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Malachite green (MQ) is still used at present to cure fish and prawn that have been infected with
pathogenic agents in aquaculture and the ornamental fish sector. It is most used for its antifungal,
antiparasitic, and antibacterial activities. The therapeutic and lethal dose is also fairly close, and
there is a risk of overdoes when used for treatment. Moreover, MG is also emitted into the
environment through the disposal of effluents from aquaculture farms, which may lead to aquatic
environments being polluted. This study aimed to establish a method of detection of Malachite
Green (MG) in environmental samples using solid phase extraction in conjunction with visible
spectrophotometry. The calibration curve was linear (R? > 0.99) in the range of 0.1-1.5 mg/L, and
the detection limits were 0.034 mg/L in deionized water and 0.082 mg/L in Sepang River water.
Although these limits are not suitable for environmental analysis down to the parts per billion
level, the water samples were first concentrated using a solid phase extraction column based on
a biosorbent to enhance sensitivity by about a hundredfold. There were significant matrix effects,
but robust sample preparation was used to reduce them. The concentrations of MG varied during
the day and were highest at midday, which might have been because of higher aquaculture or
industry activity at that time. Even though the levels were below the recommended limits for
aquaculture products, the existence of MG is hazardous to the environment and human health
because of its carcinogenic and mutagenic activities, especially in sensitive organisms.

INTRODUCTION

up in the fish's various organs, which people eat [3]. The effects
of MG and LMG on human health have led to their regulation in

Malachite Green (MG) is an artificial dye that is in the
triphenylmethane dyes class. It has been used in many areas,
including aquaculture because it is effective at fighting fungi and
parasites. It is used a lot in fish and egg treatment because it is
very efficient in pitting water mold diseases, especially
Saprolegnia  species and  protozoan  parasites  like
Ichthyophthirius multifiliis [1]. However, the problem of its
toxicity and environmental persistence has raised many concerns;
therefore, the product has been regulated [2]. Fish experiments
show that MG can cause acute poisoning and death if not used
properly. Also, MG is metabolized to Leucomalachite Green
(LMG), a compound with a longer biological half-life, thus
meaning that MG is still present in the fish tissues for a longer
period of time. This persistence is a problem because LMG builds

several countries. In 1992, the government of Canada put MG in
Class II Health Hazard because of the severe adverse health
effects that are associated with consuming affected fish. MG was
prohibited from use in food in the United States in 1983, and the
U.S. Food and Drug Administration (FDA) detected MG residues
in imported seafood as late as 2006, which led to import
restrictions [4]. The United Kingdom and many other countries
have also prohibited the use of MG in aquaculture, which is in
conformity with the risks that the chemical poses [5].

However, MG is still prohibited in some areas because it is
easily available and very effective. There is evidence of MG
residues in fish caught from countries with more lenient
standards, which suggests that the chemical is still being used
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illegally. This illegal use affects the health of the consumer and
jeopardizes food safety standards of trade [6]. Another major
problem is the environmental pollution caused by MG. These
compounds are discharged into various water bodies either
through their disposal or continued unlawful use of the products.
This has established the presence of MG and LMG in freshwater,
brackish, and marine environments, which suggests that the
environment is being polluted [7]. The persistence of MG and its
metabolites in the environment is dangerous to aquatic life and
may have ecological impacts and, via bioaccumulation, to
humans. Malachite Green (MG) is a synthetic dye used widely in
aquaculture because of its antifungal and antiparasitic activities
and its different levels of toxicity to different aquatic organisms.
LC50 values (median lethal concentration)—a standard measure
of acute toxicity that is the concentration at which 50% of the test
organisms die—are quite different across species, depending on
their sensitivity to MG exposure. Bill et al. in a wide-ranging
study, determined the 96-hour LCso values for MG in fish were
30.5 pg/L for bluegills (Lepomis macrochirus), suggesting high
sensitivity and 383 pg/L for Coho salmon (Oncorhynchus
kisutch), which indicates relatively higher tolerance [8].

