peterson, N., Stecher, G.,
Nei, M., & Kumar, S. (2011). MEGAS: Molec-
ular evolutionary genetics analysis using maxi-
mum likelihood, evolutionary distance, and max-
imum parsimony methods. Molecular Biology
and Evolution, 28(10):2731-2739.

150

JIPK: Scientific Journal of Fisheries and Marine



https://scholar.google.com/scholar?q=Rodriguez,+P.,+%26+Reynoldson,+T.+B.+(2011).+The+pollution+biology+of+aquatic+oligochaetes.+New++York:Springer+Science+%26+Bussiness+Media&hl=id&as_sdt=0,5
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Risjani%2C+Y.%2C+Santoso%2C+D.+R.%2C+Couteau%2C+J.%2C+Hermawati%2C+A.%2C+Widowati%2C+I.%2C+%26+Minier%2C+C.+%282020%29.+Impact+of+anthropogenic+activity+and+lusi-mud+volcano+on+fish+biodiversity+at+the+Brantas+Delta%2C+Indonesia.++IOP+Conference+Series%3A+Earth+and+Environmental+Science%2C+493%281%29%3A1-7.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Shen%2C+X.%2C+Lee%2C+K.%2C+%26+K%C3%B6nig%2C+R.+%282001%29.+Effects+of+heavy+metal+ions+on+resting+and+antigen-activated+CD4%2B+T+cells.+Toxicology%2C+169%281%29%3A67-80.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Lee%2C+J.+W.%2C+Choi%2C+H.%2C+Hwang%2C+U.+K.%2C+Kang%2C+J.+C.%2C+Kang%2CY.+J.%2C+Kim%2C+K.+Il%2C+%26+Kim%2C+J.+H.+%282019%29.+Toxic+effects+of+lead+exposure+on+bioaccumulation%2C+oxidative+stress%2C+neurotoxicity%2C+and+immune+responsesin+fish%3A+A+review.+Environmental+Toxicology+andPharmacology%2C+68%281%29%3A101-108.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Lee%2C+J.+W.%2C+Choi%2C+H.%2C+HwanKumar%2C+D.+%282012%29.+Role+of+non-enzymatic+antioxidants++in+stimulation+of+metallothionein+against+metal++toxicity.+International+Journal+of+Environmental+Sciences%2C+2%283%29%3A1596-1604.+g%2C+U.+K.%2C+Kang%2C+J.+C.%2C+Kang%2CY.+J.%2C+Kim%2C+K.+Il%2C+%26+Kim%2C+J.+H.+%282019%29.+Toxic+effects+of+lead+exposure+on+bioaccumulation%2C+oxidative+stress%2C+neurotoxicity%2C+and+immune+responsesin+fish%3A+A+review.+Environmental+Toxicology+andPharmacology%2C+68%281%29%3A101-108.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Lee%2C+J.+Y.%2C+Tokumoto%2C+M.%2C+Hwang%2C+G.+W.%2C+Kim%2C+M.+S.%2C+Takahashi%2C+T.%2C+Naganuma%2C+A.%2C+Yoshida%2C+M.%2C+%26+Sa-+toh%2C+M.+%282018%29.+Effect+of+metallothionein-III+on+mercury-induced+chemokine+gene+expression.+Toxics%2C+6%283%29%3A1-9.+&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Liu%2C+Y.%2C+Fend%2C+S.+V.%2C+Martinsson%2C+S.%2C+%26+Ers%C3%A9us%2C+C.+%282017%29.+Extensive+cryptic+diversity+in+the+cosmopolitan+sludge+worm+Limnodrilus++hoffmeisteri+%28Clitellata%2C+Naididae%29.+Organisms+Diversity+and+Evolution%2C+17%282%29%3A477-495.+&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Macirella%2C+R.%2C+%26+Brunelli%2C+E.+%282017%29.+Morphofunctional++alterations+in+zebrafish+%28Danio+rerio%29+gills+after+exposure+to+mercury+chloride.+International++Journal+of+Molecular+Sciences%2C+18%284%29%3A1-19.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Maktoof%2C+A.+A+%282020%29.+Use+of+two+plants+to+remove+pollutants+in+wastewater+in+constructed+wetlands+in+Southern+Iraq.+Egyptian+Journal+of+Aquatic+Research%2C+46%283%29%3A227-233.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Mao%2C+L.%2C+Liu%2C+C.%2C+Lu%2C+K.%2C+Su%2C+Y.%2C+Gu%2C+C.%2C+Huang%2C+Q.%2C++%26+Petersen%2C+E.+J.+%282016%29.+Exposure+of+few+layer++graphene+to+Limnodrilus+hoffmeisteri+modifies+the+graphene+and+changes+its+bioaccumulation+by+other+organisms.+Carbon%2C+109%281%29%3A566-574.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Kang%2C+H.%2C+Bae%2C+M.+J.%2C+Lee%2C+D.+S.%2C+Hwang%2C+S.+J.%2C+Moon%2C+J.+S.%2C+%26+Park%2C+Y.+S.+%282017%29.+Distribution+patterns+of+the+freshwater+oligochaete+Limnodrilus+hoffmeisteri++influenced+by+environmental+factors+in+streams+on+a+Korean+nationwide+scale.+Water%2C+9%2812%29%3A1-11.+&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Klerks%2C+P.+L.%2C+%26+Bartholomew%2C+P.+R.+%281991%29.+Cadmium+accumulation+and+detoxification+in+a+Cd-resistant+population+of+the+oligochaete+Limnodrilus+hoffmeisteri.+Aquatic+Toxicology%2C+19%282%29%3A97-112.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Kosman%2C+E.%2C+%26+Subowo%2C+G.+%282010%29.+Contribution+of+earthworms+to+increase+soil+fertility+and+soil+organism+activities.+Journal++of+Land+Resources%2C+4%282%29%3A93-102.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Peng%2C+F.+J.%2C+Ying%2C+G.+G.%2C+Pan%2C+C.+G.%2C+Selck%2C+H.%2C+Salvito%2C+D.%2C+%26+Van+Den+Brink%2C+P.+J.+%282018%29.+Bioaccumulation+and+biotransformation+of+Triclosan+and++Galaxolide+in+the+freshwater+oligochaete+Limnodrilus++hoffmeisteri+in+a+water%2Fsediment+microcosm.++Environmental+Science+and+Technology%2C+52%2815%29%3A8390-8398.+&btnG=
https://scholar.google.com/scholar?q=Shi,+J.-bo,+Carman,+C.+M.+Ip,+Zhang,+G.,+Jiang,+G.bin,++%26+Li,+X.-dong.+(2010).+Mercury+profiles+in+sediments+of+the+Pearl+River+Estuary+and+the+surrounding+coastal+area+of+South+China.+Environmental+Pollution,+158(5):1974-1979.&hl=id&as_sdt=0,5
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Tamura%2C+K.%2C+Peterson%2C+D.%2C+Peterson%2C+N.%2C+Stecher%2C+G.%2C+Nei%2C+M.%2C+%26+Kumar%2C+S.+%282011%29.+MEGA5%3A+Molecular+evolutionary+genetics+analysis+using+maximum+likelihood%2C+evolutionary+distance%2C+and+maximum+parsimony+methods.+Molecular++Biology+and+Evolution%2C+28%2810%29%3A2731-2739.&btnG=

