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Abstract

Pterygoplichthys pardalis (Suckermouth sailfin catfish or pleco fish) is included in the Loricariidae
species capable of adapting to extremely polluted environments such as the Ciliwung River. Several
studies have shown that the water of the Ciliwung River contains heavy metals such as cadmium (Cd),
mercury (Hg), and lead (Pb) originating from industrial, agricultural, and household waste around the
river. The content of these heavy metals including Cd has been detected in pleco fish's flesh, gills, liver,
and bones, which exceeds the maximum limit value set by BPOM 2017. Therefore, this study aimed to
calculate the absorption capacity of Cd and the correlation with mortality in pleco fish. The methods used
were preliminary and acute toxicity tests, alongside mortality percentages. The results showed that fish
could absorb Cd with various concentrations for 12 days of the test. The largest absorption percentage of
95% occurred in the third treatment. This showed a strong correlation of 99% with the percentage level
of pleco fish mortality to the Cd content in water.
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1. Introduction

Pterygoplichthys pardalis (P. Pardalis), or pleco fish or suckermouth fish, is a Loricariidae
species originating in South America and Central America. This fish is characterized by a flat,
dorso-ventrally body covered by hard skin, a head with a geometric dark and light line pattern,
a subterminal mouth type of filter-sucking, and a freshwater habitat, showing potential to
survive in extreme environments. Adult species have large black spots on the ventral part of
the body. Pleco fish is an invasive species widely distributed in tropical and subtropical
freshwater, including various extreme environmental conditions [!!. This fish has a labyrinth as
a respiratory tract and modifications to the stomach as additional organs that adapt to low
dissolved oxygen conditions 2. Furthermore, it proliferates without requiring intensive
maintenance .

One of the habitats of pleco fish in Indonesia is the Ciliwung River, which flows from Bogor
to Jakarta. Based on previous studies conducted in 2018-2019, the content of three heavy
metals including lead (Pb), mercury (Hg), and cadmium (Cd) was found in pleco fish flesh and
processed food products ™ 31 These metal concentrations were included in the> 1 mg/kg
category as the safe limit for consuming flesh and > 0.3 for fishery products . The Ciliwung
River has been contaminated with heavy metals [7- 81,

Cd is among heavy metals with a high level of toxicity [°!. According to Awalina, until the end
of the 20th century, 45% of total global pollution was caused by Cd [!%. This metal is often
used as the main ingredient or additional material in the battery, pigment, and plastic industries
(111 The entry of Cd metal into waters can cause metal accumulation to cause toxicity to
aquatic biota, including fish.

The direct impact of metal accumulation on fish is lethal and sublethal, which can cause
genetic effects on the biota due to central nervous system disorders, leading to death. The
sublethal effect occurs in body organs, which causes liver damage, decreased blood count,
reduced potential for reproduction, growth, and chloride >3l The influence of these
conditions requires further investigations to determine the absorption capacity and mortality of
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pleco fish exposed to Cd. Therefore, this study aimed to
calculate the absorption capacity of Cd and the correlation
with mortality in pleco fish.

2. Methods

2.1 Study Object and Location

The sample of pleco fish was kept in an aquarium and given
Cd at a predetermined concentration. The study was
conducted at the University of Al-Azhar Indonesia Biology
Laboratory in Kebayoran Baru District, South Jakarta City.
The absorption capacity of heavy metals was analyzed at the
National Research and Innovation Agency of the Republic of
Indonesia (BRIN), Lebak Bulus, South Jakarta.

2.2 Tools and Materials

The tools used in this study included acrylic aquariums,
aerators, aquarium hoses, digital cameras, pH meters, digital
thermometers, fish filters, digital TDS meters, cool boxes,
jerry cans, Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES), Digestive microwaves, and ovens.
Other tools included digital scales, surgical scissors, scalpels,
funnels, sample bottles, micropipettes, desiccators, measuring
cups, crucibles, measuring flasks, label paper, ziplock plastic,
paranet nets, mortars, and pestles. The materials used were
pleco fish measuring 5-10cm, Cd metal, distilled water,
pellets, concentrated HC1, H202, HNO3, and 70% alcohol.