Methods for the detection of Malachite Green (MG) in
environmental and biological samples have been developed
and/or optimized and are summarized in this review article.
HPLC is the most common method because of its high sensitivity
and accuracy, especially when combined with visible or
fluorescence detection [9]. However, it has some disadvantages
in the form of expensive equipment, the need for highly trained
personnel, and the length of the sample preparation process. The
use of LC-MS boosts the selectivity as MG, and its metabolite
Leucomalachite Green (LMG) can easily be differentiated
through mass spectral analysis. Nevertheless, the major demerit
of the LC-MS system is the high cost and susceptibility to matrix
effects, which demand strict validation. SERS has been proposed
as a new technique that can provide ultra-high sensitivity with
almost zero sample treatment when nanosilver-coated magnetic
particles are used [10]. Nevertheless, the problem of unreliability
still exists because of the problems in substrate usage. In addition,
the fluorescence-based aptamer assays can also detect the target
rapidly and with high sensitivity and with the possibility of the
assay performance at the point of need; however, there are some
drawbacks, such as the instability of the aptamers and the
possibility of the assay interference by other components of the
sample [11].

The acceptable limit of malachite green in drinking water is
typically below detectable levels, often set at less than 0.001
mg/L, due to its potential carcinogenic and toxic effects on
human health and aquatic life [5]. Regulatory agencies such as
the U.S. Environmental Protection Agency (EPA) and the
European Union (EU) emphasize that substances like malachite
green, which pose significant health risks, should be maintained
at concentrations as low as reasonably achievable (ALARA
principle), with zero tolerance in potable water [7]. Scientific
studies further support this, highlighting the high toxicity of
malachite green even at low concentrations, and recommend
strict monitoring to ensure its absence in drinking water sources
[5,12].

Among the techniques that have been discussed, the
application of solid-phase extraction (SPE) in combination with
visible detection at 624 nm is presented as a very applicable and
economical approach. SPE is used to pre-concentrate MG from
large water samples, which enhances the detection limits and
reduces the possibility of interferences [9]. When this method is
implemented with visible spectrophotometry, quantification can

be done easily because it does not involve the use of costly
instruments. The visible detection at 624 nm is easy to
implement, and it can be done by laboratories that may not have
sophisticated equipment. However, SPE cannot give a very
efficient method of detecting LMG without further modification;
however, their simplicity, low cost, and high efficiency make
them useful for environmental and food safety screening.
Therefore, the 624 nm visible detection method assisted by SPE
enrichment seems to be optimal in terms of efficiency and
simplicity.

MATERIALS AND METHODS

Reagents and standards

Standards of Malachite Green (MG) and Leucomalachite Green
(LMG) (>99% purity) were obtained from Sigma-Aldrich (St.
Louis, MO, USA). High-purity solvents used include methanol
(HPLC grade), acetonitrile, ethanol, and hydrochloric acid (37%)
obtained from Merck (Darmstadt, Germany). Other reagents
include formic acid (99%), ammonium acetate, and potassium
dichromate (K2Cr.0~) obtained from Fisher Scientific (Waltham,
MA, USA). The water with a purity of 18.2 MQ cm was produced
using the Milli-Q water purification system (Millipore, Billerica,
MA, USA). The 1000 mg/L MG stock solution was made in
methanol and kept at 4°C in the dark. The LMG standard solution
(1000 mg/L) was also made in methanol. Working standard
solutions (0.1-2 mg/L) were made in deionized water and must
be prepared immediately before analysis. Moringa oleifera pods
were bought from the fresh market.

Water samples

Water samples were collected at Sepang River (Negeri Sembilan,
Malaysia) every hour for 6 hours in Jan 2020 at the location
2.639089° N, 101.727560° E. Sampling was carried out at the
surface to a depth of 20 cm using 500 mL amber glass bottles,
and the samples were kept on ice. In-situ pH, temperature, and
conductivity measurements were made using a Hanna HI9813-5
multiparameter meter. The samples were brought to the
laboratory and processed not later than 6 hours to avoid
degradation.

LMG conversion to MG

To ensure that MG and its primary metabolite, LMG, were
detected completely, the LMG was oxidized to MG according to
the method of [9] with some alterations. First, a 10 mL water
sample was transferred into a borosilicate glass reaction vessel,
and then 1 mL of 0.05 M KzCr.0- was added to the vessel, and
the mixture was thoroughly mixed. The mixture was then heated
in the water bath at 60°C for 30 min to ensure that LMG was fully
oxidized to MG. The reaction was quenched with 1 mL of 1 M
ammonium acetate buffer (pH 4.5), then the sample was placed
in the cold and extracted. This oxidation step made it possible to
determine the quantity of MG and its metabolite (LMQG) in the
environment.

