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ABSTRACT 

Ziram is a broad-spectrum pesticide from the dimethyl-dithiocarbamate (DTC) fungicide class. It is mostly 

used as a foliar spray to prevent fungal diseases in crops like peaches, apricots, almonds, and other 

vegetables. Ziram has a wide range of action against a variety of fungal infections, such as those that cause 

fruit rot, leaf spot, and downy mildew. The study examined the effects of ziram on DNA damage in the blood 

cells of Carassius carassius, using comet scoring and DNA damage index assessments. Exposure to sub 

lethal dose of ziram (0.055 mg/L) resulted in a significant increase in DNA damage compared to untreated 

and solvent-exposed control groups. Specifically, the ziram-treated group showed a more than tenfold 

increase. These findings suggest a substantial genotoxic impact of these chemicals on aquatic organisms. 

Furthermore, when compared to a positive control group treated with Cyclophosphamide (4 mg/L), ziram 

treatments approached significance in terms of DNA damage levels, highlighting their potential 

environmental hazards and the need for rigorous regulatory measures. 
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INTRODUCTION 

The excessive use of pesticides in agriculture has led to huge increases in crop output. Pesticides used in 

agriculture and other chemicals from industries ultimately make their way to sources of water (Mensah et al., 

2014). Ziram has a wide range of action against a variety of fungal infections, such as those that cause fruit rot, 

leaf spot, and downy mildew. (Gullino et al., 2010). Ziram exposure in the environment, either by itself or in 

conjunction with other pesticides, may be connected to the onset of neurodegenerative illnesses like Parkinson's 

disease, according to epidemiological research (Fitzmaurice et al., 2014). Ziram is an effective fungicide, but its 

possible toxicity to creatures other than its intended target has sparked worries. Fish, amphibians, and 

invertebrates are among the aquatic species that have been negatively impacted by it, according to several studies 

(Caux et al., 1996). The International Agency for Research on Cancer has also designated ziram as a potential 

human carcinogen (IARC, 1991), underscoring the necessity of additional research into its toxicological effects. 

The environmental and human health dangers of ziram continue to be a source of concern and this call for more 

research into its toxicity and methods of action in non-target species and humans (Martin et al., 2016). The brain 

system, liver, and thyroid appear to be the principal targets of toxicity (Pandey et al., 1990).  

Fish are commonly employed as water pollution models because they absorb toxins and exhibit a biological, cell-

based, physiological, and histologically distinct response, making them a viable biomarker with widespread 

applicability in environmental monitoring (Fontanetti et al., 2012; Marinowic et al., 2012). Fish, along with other 

aquatic species, have long been employed to evaluate the health of aquatic ecosystems (Saiki et al., 1993; Kock et 

al., 1996). Since fish are very sensitive to environmental changes and have a significant role in assessing the 

potential risk associated with the pollution of novel chemicals in aquatic settings, the use of fish as a bio indicator 

of pollutant impacts is growing (Banaee et al., 2009; Monteiro et al., 2006; Begum, 2004). More ever  they 

appear to be helpful in identifying DNA damage in freshwater caused by mutagens and pro-mutagens (Lemos et 

al., 2005; Boettcher et al., 2010; Rocha et al., 2011; Deutschmann et al., 2016). The Comet assay, requires a 

small amount of blood cells per fish samples and provides sensitivity for determining the minimum intensity of 

DNA fragmentation Singh et al., (1988) is the  most affordable and sensitive technique for identifying genetic 

damage at the cellular level in an alkaline state (Tice et al., 2000).The Comet assay's main benefits include its 

quick turnaround time, short sample size required, and ability to differentiate between different cell types based 

on the extent of DNA damage or repair. 

The year-round availability and extensive dispersion of C. carassius, along with its ease of maintenance in 

aquariums and commercial significance, make it a valuable model for eco toxicological investigations pertaining 

to toxicity. This species has far-reaching ecological and economic consequences. The majority of research on the 
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ziram effect focuses only on the fish's physiological changes and dose-response. The ziram induced genotoxic 

modulation is receiving comparatively less attention. Therefore, the goal of this study was to investigate the 

toxicological effects of ziram in one of the frequent cyprinids in Dal Lake Kashmir commonly known as crucian 

carp (C. carassius). 

MATERIALS AND METHODS 

In this paper, Commercial grade pesticide manufactured by Gharda chemicals Ltd, Maharashtra India, having 

95% (w/w) ziram technical grade as active ingredient was used. DMSO 99% purity was purchased from Hi- 

Media Labs, Mumbai, India. Himeda offers a range of products that are 99.95% pure, including Agarose-normal 

melting, Agarose-low melting , NACL , KCL, disodium hydrogen phosphate, potassium dihydrogen phosphate , 

di sodium EDTA, Tris base , NAOH, sodium lauryl sarcosinate , triton-100 ,HCL , ethanol, ethidium bromide . 