2.3 Study stage

2.3.1 Test Fish Acclimatization

The maintenance media used in this study was a 30cm x 30cm
x 20cm acrylic aquarium cleaned with water and sun-dried
before use. Furthermore, the test animals were acclimatized
for 7 days with sufficient aeration and pellet feed provided 2
times a day. 180 healthy pleco fish measuring 10-13 cm were
acclimated for preliminary and toxicity tests.

2.3.2 Toxicity Test

The test was used to determine the Cd toxicity level. An acute
toxicity test was performed based on the concentration of Hg
in each test media, where higher (N) and lower threshold
values (n) were obtained from the preliminary test. The fish
was observed according to the time series, namely 24, 48, 72,
and 96 hours.

2.3.3 Aquarium Water Quality Measurement

Aquarium water quality was observed by measuring
temperature, acidity level (pH), and Total dissolved solids
(TDS) using a digital water thermometer, pH, and TDS meter,
respectively. The study carried water quality parameter
measurements at the acclimatization and toxicity test stages
for 7 and 4 days, respectively.

2.3.4 Analysis of Heavy Metal Absorption Power

The absorption power of Cd in pleco fish was analyzed using
the ICP-OES tool. Initially, the dry sample was destroyed
using a microwave acid digestion tool to change the powder
sample into a liquid form. This process was dissolved using 8
ml reagents of 65% HNO3 and 2 ml of 30% H202 for 90
minutes at a temperature of 180°C. Subsequently, the sample
passed through a heavy metal analysis test using the ICP tool
at a wavelength of 214.438 mm for Cd. The working principle
of the ICP-OES tool is to change the metal sample in the body
of the fish and water into an aerosol form by argon gas. This
method has multi-element analysis capabilities, a high level of
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selectivity, and accuracy, and a low detection limit, enabling
the detection of all metal elements 1141,

2.3.5 Fish Mortality Percentage

Mortality observation was conducted on the first and last day
of the toxicity test. This included subtracting the number of
fish at the beginning from the number at the end of
maintenance. Subsequently, the results were compared with
the number of fish at the beginning of maintenance !'1:

__initial number of fish—final number of fish

Mortality % =

X 100%

initial number of fish

2.4 Data Analysis

The data obtained in the study were inputted and grouped or
tabulated into a table according to the objective and purpose.
The results of preliminary test data, acute toxicity tests, and
mortality percentages were tabulated in table form and
analyzed descriptively.

3. Results and Discussion

3.1 Acclimatization

Acclimatization is the process of adapting to different
environmental conditions, from breeding grounds to pond
water, without causing stress. This process is conducted
because all animals can regulate body morphology, thereby
adapting to new environments ['°. Water quality parameters at
temperature, pH, and TDS are calculated routinely for 10 days
using available measuring instruments (Table 1).

The temperature measurements during the acclimatization
phase showed results ranging between 30-32 °C (Table 1).
Temperature is a factor that affects fish activity during the
study because P. pardalis requires specific environmental
conditions to survive. During acclimatization, this
temperature range was highly supportive of the growth of P.
pardalis. This range is still considered optimal for freshwater
aquaculture, according to the quality standard set by
Government Regulation 82 of 2001, which is 25-32 °C 171,
The pH values obtained during the 10-day acclimatization
phase of P. pardalis were still within a normal range, between
7.3-8.22 (Table 1). The suitable pH range for freshwater fish
farming is between 6 and 9. A lethal pH value for fish is
below 4 or above 11, as not all aquatic organisms can survive
changes in water pH. The impact of water pH on freshwater
fish farming, if the pH changes, will disrupt the survival of
the organisms as it affects fish growth and respiration
processes 181,

Table 1: Water quality measurement during fish acclimatization for

10 days
Day Temperature (°C) pH TDS (mg/L)
1 30,2 7,3 142
2 31 7,41 146
3 32 7,85 147
4 30,6 7,7 154
5 30 8 154
6 30 8,15 159
7 30 8,18 161
8 31 8,14 164
9 31 8,14 163
10 31,3 8,22 165
Normal temperature and pH conditions were also

accompanied by safe total dissolved solids (TDS) values. The
TDS values obtained during the 10-day acclimatization test
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ranged from 142-165 mg/L (Table 1). The TDS values in each
aquarium remained below <1000 ppm, which is categorized
as suitable for fish farming activities. According to
Government Regulation No. 82 of 2001, the maximum
permissible TDS level for Class III aquatic fish farming is
<1000 ppm. Low TDS values can be influenced by the
presence of filtration media installed in the aquariums, while
high TDS values can result from increased fish activity, such
as residual feed and excretion from fish metabolism ['],

3.2 Metal Toxicity Test

The acute toxicity test was carried out for 12 days by
administering heavy metal liquid Cd based on the
predetermined treatment. For treatment concentrations 1, 2,
and 3 1.435 mg/L, 2, 8.434 mg/L, and 3, 31.144 mg/L were
dripped, respectively. These concentrations were determined
based on the percentage of mortality levels carried out in a
previous study [2°1. Water quality parameters were measured
at the toxicity test stage by measuring temperature, pH, and
TDS (Table 2).