Preconcentration

A new strategy for the enrichment and determination of malachite
green (MQ) in industrial wastewater was proposed using a bio-
sorbent prepared from lignocellulose biomass composite from
Moringa oleifera pods modified with CuFe2Oa4. The bio-sorbent
was produced by subjecting the powdered Moringa oleifera pods
to hydrogen peroxide treatment and then subjecting the treated
pods to CuFe204 through a co-precipitation method. For sample
extraction, 0.5 g of the composite was placed in an EXtrelut®
column (Merck KGaA, Darmstadt, Germany), which was
previously conditioned with water and methanol, and 100 mL of
river water was passed through at 1 mL/min. After washing up
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with ultrapure water, MG was eluted with 20 mL of methanol, the
elevator was concentrated to dryness under nitrogen and then
redissolved in a methanol-water solution containing MG as an
internal standard [13]. The suitability of the method was tested
on different industrial wastewater samples, and the results
indicated that it could be used as a cheap and environmentally
friendly method for routine analysis of MG in environmentally
relevant samples.

MG determination

The concentration of Malachite Green was determined using a
Shimadzu UV-1800 UV-Vis spectrophotometer at 624 nm, which
is the maximum absorption of MG. The standard solutions were
made in 50:50 (v/v) methanol-water, and a calibration curve was
created using these standards (0.1-1.5 mg/L). The LOD was
calculated as three blank measurements.

Matrix Effect

The matrix effect is calculated by comparing the signal intensity
of a sample in a matrix (such as a biological fluid or food extract)
to the signal intensity of the same analyte in deionized water. The
formula used to calculate the matrix effect percentage is as
follows:

Signal Intensity (Matrix) — Signal Intensity (Deionized Water
Matrix Bffect (o) = |8 y (Matri) — Signal Intensity (Detonz M 100
[ Signal Intensity (Deionized Water)

Using the provided data, the matrix effect for each concentration
can be calculated. In this case, the matrix effect is consistent -
4.0% across all concentrations, indicating a slight suppression of
the signal in the matrix compared to pure water.

RESULTS AND DISCUSSION

The method of analysis previously developed for the purpose of
detecting Malachite Green (MG) has been shown to possess
desirable characteristics. The calibration curve was found to be
highly linear (R? > 0.99) within the working range of 0.1-1.5
mg/L. The detection limit (LOD), three times the standard
deviation of the blank divided by the slope of the calibration
curve, was determined to be 0.034 mg/L in deonized water and
0.082 mg/L in Sepang river water matrix (Table 1), which are
relatively not low enough for environmental analysis (Mitrowska
et al., 2005), but after the preconcentration process, will be at a
sensitive level.

Table 1. Method performance parameters.

Parameter Value

Wavelength (Amax) 624 nm

Linear Range 0.1-1.5 mg/L

Limit of Detection (LOD) 0.034 mg/L (95% confidence interval from
Deionized water 0.005 to 0.060 mg/L)

Limit of Detection (LOD) 0.082 mg/L (95% confidence interval from
River water 0.031 to 0.128 mg/L)

Correlation Coefficient (R?) >0.99

The results of the physicochemical parameters of water
samples collected from the Sepang River for 6 hours (Table 2)
are useful in determining the conditions of the river. These
parameters are useful in predicting water quality and possible
effects on pollutants such as Malachite Green (MG). The pH
levels were between 6.7 and 6.9, which shows slightly acidic
water.

This range is within the range considered safe for freshwater
ecosystems, which have a pH of between 6.5 and 8.5 [14]. The
acidity could be due to natural organic acids from decaying
vegetation or from artificial sources such as industries or
agriculture in the surrounding areas [15]. Water temperatures
decreased slightly during the day and were between 26.6°C and
27.6°C. This temperature range is characteristic of tropical rivers
and can affect the solubility and toxicity of pollutants like MG
[12]. MG is more toxic to aquatic organisms at higher
temperatures, as Bill et al. [8] found when they experimented on
different species of fish. The conductivity of the water was 201—
228 pS/cm, which is intermediate for ions in water. These values
are within the range expected in freshwater systems and may
indicate the presence of dissolved solids from natural minerals or
pollutants [16]. Changes in conductivity could be attributed to
tides, especially since the samples were obtained from the river
mouth, or to changes in runoff and discharge from the
surrounding areas. The slight changes in these parameters over
the 6 hours could be due to diurnal changes and possible effects
of tidal cycles at the sampling site. These fluctuations can
significantly impact the distribution and movement of pollutants
like MG in the aquatic environment [17].