JIPK

Vol 17 No 1. February 2025 | Concentration and Distribution of Oligochaeta Worms in the Waters of Kejapanan...

Wibowo, A., Panggabaian, A. S., Zamroni, A., Priatna,
A., & Yusuf, H. N. (2018). Using DNA barcode
to improve the identification of marine fish lar-
vae, case study coastal water near Jakarta and
Banda Sea, Indonesia. Indonesian Fisheries Re-
search Journal, 24(1):23-30.

Widiastuti, I. M., Hertika, A. M. S., Musa, M., & Ar-
fiati, D. (2019). Superdioxide dismutase (SOD)
and metallothionein (MT) Tubifex tubifex at the
acute mercury exposure. /OP Conference Series:
Earth and Environmental Science, 236(1):1-7.

Xu, L., Huang, Q., Xu, S., Wang, X., Zhang, P., Xu,
L., & Du, F. (2017). A new set of primers for
COI amplification from purpleback flying squid
(Sthenoteuthis  oualaniensis).  Mitochondrial
DNA Part B: Resources, 2(2):439-443.

Zeng, S., Wang, X., Yuan, W., Luo, J., & Wang, D.
(2022). Mercury accumulation and dynamics in
montane forests along an elevation gradient in
Southwest China. Journal of Environmental Sci-
ences (China), 119(1):1-10.

Zhang, L., Shang, J., He, W., You, B., & Fan, C.
(2014). The role of tubificid worms (Limnodrilus
hoffmeisteri) in sediment resuspension: A micro-
cosm study. Annales de Limnologie, 50(3):253-
260.

Zhang, Y., Sun, T., Ma, M., Wang, X., Xie, Q., Zhang,
C., Wang, Y., & Wang, D. (2022). Distribution
of mercury and methylmercury in river water
and sediment of typical manganese mining area.

Journal of Environmental Sciences, 119(1):11-
22.

Zhou, T., Jiang, W., Wang, H., & Cui, Y. (2021). DNA
barcoding of Naididae (Annelida, Oligochaeta),
based on cytochrome C oxidase gene and ITS2

region in China. Biodiversity Data Journal,
9(6):1-15.