Table 2: Water quality measurement in acute fish toxicity test for 12

days
Concentration Parameter
(mg/L) Temperature (°C) pH TDS (mg/L)
Control 29,8-32,8 7,4-8,3 154-266
P1 (1,435) 28,4-31,3 8,1-8,2 178-332
P2 (8,434) 28,6-30,4 8-8.3 181-242
P3 (31,144) 28,5-30,8 7,7-8,2 195-341

An acute toxicity test was conducted to evaluate the relative
toxicity level of chemicals to certain aquatic organisms in
short-term exposure time. Based on the data obtained for 12
days in each treatment, the water quality was still within
acceptable limits or met the fish survival requirements with
temperatures ranging from 28.5-32.8 °C. The safe
temperature value for fish farming based on Government
Regulation No. 82 of 2001 is 25-32 °C ['"), The pH value of
aquarium water in the toxicity test ranged from 7.4 to 8.3.
This value is still relatively safe for the freshwater fish's life,
as the optimal pH range is approximately 7-8 ['8]. Significant
changes in pH towards acid or base can disrupt water quality.
This is closely related to the solubility of heavy metals, where
an increase in pH is correlated with a decrease in solubility.
Generally, the ability of aquatic organisms to accumulate
heavy metals depends on the type of organism, heavy metal,
length of exposure time, and conditions of the aquatic
environment. It was also reported that the concentration of
heavy metals was directly proportional to pH value !, The
measuring result of the TDS value parameters in the toxicity
test ranged from 154-341 mg/L, showing the solubility level.
In this study, TDS measurements were carried out to
determine the distribution of TDS values in water 221,

3.3 Cd Metal Absorption in Pleco Fish

Based on the analysis, a higher concentration of Cd in water
led to a greater percentage of absorption capacity in pleco fish
(Figure 1). Changes in water quality such as temperature, pH,
and TDS during the study significantly influenced the daily
activities of pleco fish in responding to and regulating their
body metabolism when toxic substances enter the
environment (Table 1). Pleco fish are freshwater species that
usually live in environmental conditions with lower salt
concentrations than their bodies, thereby absorbing more
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water to maintain osmotic balance. % 2%24, This is also related
to the significantly high adaptability, which can live in water
conditions polluted by various heavy metals as well as
organic and inorganic waste 12526 27],
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Fig 1: Percentage of Cd metal absorption for 12 days

Cd is absorbed by fish with water or food and transported
through blood circulation to migrate and distribute to various
tissues as well as organs of fish. After absorption, Cd will
accumulate in detoxification organs such as the kidneys and
liver. However, when carried by food intake, it will
accumulate and be absorbed in the intestinal organs. [> % 28I,
Metal content absorbed by pleco fish in each treatment is
distributed to all organs of the fish [ >3 28,29, 301 Meanwhile,
each organ has an absorption capacity and limits related to
fish's respiratory system and metabolism.

3.4 Mortality Percentage of Pleco Fish

Based on the observation results, there was no death in the
control treatment because the fish were not exposed to Cd
metal. The results showed that the third treatment with the
most fish deaths had a Cd metal concentration of 31.144
mg/L, followed by the second and first treatments with
exposure of 1.435 and 8.434 mg/L, respectively. Pleco fish
became disturbed and uncomfortable in a polluted
environment, causing mortality at the metal concentration
level given in each treatment. This was supported by data
showing a decrease in Cd level, which contributed to the
mortality rate in pleco fish, as presented in Figure 2.