These physicochemical parameters do not include MG
concentrations, but they are factors that can influence the
behavior of MG in the aqueous environment. The moderate
temperatures and conductivity levels suggest conditions that can
lead to the persistence of MG in the water column. The
physicochemical parameters of the Sepang River samples
indicate a relatively constant aquatic environment during the
sampling period. Nevertheless, these conditions may well
facilitate the persistence and toxicity of pollutants like MG if they
are present. More data collection and examination of these
parameters and direct measurement of MG levels would be very
useful to fully understand the ecology of the river and the risk of
pollution.

Table 2. Physicochemical parameters of Sepang River water samples.
Data are mean + standard deviation of triplicates.

Sample  Time

(Hour) pH Temperature (°C)  Conductivity (uS/cm)
12.30 pm 6.8+0.2 275+0.2 201 £5
1.30 pm 6.9+0.1 27.6+0.2 222+5
2.30 pm 6.8+0.1 274+0.2 228 +5
3.30 pm 6.7+0.1 273402 21545
4.30 pm 6.8+0.1 26.9+0.2 217+5
5.30 pm 6.9+0.1 26.6+0.2 223+5

This research also shows that the matrix effects were
substantial in this study and were 18.493% =+ 8.617 (stdev) (Fig.
1), which shows that the river matrix strongly affected reducing
signals. This is important in environmental analysis, where many
sample components can interfere with analyzing the analytes of
interest. The method's robustness across different sample
matrices makes it suitable for use in environmental samples for
analysis. Recent research has also focused on developing new
methods for removing MG from aquatic ecosystems. These
include the application of nanocomposites, biodegradation [20—
23] and biosorption [24-27]. However, implementing these
methods for large-scale environmental remediation is still a
problem.
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Fig. 1. Calibration curve for MG in deionized water and river water. Data
are mean =+ standard deviation of triplicates.

The oxidation of Leucomalachite Green (LMG) to MG, an
important part of the analytical scheme, was high, and the rate of
oxidation was 92.3 + 1.8% (Table 3). This step is very important
in order to determine the total amount of MG and its primary
metabolite LMG, which is known to be more persistent in the
environment [5]. The high conversion rate ensures that the
method gives a clear picture of the levels of MG pollution. The
river water samples' pH, temperature, and conductivity were also
measured. The average pH was 7.2 + 0.3, temperature 28.5 +
1.2°C, and conductivity 423 + 45 pS/cm. There was no
significant relationship between the MG concentrations and these
physicochemical parameters, which suggests that other inputs or
hydrological conditions may be more important in the
distribution of MG in the river.

Table 3. Oxidation Efficiency of LMG to MG. Data are mean =+ standard
deviation of triplicates.

reiterate, Bill et al. [8]reported that bluegills (Lepomis
macrochirus) were most sensitive to the toxin with an LCso of
30.5 pg/L, while Coho salmon (Oncorhynchus kisutch) was most
resistant with an LCso of 383 pg/L.

Table 4. Malachite green (MG) concentrations in Sepang River water
samples following a 100-fold preconcentration process.

Sample Time (Hour) MG Concentration (ng/L)

12.30 pm 0.71 +£0.04
1.30 pm 0.32+0.02
2.30 pm <LOD
3.30 pm <LOD
4.30 pm <LOD
5.30 pm <LOD

The method that was developed in this study using solid
phase extraction coupled with visible spectrophotometry at 624
nm is a cheap and straightforward method that can be used for
MG monitoring. Compared to more sensitive methods like
HPLC-MS/MS, our method is optimal for routine environmental
analysis [9]. The results of the present study also show that there
are fluctuations in MG concentrations across the different
sampling times, which means that more studies are needed to
understand the dynamics of MG pollution in aquatic ecosystems.
The peak concentrations were observed in the midday, which
may be connected to industrial activities or aquaculture, and thus,
proper sampling time should be considered [18]. Even though the
levels detected in this study were below the MRPL of 2 pg/kg, it
is important to note that even low concentrations of MG are
known to have adverse effects on ecological systems. Other
researchers have also established that MG has adverse effects on
the immune system, reproductive capacity, and general health of
aquatic organisms at concentrations as low as 0.1 pg/L [19].
Methods of MG removal, including biodegradation [20-23] and

Sample Initial LMG (pg/L) Final MG (ug/L) bigMSAERETO9 Y 0k an be employed in future studies at point
Blank 0 0 SOUF eksl f MG in this area
Standard (1 mg/L LMG) 1000 980+ 10 9%1‘ + 1.% ’
River Water Sample 0.15 0.14+£0.01 933 +£6.7
CONCLUSION

The results of MG concentrations in the Sepang River at
different times during the sampling period from June 12 to June
13, 2024 (Table 4) show that the highest concentrations were
usually recorded in the middle of the day and the lowest — in the
early morning and in the evening. This pattern may be explained
by the fact that there is a higher level of aquaculture activity or
industrial discharge during these hours. The levels detected,
although below the Minimum Required Performance Limit or
MRPL of 2 pg/kg for aquaculture products as recommended by
[7], are an indication that MG is present in the environment. The
effects of MG in river systems may also have adverse human
health effects through bioaccumulation in the food chain. The
EFSA has stated that there is no safe level of MG or its metabolite
residues that can be recommended as being without adverse
health effects when consumed [7].