Experimental fish 

Carassius carassius, a member of the family Cyprinidae and order Cypriniformes, was collected by a local 

fisherman from the Dal Lake in the vicinity of the University Of Kashmir, Jammu and Kashmir, India. Fish was 

fed commercial fish feed (Vijay) and given preventive treatments, such as a brief immersion in 0.05% KMnO₄, in 

order to prevent any cutaneous infection.The fish were naturally photo periodically adapted to laboratory 

environment for 15 days in a 60-liter glass tank that was frequently aerated and maintained at 14.63 ± 2.83°C 

temperature with stale, chlorine-free tap water (pH 7.5–8.7). 

Test chemical  

Commercial grade pesticide manufactured by Gharda chemicals Ltd, Maharashtra India, having 95% (w/w) ziram 

technical grade as active ingredient was used in the investigation. The stock solution was made by weighing a 

specific amount of ziram and diluting it with DMSO in 1:1 ratio. 

Acclimatization 

Fish that had been acclimatized were exposed to a sub-lethal concentration of ziram (1/10 LC50 ziram 0.055 

mg/L) for the duration of four days. According to established testing protocols, a group of acclimatized fish was 

separated into three distinct groups, each consisting of 10 fish. Following the standardized OCED testing 

protocols (1992), a set of acclimatized fish was categorized into four groups, each containing 10 fish individuals. 

Group 1 of the acclimatized fish was treated with a sub-lethal dosage of ziram (0.055 mg/L). The fish in Group 2 

were exposed to a positive control (cyclophosphamide, 4 mg/L) treatment, while Group 3 were subjected to a 

solvent control (0.1% DMS0), while group 4 received no treatment (negative control) as part of the experimental 

conditions. Fish were checked for aberrant behavior and outward appearance during the exposure period. 
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Comet assay/Single cell gel electrophoresis (SCGE) 

Singh et al., (1988) was followed for performing Comet assay. A caudal puncture technique was used to extract 

0.3 milliliters of blood. A sample of 5 µL of blood was diluted with 1000 µL of PBS. Trypan Blue Exclusion 

method (Anderson et al., 1988) was used for determining cell viability, blood samples with 84% cell viability 

were used for the Comet assay. Slides that had previously been coated with 1% normal melting point Agarose 

(NMPA) were layered with 10µL of cell suspension combined with 120µL of 0.5% low melting point Agarose 

(LMPA) at 37%. To harden the gel, the slides were covered and chilled at 4˚C for 10–15 minutes. Cover slip was 

carefully removed after the blood-LMPA layer solidified to prevent the underlying layer from being avulsed. 

After adding 75µL of LMPA to the layer of Agarose gel mixture and carefully covering it with a fresh cover slip, 

the gel was refrigerated at 4˚C for ten to fifteen minutes to solidify.After the gel set, the cover slips were gently 

removed. The slides were then submerged in a freshly produced cold lysing solution and cooled for at least one 

hour at 4˚C.The slides were gently removed from the lysis solution and placed in a horizontal submarine gel 

electrophoresis apparatus, with the Agarose-coated side facing upward and perpendicular to both electrodes. The 

slides were kept in the alkaline buffer for 30 minutes to allow the DNA strands to unwind and reveal the alkali 

labile spots. The electrophoresis tank was filled with cool, fresh electrophoresis buffer until the slides were 

completely covered and no air bubbles appeared on the Agarose gel. The power supply was turned on at 

0.74V/cm (between electrodes), and the current was regulated to 300mA by increasing and decreasing the buffer 

level. The electrophoresis procedure lasted 30 minutes. After 30 minutes of electrophoresis, the power was turned 

off, and the slides were gently withdrawn from the buffer and placed on a drain tray. After coating drop-by-drop 

slides with neutralization buffer for five minutes and draining the buffer, the procedure was performed twice more 

and then several times with distilled water. Slides were drained and then submerged in 100% ethanol to dehydrate 

them. After air drying, slides were baked for fifty minutes.After that, the slides were kept in a dry location. Slides 

were rehydrated in cold distilled water for 30 minutes, then stained with 50µL Ethidium bromide and covered 

with a cover slip. The edges and back of the excess stain were blotted away before viewing.A fluorescent 

microscope with an excitation filter of 515-560 nm and a barrier filter of 590 nm was used to visualize Ethidium 

bromide-stained slides at a magnification of 200X. 