The mortality percentage in pleco fish was directly
proportional to Cd concentration in each aquarium (Figure 1).
The results showed that a greater percentage of Cd absorption
caused higher mortality. The mortality rate of P. pardalis in
aquatic environments contaminated with high concentrations
of heavy metals is influenced by the concentration of metals
in the water 2% 3% 31, P. pardalis exposed to the heavy metals
Cd, Hg, and Pb had shown strong endurance and can survive
even in an aquatic environment contaminated with high
concentrations of metal. This highlights the unique
characteristics of the pleco fish were their high adaptability by
survival in extreme aquatic environments containing heavy
metals and various wastes at high concentration [ 3233341

The mortality of pleco fish in the observation did not reach
100%. This was because, during the acclimatization process
until the toxicity test, environmental parameters such as pH,
TDS, and temperature were still relatively safe for freshwater
fish cultivation, as shown in Table 2. Therefore, pleco fish
can survive in conditions exposed to Cd, both with its high
adaptability and environmental conditions that are relatively
safe during the study ['%2°],
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Fig 21: The mortality percentage of pleco fish

In fish, mortality is caused by disruption of the internal organ
system due to the absorption of heavy metals through the
respiratory and digestive systems. The effect of Cd
accumulated on pleco fish causes damage to gills, intestines,
and internal tissues such as the liver and kidneys. In a fish's
body, metal is absorbed by the blood and binds to blood
proteins, which are distributed throughout the tissues, thereby
affecting the structure and function of the gills, liver, and
gonads. Furthermore, Cd can affect physiological metabolism,
the reproductive, and immune systems, causing metabolic,
physical disorders, or death [3% 31 35 36,37, 38, 39 The heavy
metal accumulation in fish is influenced by several factors,
both from the external environment and the internal
characteristics of the fish. These factors include the aquatic
environment, fish  biology, ecosystem interactions,
anthropogenic, climate, and physiological activity [2% 3240, 411,

Cd is a heavy metal that is classified as non-essential and the
most toxic at high concentrations. Exposure to Cd in fish can
affect the reproductive rate, causing gradual extinction of
generations in polluted water [3% 3% 38,421 The Cd metal could
induce various epigenetic changes, causing variations in the
chemical modification of DNA, histones, and chromatin.
Therefore, fish have a greater risk of disease, which triggers
the development of various cancer cells. This shows the need
for various indicators to show the impact of Cd pollution on

the aquatic environment to evaluate ecosystem safety [3% 36 37
38]

4. Conclusion

In conclusion, this study showed that pleco fish could absorb
the administration of Cd with various concentrations for 12
days of the test. The largest absorption percentage of 95%
occurred in the third treatment. This showed a strong
correlation of 99% with the mortality percentage of pleco fish
to Cd content in water.

5. Acknowledgment

This study received funding assistance from Grant UAI
(University of Al Azhar Indonesia) in 2024 through the Joint
Research Grant scheme, contract number 17/PKS/A-
01/UAI/IV/2024. The authors are grateful to the laboratory
assistants, technicians, the study team at BRIN Lebak Bulus,
and all parties who assisted in the study activities for
successful completion.

6. References

1.  Armbruster JW. Pseudancistrus sidereus, a new species
from southern Venezuela (Siluriformes: Loricariidae)
with a redescription of Pseudancistrus. Zootaxa.
2004;628(1):1-15.

10.

11.

12.

13.

14.

15.

16.

~125~

https://www.fisheriesjournal.com

Armbruster JW. Modifications of the digestive tract for
holding air in Loricariid and Scoloplacid catfishes. Am
Soc Ichthyol Herpetol. 1998;3(3):663-675.

Pinem FM, Pulungan CP, Efizon D. Reproductive
biology of Pterygoplichthys pardalis in the Air Hitam
River, Payung Sekaki District, Riau Province. Jurnal
Online Mahasiswa. 2014;3(1):1-14.

Putri HD, Elfidasari D, Sugoro I, Haninah. Nutritional
content of plecos fish Pterygoplichthys pardalis bone
flour from the Ciliwung River, Indonesia. Biosaintifika.
2020;12(3):329-334.

DOI:  10.15294/biosaintifika.v12i3.23881.
from:
https://journal.unnes.ac.id/nju/index.php/biosaintifika/arti
cle/view/23881

Elfidasari D, Ilmi LM, Shabira AP, Sugoro I. The
correlation between heavy metal and nutrient content in
Plecostomus (Pterygoplichthys pardalis) from Ciliwung
River in Jakarta. Biosaintifika. 2018;10(3):597-604.
Available from:
https://journal.unnes.ac.id/nju/index.php/biosaintifika/arti
cle/view/16248/8717

Badan Standardisasi Nasional. SNI  7387:2009.
Maximum limits of heavy metal contaminants in food.
BSN, Jakarta; c2009.