The presence of MG in the Sepang River also suggests that
the contamination may be coming from sources other than
aquaculture practices. Therefore, the use of MG in other
industries, such as textile and laboratory production, may also
contribute to background pollution in the aquatic environment.
The fact that MG persists in the Sepang River at low
concentrations raises a question about its impact on the
environment. Both MG and its metabolite LMG are known to be
toxic to a variety of aquatic organisms, even at low
concentrations. The LCso values of MG towards different species
of fish have been reported to be quite different. For instance, to

An analytical method developed for detecting Malachite Green
(MG) has been found to be reliable with a high linearity of the
calibration curve (R? > 0.99) and low detection limits for
environmental monitoring purposes. The investigation of the
Sepang River has revealed that there are diurnal variations in MG
concentrations, which could have been affected by aquaculture
and industrial activities. Although the levels detected were lower
than the Minimum Required Performance Limit or MRPL of 2
ug/kg, MG is persistent and toxic at low concentrations, raising
environmental concerns. The physicochemical parameters
measured, including pH, temperature, and conductivity, suggest
conditions that may enhance the stability and bioavailability of
MG. The high oxidation efficiency of Leucomalachite Green
(LMG) to MG (92.3%) also enhances the method's accuracy in
determining the total MG pollution. Because of the possible
human health effects and the environmental stability of MG,
more surveillance and regulation are needed. Future work should
also be directed toward eliminating MG pollution in aquatic
environments.

REFERENCES

1. Buchmann K. Control of parasitic diseases in aquaculture.
Parasitology. 2022 Dec;149(14):1985-97.

2. Chain (CONTAM) EP on C in the F, Hoogenboom LAP. Scientific
opinion: Malachite green in food. EFSA J. 2016;14(7):e04530.

- 66 -

This work is licensed under the terms of the Creative Commons Attribution (CC BY) (http://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.54987/jemat.v12i2.1031

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

JEMAT 2024, Vol 12, No 2, 63-67
https://doi.org/10.54987/jemat.v12i2.1031

Food US, Administration D. Malachite Green and Leucomalachite
Green in Fish and Shrimp. Lab Inf Bull [Internet]. 2016;4363.
Available from: https://www.fda.gov/food/laboratory-methods-
food/laboratory-information-bulletin-lib-4363-malachite-green-
and-leucomalachite-green-fish-and-shrimp

Poopal RK, Ashwini R, Ramesh M, Li B, Ren Z. Triphenylmethane
dye (C52H54N4012) is potentially a hazardous substance in edible
freshwater fish at trace level: toxicity, hematology, biochemistry,
antioxidants, and molecular docking evaluation study. Environ Sci
Pollut Res. 2023 Mar 1;30(11):28759-79.

Srivastava S, Sinha R, Roy D. Toxicological effects of malachite
green. Aquat Toxicol. 2004;66(3):319-29.

de Freitas LVP, Silveira JGF, Damaceno MA, Campanharo SC, da
Silva AFB, Jonas Joaquim Mangabeira da S, et al. Evaluating the
persistence of malachite green residues in tilapia and pacu fish.
Environ Toxicol Pharmacol. 2024 Mar 1;106:104382.

EFSA Panel on Contaminants in the Food Chain (CONTAM).
Malachite green in food. EFSA J. 2016;14(7):e04530.

Bill TD. Toxicity of formalin, malachite green, and the mixture to
four life stages of rainbow trout [Master's thesis]. [United States]:
University of Wisconsin - La Crosse; 1974.

Mitrowska K, Posyniak A, Zmudzki J. Determination of malachite
green and leucomalachite green in carp muscle by liquid
chromatography with visible and fluorescence detection. J
Chromatogr A. 2005;1089:187-92.

Li J, Kuang H, Feng J, Xu L, Ma W, Wang L, et al. Reusable
nanosilver-coated magnetic particles for ultrasensitive SERS
detection of malachite green. Sci Rep. 2016;6:22870.