Comet scoring 

For each sample, images of 300 randomly selected cells (100 per slide) were assessed to determine DNA damage. 

The cells were visually evaluated based on tail length into five distinct groups, ranging from undamaged (0) to 

completely damaged class (type IV) (Anderson et al., 1988). The statistics are reported in the form of the 
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frequency of cells with and without DNA damage, as well as the score and class distribution. The score was 

calculated by multiplying the number of nuclei in a class by the class number.  

RESULT 

Genotoxicity Assessment: Comet Assay Analysis of Sub-lethal Exposure to ziram 

The study examined the effects of ziram on DNA damage in the blood cells of C. carassius, using comet scoring 

and DNA damage index assessments. Exposure to sub-lethal dose of ziram (0.055 mg/L) resulted in a significant 

increase in DNA damage compared to untreated and solvent-exposed control groups. Specifically, the ziram-

treated group showed a more than tenfold increase. These findings suggest a substantial genotoxic impact of these 

chemicals on aquatic organisms. Furthermore, when compared to a positive control group treated with 

Cyclophosphamide (4 mg/L), ziram treatments approached significance in terms of DNA damage levels, 

highlighting their potential environmental hazards and the need for rigorous regulatory measures. Fig.1 shows 

that the untraeted and solvent control (DMSO) groups exhibited no comet formation, whereas clear comet 

formation was observed in the postive control (cyclophposphamide) group. Fig. 2 shows different classes of 

comets formed in ziram treated group. 

A B

C

B

 

Fig.1: A Showing no comet formation in the blood cells of the C. carrassius as an untreated and B treated with solvent 

control (DMSO), C showing comet formation treated with positive control (cyclophosphamide). 
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Fig.2: D, E, F showing different classes of DNA damage (comet formation) in blood of C. carassius treated with sub-lethal 

ziram (0.55mg/L) 

The evaluation of total DNA damage in groups treated with ziram indicates significantly elevated levels of DNA 

damage, with a mean of 262 units. (Table 4). This is notably higher than the mean DNA damage observed in the 

positive control group, which was 171.33 units. (Table 3) These findings suggest that ziram exposure induces 

substantial DNA damage in the tested organisms, while the control groups remained largely unaffected, 

underscoring the genotoxic effects specifically attributable to ziram. (Table 1,2). 

Table 1: Evaluation of Comet score and DNA Damage index in blood cells of untreated C. carassius. 

Total cells 

examined 

Classes of DNA Damage 
Damage Index 

(DI) Total tailed 

cells 
0 1 2 3 4 

100 12 4 3 1 1 1 12 

100 13 3 2 2 2 1 16 

100 17 7 8 1 1 1 17 

Total damage Index 15 
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Table 2: Evaluation of Comet score and DNA Damage index in blood cells of C. carassius treated with (DMSO) 

Total cells 

examined 

Classes of DNA Damage Damage Index 

(DI) Total tailed cells 0 1 2 3 4 

100 12 4 2 1 2 3 22 

100 13 6 3 1 2 1 15 

100 17 8 6 1 1 1 15 

Total damage Index 17.33 

 

Table 3:  Evaluation of Comet score and DNA Damage index in blood cells of C. carassius using   cyclophosphamide as 

positive control 

Total cells 

examined 

Classes of DNA Damage 
Damage Index 

(DI) Total tailed 

cells 
0 1 2 3 4 

100 65 8 10 12 16 19 158 

100 74 7 12 15 16 24 186 

100 70 9 10 13 18 20 170 

Total damage Index 171.33 
 

Table 4: Evaluation of Comet score and DNA Damage index in blood cells of C. carassius exposed to sub-lethal level of 

ziram 

Total cells 

examined 

Classes of DNA Damage 
Damage Index 

(DI) Total tailed 

cells 
0 1 2 3 4 

100 96 11 12 17 21 35 260 

100 94 9 13 15 25 34 254 

100 95 7 10 13 24 41 272 

Total damage Index 262 

 

Fig 3: DNA damage index  in peripheral blood cells of Carassius Carassius following exposure to different 

treatment groups.The negative control and solvent control (DMSO) exhibited negligible DNA damage,while a 

significant increase in DNA damage was observed in positive control (cyclophosphamide).The highest DNA 

damage index was recorded in the ziram treated group indicating it's strong genotoxic potential. Statistically, 

significant difference has been observed among different treatments (P<0.01). 
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DISCUSSION 