Elfidasari D, Ismi LN, Sugoro I. Heavy metal
contamination of Ciliwung River, Indonesia. J Int Sci
Publ Eco Safety. 2019;13:106-111. Available from:
https://www.scientific-
publications.net/en/article/1001864/

Elfidasari D, Ismi LN, Sugoro I. Heavy metals
concentration in water, sediment, and Pterygoplichthys
pardalis in the Ciliwung River, Indonesia. AACL-
BIOFLUX. 2020;13(3):1764-1778. Available from:
http://www.bioflux.com.ro/docs/2020.1764-1778.pdf
Riani E. Climate change and aquatic biota life (Impact on
the Bioaccumulation of Hazardous and Toxic Substances
and Reproduction). Bogor: IPB Press; 2012.

Awalina. Bioaccumulation of Lead (Pb) and Cadmium
(Cd) metal ions in phytoplankton in several lakes around
Bogor Regency. [Thesis]. Depok: Universitas Indonesia
Press; c2011.

Jaishankar M, Tseten T, Anbalagan N, Mathew B,
Beeregowda K. Toxicity, mechanism, and health effects
of some heavy metals. Interdiscip Toxicol. 2014;7(2):60-
72.

Rahmadani TBC, Diniawirisan D. Cadmium (Cd) heavy
metal contamination in waters and the impact on fish.
Jurnal Ganec Swara. 2023;17(2):440-445. Available
from:
http://journal.unmasmataram.ac.id/index.php/GARA
Jumawan JC. Histopathological effects of sub-acute lead
chloride on the vital organs of the suckermouth sailfin
catfish Pterygoplichthys pardalis Castelnau. Int J Fish
Aquat Stud. 2015;2(6):28-32.

Afifah Z, Kurniyawan K, Huda T. Verification of the
method for determining lead (Pb) levels in ambient air
samples using Inductively Coupled Plasma-Optical
Emission Spectroscopy (ICP-OES). IJCA (Indonesian J
Chem Anal). 2019;2(2):74-79.

DOI: 10.20885/ijca.vol2.iss2.art5.

Effendi MI. Fisheries biology. Yogyakarta: Yayasan
Pustaka Nusatama; c1997. p. 163.

Arianto RM, Fitri ADP, Jayanto BB. The influence of

Available


https://www.fisheriesjournal.com/

International Journal of Fisheries and Aquatic Studies

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

acclimation salinity on the value death and the response
of movement of wader fish (Rasbora argyrotaenia) for
live bait of Cakalang. J Fish Res Util Manag Technol.
2018;7(2):43-51. Available from: http://www.ejournal-
sl.undip.ac.id/index.php/jfrumt

Syahrul S, Nur M, Fajriani F, Takril T, Fitriah R.
Feasibility study on water quality for aquaculture
purposes in Batetangnga Rivers, Binuang District, West
Sulawesi. J Fish Mar Sci. 2021;3(1):171-181.

Irawan D, Puspita Sari S, Prasetiyono E, Syarif AF.
Growth performance and survival of Seluang fish
(Rasbora einthovenii) under different pH treatments. J
Aquatropica Asia. 2019;4(2):15-22.

Pratama MA, Arthana W, Kartika GRA. Fluctuations in
water quality in Nile Tilapia (Oreochromis niloticus)
farming with various recirculation systems. Curr Trends
Aquat Sci. 2021;IV(1):102-107.

Amalia S. Toxicity and bioaccumulation test of cadmium
(Cd) in cultured suckermouth fish (Pterygoplichthys
pardalis). Skripsi. Jakarta: Universitas Al-Azhar
Indonesia; 2021.

Anzori I, Pringgenies D, Redjeki S. Effect of pH increase
on heavy metal content of Cu and Cd and the structure of
gills and mantle of Anadara granosa clams using
Scanning Electron Microscopy (SEM). J Moluska
Indonesia. 2019;3(1):23-27.