Zhou L, Deng J, Li H, Chen F, Wang H, Liu Y. Fluorescence
detection of malachite green in fish based on aptamer and SYBR
Green 1. Front Chem. 2022;10:963591.
Alderman DJ. Malachite green: a
1985;8(3):289-98.

Khan MR, Wabaidur SM, Busquets R, Khan MA, Siddiqui MR,
Azam M. Identification of malachite green in industrial wastewater
using lignocellulose biomass composite bio-sorbent and UPLC-
MS/MS: a green environmental approach. Process Saf Environ
Prot. 2019 Jun 1;126:160-6.

Khan MYA, Gani KM, Chakrapani GJ. Spatial and temporal
variations of physicochemical and heavy metal pollution in
Ramganga River—a tributary of River Ganges, India. Environ
Earth Sci. 2017 Mar 11;76(5):231.

The ASEAN Post team. Southeast Asia's stream of polluted rivers.
The ASEAN Post [Internet]. 2017 [cited 2022 Dec 27]; Available
from: https://theaseanpost.com/article/southeast-asias-stream-
polluted-rivers

Al-Badaii F, Shuhaimi-Othman M, Gasim MB. Water Quality
Assessment of the Semenyih River, Selangor, Malaysia. J Chem.
2013;2013(1):871056.

Hussain Hakami AA, Ahmed MA, Khan MA, AlOthman ZA,
Rafatullah M, Islam MA, et al. Quantitative Analysis of Malachite
Green in Environmental Samples Using Liquid Chromatography-
Mass Spectrometry. Water. 2021 Jan;13(20):2864.

Shukor M, Masdor N, Halmi M, Kamaruddin K, Syed M. Near-real-
time biomonitoring of heavy metals using the Xenoassay® system.
In: Proceedings of The Annual International Conference, Syiah
Kuala University-Life Sciences & Engineering Chapter.
Universitas Syiah Kuala, Indonesia: Universitas Syiah Kuala; 2013.
Svobodova Z, Groch L, Flajshans M, Vykusova B, Machova I. The
effect of long-term therapeutic bath of malachite green on common
carp (*Cyprinus carpio* L.). Acta Vet Brno. 1977;66:111-7.
Gomare SS, Parshetti GK, Govindwar SP. Biodegradation of
malachite green by Brevibacillus laterosporus MTCC 2298. Water
Environ Res. 2009;81(11):2329-36.

Raja P, Chellaram C, Jebasingh SEJ, Maheshwari N, Chandrika M,
Gladis C. Bio-degradation of harmful textile dyes by marine
bacteria from Tuticorin coastal Waters Southeastern India. J Chem
Pharm Res. 2013;5(7):146-51.

Yang CW, Chao WL, Hsieh CY, Chang BV. Biodegradation of
malachite green in milkfish pond sediments. Sustain Switz.
2019;11(15).

Roy DC, Biswas SK, Sheam MM, Hasan MR, Saha AK, Roy AK,
et al. Bioremediation of malachite green dye by two bacterial strains
isolated from textile effluents. Curr Res Microb Sci. 2020;1:37-43.

review. J Fish Dis.

24.

25.

26.

217.

-67 -

Vasanth Kumar K, Ramamurthi V, Sivanesan S. Biosorption of
malachite green, a cationic dye onto Pithophora sp., a fresh water
algae. Dyes Pigments. 2006 Jan 1;69(1):102-7.

Sun XF, Wang SG, Liu XW, Gong WX, Bao N, Gao BY, et al.
Biosorption of Malachite Green from aqueous solutions onto
aerobic granules: Kinetic and equilibrium studies. Bioresour
Technol. 2008 Jun 1;99(9):3475-83.

Nasra E, Kurniawati D, Etika SB, Silvia R, Rahmatika A. Effect of
pH and Concentration on Biosorption Malachite Green and
Rhodamine B Dyes using Banana Peel (Musa balbisiana Colla) as
Biosorbent. J Phys Conf Ser. 2021 Feb;1788(1):012003.

Yahuza S, Sabo IA. Mathematical Modelling of the Growth of
Bacillus cereus Strain wweplon Malachite Green Dye. J Biochem
Microbiol Biotechnol. 2021 Dec 31;9(2):25-9.

This work is licensed under the terms of the Creative Commons Attribution (CC BY) (http://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.54987/jemat.v12i2.1031

	INTRODUCTION

