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This study evaluated the toxicity of Dithane M-45, a common fungicide, in the fresh-
water fish species Labeo rohita. The lab-scale experiments were conducted to deter-
mine the concentration-dependent effects on fish mortality and behavioral changes.
The median lethal concentration (LC50) values were identified as 190 mg/L at 48
hours, 170 mg/L at 72 hours, and 160 mg/L at 96 hours, indicating increased toxicity
over time. Observations during the initial hour of exposure included pronounced
behavioral responses such as jumping, increased movement, and frequent chelae
scraping against body parts. These acute responses gradually subsided, with the fish
returning to a more sedentary state within 36 hours. Subsequently, the fish settled at
the bottom of the aquaria, displaying reduced activity. The gills and the inner linings
of the branchiostegal began to produce mucus after 36 hours of exposure. This mucus
production became more pronounced with prolonged exposure, particularly at the 96
-hour mark. These findings suggest that Dithane M-45 has significant acute and sub-
acute toxic effects on L. rohita, impacting both physiological and behavioral parame-
ters. The findings showed the importance of monitoring and regulating the use of
Dithane M-45 in aquatic environments to mitigate potential ecological and health

risks.

Introduction

Pesticides play a critical role in modern agriculture
by controlling pest populations (Popp et al., 2013;
Silva et al., 2023). However, their widespread use
has raised concerns about their potential environ-
mental impact, particularly on non-target aquatic
organisms. Among these, freshwater fish are often at
risk due to their proximity to agricultural runoff and
their sensitivity to chemical pollutants (Bukola et
al., 2015; Sudhakaran and Suja, 2024). Freshwater
fish species are particularly sensitive to chemical
pollutants, making them critical indicators of envi-
ronmental health. A lot more pesticides, heavy met-
als, polycyclic aromatic hydrocarbons, polychlorin-
ated biphenyls, and natural toxicants are ending up
in waterways because of more agrochemicals and
industrial compounds being used (Gtirol et al., 2020;
Kumar et al., 2021; Maurya et al., 2019). Discharge
of industrial effluents, often containing harmful sub-
stances, into water bodies causes abrupt and poten-
tially lethal changes in the ecosystem (Bukola et al.,
2015; Lanjewar et al., 2023). Therefore, understand-
ing the effects of pesticides on this species is crucial
for both environmental and public health.

Dithane M-45, a commonly used fungicide, contains

the active ingredient mancozeb, a dithiocarbamate
compound (Numan et al., 2018). Dithane M-45 is a
fungicide with the chemical formula
C4HeMnN2S4.Zn. Mancozeb, a coordination complex
of manganese, zinc, and ethylene bis
(dithiocarbamate), makes up its composition
(Dulama et al., 2018; Rao and Jayabhaye, 2022).
Plants are often protected from fungal diseases with
this substance because it stops the activity of fungal
enzymes like glutathione reductase, pyruvate dehy-
drogenase, and a-ketoglutarate dehydrogenase. It
stops these enzymes from working by reacting with
their sulthydryl (-SH) groups and breaking up their
active sites. This makes them less effective at cata-
lyzing reactions. This interference disrupts cellular
processes in fungi, such as energy production and
detoxification, ultimately inhibiting fungal growth
and proliferation. Agriculture widely applies it to
control fungal diseases in crops (Szépvolgyi et al.,
1989). Despite its well-documented efficacy in pest
control, its impact on aquatic ecosystems, particular-
ly on fish species like L. rohita, continues to raise
concerns. The active ingredient mancozeb degrades
into ethylene thiourea (ETU), a compound known
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for its potential toxicity. The level of acute toxicity
and the ethological (behavioral) responses of fish to
these chemicals are important signs of the health of
the environment (Dutra Costa et al., 2020). These
indicators help in assessing the ecological risks asso-
ciated with pesticide use and guide regulatory frame-
works to ensure the safety of aquatic life (Scherer,
1992).

The common fungal infections in aquaculture in-
clude saprolegniasis, which is caused by species of
saprolegnia and affects the skin, gills, and eggs of
fish, making them appear white and cotton-like (Van
Den Berg et al., 2013). Branchiomyces sanguinis or
B. demigrans, which affects gill tissues and causes
necrotic changes and respiratory function impair-
ment, causes Branchiomycosis (Khalil ef al., 2015).
Ichthyophonus hoferi causes Ichthyophonus disease,
which affects internal organs such as the liver,
spleen, and heart (Hershberger et al., 2002). Epizoot-
ic Ulcerative Syndrome, which is linked to the path-
ogen Aphanomyces invadans, makes fish vulnerable
to getting deep sores in their muscles and infections
that spread throughout their bodies. However, aqua-
culture has used fungicides such as potassium per-
manganate, formalin, and malachite green to treat
fungal infections (Sutili and Gressler, 2021). More
specifically, potassium permanganate increases oxy-
gen levels but can be toxic at higher levels of con-
centration, while formalin is an active agent against
fungal spores with associated toxicity to fish and
handlers. Similarly, despite its effectiveness, several
regions have banned malachite green due to its car-
cinogenic properties (Martins ef al., 2021). Aquacul-
ture fungicides work by messing up the structures or
metabolic processes of fungi, but they can also
change the chemistry of the water, which could af-
fect organisms that aren't intended to be killed
(Maurya et al., 2019; Sarkar et al., 2022). As a re-
sult, careful administration and adherence to set
guidelines are essential in avoiding risks (Maurya
and Malik, 2016).