A significant percentage of pesticides have genotoxic qualities, which means they can harm aquatic organisms by 

damaging their DNA, encouraging the growth of tumors and negatively affecting their health. The overall 

effectiveness of aquaculture operations may be lowered as a result of these effects. In fish, erythrocytes make up 

around 97% of the total blood cells. Importantly, as peripheral blood provides a thorough indicator of an 

organism's general health, fish erythrocytes are especially well-suited for DNA damage investigations. As 

extremely sensitive biomarkers for genotoxic damage, DNA strand breaks are thought to be possible precursors to 

mutagenic events. Since its introduction by Singh et al. (1988), the comet assay has attracted a lot of interest from 

researchers due to its versatility. This method is widely used in many academic disciplines and is renowned for its 

accuracy and quickness in identifying breaks in DNA strands. Because of its simplicity and sensitivity, the Comet 

test is a suitable approach for measuring DNA damage in vivo, in vitro, and in situ in fish organs such as the liver, 

kidney, and blood following exposure to various pollutants in water. (Dhawan, Bajpayee and Parmar, 2009). This 

experiment does not require active cell division. As reported by Buschini et al., (2003), Collins (2004), and 

Bucker et al., 2006) that there is also no need for metaphases or specialized knowledge of chromosomal numbers. 

The comet test is therefore a crucial tool in environmental monitoring investigations, exposing the genotoxic 

implications of exposure to environmental pollutants, as explained by Belpaeme et al., (1998). According to 

Mitchelmore and Chipman (1998) the comet assay is a critical biomarker for evaluating genotoxicity in fish. This 

technique measures breakage in DNA strands. Fish are important for aquatic habitats because they contribute to 

different trophic levels. They respond directly to even very low quantities of harmful compounds in the water. In 

262

15

171.33

17.33

0 50 100 150 200 250 300

Ziram

Negative Control 

Positive Control (Cyclophosphamide)

Solvent Control (DMSO)

Figure 3: DNA Damage in C.carassius  blood cells treated in 

different treatment groups
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the current experiment, the sensitivity of C.carassius fish to ziram was assessed. Three high-quality slides were 

chosen for each treatment group, including control. A single observer independently coded and scored all of the 

slides.During the comet scoring, the following criteria were followed: measurements near the edges of the slides 

were avoided, no cells were scored near or in a trapped air bubble, only slides with a low background were used, 

and comets with no heads and images with nearly all DNA in the tail or with a very wide tail were excluded from 

evaluation because they could represent dead cells (Hartmann and Speit, 1995). 

The control group exhibited the lowest Genetic Damage Index (GDI) across all examined groups. Of all the 

groups under investigation, the control group had the lowest Genetic Damage Index (GDI). In comparison to the 

negative control group, the treatment group had approximately ten times as many cells with DNA damage. 

However, with respect to positive control group, the treated group showed a slightly greater degree of DNA 

damage.The mean score, showing the degree of damage in the blood cell analysis, was somewhat greater in ziram 

treated groups (µ=262) compared to the positive control (µ = 171.33). On the other hand, the treated group's mean 

score was around ten times higher than the values found in the negative control group (µ=15). Furthermore, when 

comparing the positive control (4 ppm Cyclophophamide) to negative control, noteworthy outcomes were seen. 

The results of this study about DNA damage that was discovered are consistent with earlier studies on 

Carassiusauratus blood cells exposed to glyphosate that were carried out by Cavas and Konen (2007). Similar 

results were found in a study conducted by Cavalcante, Martinez, and Sofia (2008), wherein exposure to 

glyphosate caused DNA damage in Prochilodus lineatus gill cells and blood. Furthermore, increasing heavy 

metal concentrations were linked to rise in DNA damage in Oreochromis mossambicus blood cells, according to 

Ahmed et al., (2011).More evidence for these findings came from Kousar and Javed (2015), who found that 

longer the exposure to heavy metals, the more DNA damage was seen in the red blood cells (RBCs) of four 

different fish species. Kopjar et al. (2008) reported that erythrocytes of Cobitis elongate exposed to industrial 

effluents showed large comet tails of DNA.The link between different environmental stressors, like glyphosate 

and heavy metals, and the induction of DNA damage in a variety of fish species is highlighted by this body of 

evidence. The current study's findings support the established evidence that Malathion damages Channa 

punctatus DNA because they are in line with those published by Kumar et al., (2010). 

CONCLUSIONS 

Ziram exposure induces significant DNA damage in fish, as evidenced by increased comet tail formation in the 

Comet assay. These results indicate the genotoxic potential of ziram and support the use of fish as sensitive 

bioindicators for environmental monitoring of pesticide contamination.. Such studies are invaluable for discerning 

the impact of contaminants on genomic integrity within these ecosystems and are essential tools for creating 
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practical plans to keep an eye on and lessen the negative effects of pollution in aquatic environments, therefore 

preserving the health of the ecosystem and the general welfare. 
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