Zulkifli, H., & Setiawan, D. (2012). Macrozoobentos
community structure in the waters of the Musi
River in the Pulokerto Region as a biomonitoring

instrument. [in English]. Jurnal Natur Indonesia,
14(1):95-99.

Copyright ©2025 Faculty of Fisheries and Marine Universitas Airlangga

151



https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Wibowo%2C+A.%2C+Panggabaian%2C+A.+S.%2C+Zamroni%2C+A.%2C+Priatna%2C+A.%2C+%26+Yusuf%2C+H.+N.+%282018%29.+Using+DNA+barcode+to+improve+the+identification+of+marine+fish+larvae%2C+case+study+coastal+water+near+Jakarta+and++Banda+Sea%2C+Indonesia.+Indonesian+Fisheries+Research+Journal%2C+24%281%29%3A23-30.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Widiastuti%2C+I.+M.%2C+Hertika%2C+A.+M.+S.%2C+Musa%2C+M.%2C+%26+Arfiati%2C++D.+%282019%29.+Superdioxide+dismutase+%28SOD%29+and+metallothionein+%28MT%29+Tubifex+tubifex+at+the+acute+mercury+exposure.+IOP+Conference+Series%3A+Earth+and+Environmental+Science%2C+236%281%29%3A1-7.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Xu%2C+L.%2C+Huang%2C+Q.%2C+Xu%2C+S.%2C+Wang%2C+X.%2C+Zhang%2C+P.%2C+Xu%2C+L.%2C+%26+Du%2C+F.+%282017%29.+A+new+set+of+primers+for+COI+amplification+from+purpleback+flying+squid+%28Sthenoteuthis+oualaniensis%29.+Mitochondrial+DNA+Part+B%3A+Resources%2C+2%282%29%3A439-443.+&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Zeng%2C+S.%2C+Wang%2C+X.%2C+Yuan%2C+W.%2C+Luo%2C+J.%2C+%26+Wang%2C+D.+%282022%29.+Mercury+accumulation+and+dynamics+in+montane+forests+along+an+elevation+gradient+in+Southwest+China.+Journal+of+Environmental+Sciences+%28China%29%2C+119%281%29%3A1-10.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Zhang%2C+L.%2C+Shang%2C+J.%2C+He%2C+W.%2C+You%2C+B.%2C+%26+Fan%2C+C.+%282014%29.+The+role+of+tubificid+worms+%28Limnodrilus+hoffmeisteri%29+in+sediment+resuspension%3A+A+microcosm+study.+Annales++de+Limnologie%2C+50%283%29%3A253260&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Zhang%2C+Y.%2C+Sun%2C+T.%2C+Ma%2C+M.%2C+Wang%2C+X.%2C+Xie%2C+Q.%2C+Zhang%2C+C.%2C+Wang%2C+Y.%2C+%26+Wang%2C+D.+%282022%29.+Distribution+of+mercury+and+methylmercury+in+river+water+and+sediment+of+typical+manganese+mining+area.+Journal+of+Environmental+Sciences%2C+119%281%29%3A1122.&btnG=
https://scholar.google.com/scholar?hl=id&as_sdt=0%2C5&q=Zhou%2C+T.%2C+Jiang%2C+W.%2C+Wang%2C+H.%2C+%26+Cui%2C+Y.+%282021%29.+DNA+barcoding+of+Naididae+%28Annelida%2C+Oligochaeta%29%2C++based+on+cytochrome+C+oxidase+gene+and+ITS2+region+in+China.+Biodiversity+Data+Journal%2C+9%286%29%3A1-15.&btnG=

	Concentration and Distribution of Oligochaeta Worms in the Waters of Kejapanan, Pasuruan, Indonesia Polluted by Mercury Waste using DNA Barcode
	1. Introduction
	2. Materials and Methods
	2.1 Materials
	2.1.1 Ethical approval
	2.1.2 Preparation Sample

	2.2 Methods
	2.2.1 Mercury Concentration (Hg)
	2.2.2 DNA Extraction and Isolation
	2.2.3 DNA Fragment Amplification and Visualiza-tion
	2.2.4 DNA Analysis and Phylogenetic
	2.2.5 Scanning Electron Microscopy (SEM)


	3. Results and Discussion
	3.1 Result3.1.1 Concentr
	3.1.1 Concentration of Hg
	3.1.2 DNA Amplification and visualization
	3.1.3 DNA Analysis and phylogeny
	3.1.4 Mercury concentration and distribution in worms

	3.2 Discussion

	4. Conclusion
	Acknowledgement
	Authors’ Contributions
	Conflict of Interest
	Declaration of Artificial Intelligence (AI)
	Funding Information
	References
	Untitled