Labeo rohita (commonly known as Rohu) is a spe-
cies of freshwater fish prevalent in rivers and ponds
across various temperate and tropical regions, in-
cluding Vietnam, Pakistan, Nepal, India, Myanmar,
and Bangladesh (Ashaf-Ud-Doulah et al., 2020).
This species prefers habitats such as bund-type tanks
and rivers, where it primarily breeds. However, it
does not typically reproduce in confined waters,
making it reliant on specific environmental condi-
tions for its life cycle (Ahmed ef al., 2012). The re-
gion highly values Rohu not only for its ecological
role but also for its economic significance. Fish is a
staple food source, rich in proteins and essential
minerals and thus playing a significant role in local
diets and economies. According to McKenzie et al.
(2007), toxicants can cause behavioral changes in
fish that serve as sensitive indicators of sub-lethal
stress. These changes include alterations in swim-

ming patterns, feeding behavior, respiratory distress,
and general activity levels (Little et al., 1990). Moni-
toring these responses can provide early warning
signals of environmental stress and help in identify-
ing the underlying causes of fish mortality in pollut-
ed waters (Dahunsi et al., 2011).

Previous studies have documented various toxic ef-
fects of pesticides on fish, including oxidative stress,
enzymatic alterations, and histopathological changes
(Xing et al., 2012; Nataraj et al., 2017; Farhan et al.,
2021). However, there is limited information on the
specific effects of Dithane M-45 on L. rohita
(Maurya et al., 2023). Given the widespread use of
this fungicide, it is essential to understand its impact
on this economically and ecologically important spe-
cies. The goal of this study is to fill in the gaps in
our knowledge about how Dithane M-45 affects L.
rohita by looking into its acute toxicity levels and
animal responses. The findings will be crucial for
developing appropriate guidelines for pesticide use
in agriculture and for safeguarding the health of
aquatic ecosystems. The outcomes of this research
will not only contribute to the existing body of
knowledge on pesticide toxicity in fish but also pro-
vide valuable data for risk assessment and manage-
ment strategies in aquaculture and fisheries.

Materials and methods

Collection and acclimatization of fish

Freshwater fish, L. rohita, were collected from a
Ramganga river through assistance of local fisher-
men (28°50'12.1" N and 78°47'45.6" E). The fish
were transported to the laboratory and maintained in
glass aquaria for a minimum period of one week to
allow for acclimatization. Before experimental treat-
ment, the fish were washed (dipped) with a 0.1%
solution of potassium permanganate to eliminate any
potential pathogens present on their bodies.
Preparation of test solutions

The dilution technique was employed to determine
the required concentration of the toxicants. Meas-
ured quantities of Dithane M-45 were added sepa-
rately to different glass aquaria and then diluted to
the desired concentration. The physicochemical
properties of the diluent water (pH 6.4-7.2, dissolved
oxygen 5.3-7.1 mg/L, and total solids 27.6-33.3 mg/
L) were analyzed according to the methods outlined
by APHA (1985).

Bioassay setup

A series of test media with varying concentrations
(toxic ranges determined by preliminary exploratory
tests) were prepared in 20-liter glass aquaria, each
containing 10 liters of diluent water. Twenty healthy
fishes, each measuring 70-75 mm in length, were
introduced into each aquarium containing the test
medium. An additional aquarium containing 10 liters
of diluent water served as the control.

Maintenance and observation

The quality of the water was monitored daily, and
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evaporated water was replenished as needed.
Throughout the experiment, the behavior of the test
animals was closely observed. Any dead specimens
were promptly removed to prevent the depletion of
dissolved oxygen in the aquaria, which could other-
wise affect the results of the bioassay.
Determination of LC50

The median lethal concentration (LC50) was calcu-
lated for 48, 72, and 96 hours by interpolating the
data on semi-logarithmic coordinates using
OriginPro software. A straight line was drawn be-
tween two points representing survival at two con-
centrations: one that was lethal to more than half and
another that was lethal to less than half of the L. ro-
hita specimens. The concentration at which this line
intersected the 50% survival line was recorded as the
LC50 or median tolerance limit.