Nurhidayati N, Didik LA, Zohdi A. Identification of
heavy metal pollution around Lembar Port using physical
and chemical parameter analysis. J Fisika Flux: J Ilmiah
Fisika  FMIPA Univ Lambung Mangkurat.
2021;18(2):139-148. DOI: 10.20527/flux.v18i2.9873.
Asmaini A, Handayani L, Nurhayati N. Addition of nano
CaO from mussel shell waste (Pilsbryoconcha exilis) in
saline media for the growth of Nile Tilapia (Oreochromis
niloticus). Acta Aquatica: Aquatic Sci J. 2020;7(1):1-7.
DOI: 10.29103/aa.v7i1.1927.

Elfidasari D, Wijaya F, Muthmainah HF. Habitat
characteristic  of  suckermouth armored catfish
Pterygoplichthys pardalis in Ciliwung River, Indonesia.
Int J Fish Aquat Stud. 2020;8(3):141-147.

Putri A, Bilqis J, Zikre A, Surtikanti HK. Potentially
toxic freshwater fish varieties. Asian J Toxicol Environ
Occup Health. 2024;1(2):53-59.

Seshagiri B, Swain SK, Pillai BR, Satyavati C, Sravanti
Y, Rangacharulu PV, Rathod R. Suckermouth armored
catfish (Pterygoplichthys spp.) menace in freshwater
aquaculture and natural aquatic systems in Andhra
Pradesh, India. Int J Fish Aquat Stud. 2021;9(1):375-384.
Geetha G, Surendran A, Thatheyus. Influence of Amazon
sailfin catfish, Pterygoplichthys pardalis on the chemical
characteristics of dairy effluent. Sci Arena Publ.
2019;5(1):23-32.

Suryani A, Nirmala K, Djokosetyanto D. The
accumulation of heavy metal (Lead and Copper) in
Milkfish (Chanos-Chanos, Forskal) ponds from Dukuh
Tapak, Kelurahan Tugurejo, Semarang. J Nat Res
Environ Manag. 2018;8(3):271-278. DOI:
10.29244/jps1.8.3.271-278.

Elfidasari D, Sugoro I, Nabila D, Rafialdi, Amalia SN.
Survivability of Pterygoplichthys pardalis from Ciliwung
River, Jakarta, Indonesia based on metal toxicity test and
bioaccumulation of cadmium, mercury, and lead. AACL
BIOFLUX. 2022;15(6):3293-3302. Available from:
http://www.bioflux.com.ro/home/volume-15-6-2022/

30.

31.

32.

33.

34.

35.

36.

~126~

https://www.fisheriesjournal.com

Silva VM, Santana GM, de Jesus Pinto M, et al.
Bioaccumulation of toxic metals in freshwater fish in
Brazil: Gaps, applications, and future directions for
environmental biomonitoring. Water Air Soil Pollut.
2023;234:67. DOI: 10.1007/s11270-023-06682-1.

Fatima S, Muzammal M, Rehman A, Rustam SA,
Shehzadi Z, Mehmood A. Water pollution of heavy
metals and its effects on fishes. Int J Fish Aquat Stud.
2020;8(3):06-14.

Kasminati K, Latuconsina N, Putri AA, Khasanah R,
Fahrul N, Syahrul S. Species determination and heavy
metal content of sailfin catfish (Pterygoplichthys
pardalis) from Tempe Lake, South Sulawesi, Indonesia.
Biodiversitas. 2022;23(9):4409-4417.

Amir N, Syahrul S, Djamaluddin N. Suckermouth catfish
(Pterygoplichthys pardalis) in Wajo Regency, South
Sulawesi Province: The heavy metal content of Lead
(Pb), Mercury (Hg), and Arsenic (As). J Agribisnis
Perikanan. 2020;13(2):173-174.

Elfidasari D, Qoyyimah FD, Fahmi MR, Puspitasari RL.
Variation of suckermouth fish (Loricariidae) in the
Ciliwung Waters based on morphological characteristics.
J Al-Azhar Indonesia Seri Sains Teknol. 2016;3(4):221-
225. DOI: http://dx.doi.org/10.36722/sst.v3i4.164.
Effendi H. Environmental pollution assessment.
Bandung: Penerbit Kanisius; c2010.

Fischer M, Thomas F, Figueroa A, Garcia-Sanchez G,
Leén-Valdivia K, Lopez-Luna E. Bioaccumulation and
biomarkers of heavy metal exposure in freshwater fish
species. Sci Total Environ. 2019;711:135455.


https://www.fisheriesjournal.com/