Data analysis

In this study, Microsoft Office Excel 2019
(Microsoft Corp., USA) and OriginPro (2023,
OriginLab Corp., USA) software packages were
used for data analysis.

Results and discussion

Lethal concentration (LC50) of L. rohita exposed
to Dithane M-45

This study determined the median lethal concentra-
tion (LC50) for the freshwater bivalve L. rohita to be
195 mg/L, 180 mg/L, and 160 mg/L after 48, 72, and
96 hours of exposure, respectively (Table 1). The

behavior of the test animals in response to Dithane
M-45 exposure was also examined. Notable behav-
ioral alterations were observed in L. rohita after ex-
posure to the chemical. Immediately after entering
the test medium, the fish initially show increased
movement and heightened cheliped scraping of body
parts. This increased surface activity was particular-
ly pronounced during the first few hours of exposure
but normalized within 24 hours. Subsequently, the
fish settled at the bottom of the aquaria and became
increasingly sluggish after 96 hours of exposure,
with reduced cheliped scraping and a diminished
response to gentle prodding. Mucus production on
the gills and inner lining of the branchiostegite was
normal until 36 hours of exposure, eventually lead-
ing to a nearly complete mucus covering of the body
parts after 96 hours. Figure 1 shows a dose-response
curve depicting the relationship between the concen-
tration of a substance (in log mg/L) and the survival
percentage of the test organism. As concentration
increases, survival rate decreases, showing a typical
sigmoidal curve. The LCsy is the concentration at
which 50% of the test organisms survive.

These findings are in line with those observed in
previous studies. Sarkar et al. (2014) conducted a
study to investigate the impact of the pesticides Cy-
permethrin and Carbofuran on the ovarian cycle of
the Indian major carp, L. rohita. The study found
that exposure to these chemicals disrupted the nor-
mal ovarian cycle, leading to reproductive impair-

Table 1 Median lethal concentration (LCs) L. rohita exposed to different concentrations of Dithane M-45

Concentration (mg/l) | Mortality (% in 48 h) | Mortality (% in 72 h) Mortality (% in 96 h)
40 00 00 00
60 00 00 00
80 00 00 00
100 00 00 10
110 00 05 15
120 05 10 20
130 10 20 30
140 20 25 35
150 25 35 45
160 35 40 50
170 40 50 60
180 45 60 65
190 50 70 75
200 60 75 85
210 65 85 95
220 75 95 100
230 85 100 100
240 90 100 -
250 100 - -
260 100 - -

Note: L. rohita (n=20) were exposed at each of the above concentrations of Dithane M-45
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Figure 1: LC50 for Diathane M-45 of L. rohita

ments, which could have significant implications for
fish population dynamics and aquaculture productiv-
ity. A study by Tripathi and Yadav (2015) investi-
gated the impact of organophosphorus pesticides on
the fish L. rohita. They studied how exposure to
these pesticides affects the fish's physiology, behav-
ior, and survival. Results indicate significant adverse
effects, including impaired growth, altered behavior,
and increased mortality, highlighting the toxicologi-
cal risks of organophosphorus pesticides to aquatic
life. Plonka and Neff (1969) suggested that exces-
sive mucus secretion in response to toxic levels of
heavy metals could lead to suffocation and death due
to mucus coagulation and metal precipitation on
nervous tissues. Bello-Olusoji and Abebola (2006)
observed significant effects, such as loss of reflex,
increased hyperactivity, discoloration, and hyper-
reticulation in L. rohita exposed to aldrin and copper
sulfate. Under copper sulfate stress, Lodhi et al.
(2006) also found that L. rohita moved faster,
scraped its cheliped surfaces more, and made more
mucus on its gills and the inside of its branchioste-
gal. Majumder (2024) also found that chlorpyrifos
had significantly reduced the morphological traits of
two freshwater fishes, i.e., L. rohita and Mystus vit-
tatus. Qayoom et al. (2024) also found that organo-
phosphate insecticide had strong retention in the
muscles of common carp fish. Similarly, Rathnam-
ma and Nagaraju (2013) determined the median
LCsy of the pesticide Chlorantraniliprole for the
freshwater fish L. rohita. Their study revealed that
exposure led to significant behavioral changes, in-
cluding erratic swimming and respiratory distress,
underscoring the pesticide's toxic effects on aquatic

organisms.

The behavioral responses of L. rohita exposed to
Dithane M-4S5 were observed.

Table 2 provides the behavioral responses of L. rohi-
ta exposed to Dithane M-45. During the experi-
ments, the behavior of L. rohita was observed under
varying concentrations of Dithane M-45, ranging
from 5 mg/L to 80 mg/L, over exposure durations of
12, 24, 48, 72, and 96 hours. The fish exhibited sev-
eral altered behavioral responses. Initially, there was
increased operculum movement and reduced bottom-
dwelling activity. After 48 hours, eye functioning
slowed noticeably, and the fish began crawling along
the aquarium floor. They also adhered to the aquari-
um's sidewalls, which may suggest avoiding contact
with the toxic liquid medium. The fish attempted to
mitigate stress by increasing mucus production,
which intensified with higher toxicant concentrations
and prolonged exposure. After initially increasing
their operculum movement, all fish died at a concen-
tration of 140 mg/L for 1 day. Similarly, at 130 mg/
L over 2 days, the exposure proved lethal, with fish
losing motor control and dying within 48 hrs. At 80
mg/L for 4 days, half the fish survived, displaying
stress responses such as operculum closure, crowd-
ing at the sidewalls, and increased mucus secretion,
indicating an attempt to cope with the toxic environ-
ment. At 40 mg/L over 15 days, a lower mortality
rate (5 out of 20 fish) was observed, with the fish
initially showing increased operculum movement but
eventually returning to normal behavior. At the low-
est concentration of 10 mg/L over 30 days, all fish
survived with normal movements throughout the
experiment. The results suggest that hig_;her concen-
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Table 2: Behavioral changes in L. rohita exposed to Dithane M-45

No. of | Weight
Fishes | (g)

Duration of
Treatment

Conc.
(mg/l)

Temp.
O

No. of
Fish died

No.
Fish alive

Behavior

20 2445 2843 140 1 day

All

Nil From the beginning of emersion
till the opening of the operculum
and increase in its movement

after 24 hours died

20 25+4 26+4 130 2 days

All

Nil The dose proves to be lethal.
After some time, the fish lose the
ability to swim and settle down
at the bottom and die after 48

hours

20 26+4 28+4 80 4 days

10

10 Primarily the fish least opened
their operculum and tried to
avoid stress conditions through
movement on the side wall of
glass aquaria and secreted mu-
cus.

20 28+3 29+4 40

15 days 05

15 Initially, the fish opens their
operculum and increases its
movement after some time nor-
mal movements are regained.

20 28+4 30+4 10 30 days

Nil

20 Normal Movements were ob-
served

trations of the toxicant induce rapid mortality and
significant behavioral changes, while lower concen-
trations allow for some level of recovery or adapta-
tion, with survival rates improving as the concentra-
tion decreases and exposure duration increases.

Previously, Singh and Saxena (2021) investigated
behavioral changes in L. rohita following acute
heavy metal exposure. They found significant altera-
tions in fish behavior, contributing to understanding
the impact of pollutants on aquatic life and inform-
ing environmental management practices. Similarly,
Karmakar et al. (2021) looked at how nonylphenol
changed the behavior, histology, hematology, and
enzymes of L. rohita and discovered that this chemi-
cal has major toxicological effects on freshwater
fish. Patil and David (2010) also found that L. rohita
changed in shape and behavior after being exposed
to malathion at levels that were not lethal. This
showed early signs of chemical toxicity in freshwa-
ter fish. Bhat ef al. (2016) assessed the acute toxicity
and behavioral responses of L. rohita to the organo-
phosphate dichlorvos, demonstrating the effects of
this pesticide on freshwater fish. Walia et al. (2013)
documented behavioral and morphological changes
in L. rohita exposed to tannery effluent, emphasizing
the environmental effects of industrial waste on
aquatic organisms. Also, Marigoudar et al. (2009)
investigated the respiratory and behavioral responses
of L. rohita to cypermethrin exposure, contributing
to our understanding of the effects of pesticide pollu-
tion on fish. Raymundo et al. (2024) also found that
chlorpyrifos and cadmium metal showed significant

changes in the behavior of Ceriodaphnia rigaudi and
C. silvestrii. Similarly, Kumar and Singh (2024)
found that L. rohita fish showed abnormal behavior
in pesticide-contaminated river water within Jaunpur
district, Uttar Pradesh, India. Therefore, these stud-
ies corroborate our findings regarding the impact of
pesticide pollution on freshwater fishes and their
potential consequences on the ecosystem.

Conclusion

The study found that Dithane M-45 is very harmful
to L. rohita, and that the median LC50 value de-
creased over time, which means that longer exposure
makes the poison more deadly. Acute behavioral
responses, such as movement and chelae scraping,
were observed initially, followed by a return to sed-
entary behavior and increased mucus production on
the gills and other body parts. These results also
showed that Dithane M-45 was bad for the fish's
health and behavior. This shows how important it is
to carefully control and keep an eye on this fungi-
cide when it is used in water. The study talks about
the possible health and environmental problems that
Dithane M-45 could cause and suggests ways to
lessen its effects on aquatic life, especially in places
where L. rohita and other similar species live.
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