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Abstract 
Tartrazine, a synthetic yellow dye commonly used in food, beverages, and pharmaceuticals, has been 

identified as a potential environmental pollutant with significant implications for aquatic ecosystems. This 

research aims to evaluate the environmental impact of tartrazine on fish growth and the overall stability of 

aquatic ecosystems. The effects of long-term exposure to tartrazine were examined in freshwater 

environments, focusing on key indicators of fish health, including growth rates, behavioral changes, and 

biochemical markers. Additionally, the research explored the broader implications of tartrazine exposure 

on aquatic ecosystem dynamics, including water quality and microbial biodiversity. A controlled 

experimental setup was used to assess the dose-dependent impacts of tartrazine, comparing exposed groups 

with control groups. Results showed significant alterations in the growth patterns and biochemical profiles 

of the fish, suggesting that tartrazine can disrupt normal metabolic and physiological processes. Moreover, 

the presence of tartrazine affected the stability of the aquatic ecosystem, with changes in microbial 

populations and water quality indicators. This research contributes to a better understanding of the 

ecological risks associated with tartrazine and provides a foundation for further research on the 

environmental impact of synthetic dyes. 
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Introduction  

Tartrazine, a widely used synthetic food coloring agent, has been recognized as a potential 

environmental contaminant due to its persistence and toxicity in aquatic environments. Studies 

have shown that synthetic dyes like tartrazine can enter aquatic ecosystems through runoff from 

industrial discharges, agricultural runoff, and domestic waste disposal, potentially impacting 

aquatic life. Tartrazine is known to affect the growth, reproduction, and overall health of fish 

species, particularly in long-term exposure scenarios [3]. Recent research indicates that prolonged 

exposure to this dye can lead to biochemical alterations in fish, including changes in 

neurotransmitter activity, enzyme function, and oxidative stress markers, which may disrupt 

metabolic processes and contribute to reduced growth rates [2]. 

The problem of aquatic contamination by synthetic dyes is further compounded by the lack of 

comprehensive studies that assess the long-term environmental impacts of these chemicals, 

particularly their effects on the stability of aquatic ecosystems. Understanding the broader 

ecological consequences of tartrazine exposure is crucial, as it may lead to changes in water 

quality, microbial diversity, and overall ecosystem health [1]. While several studies have focused 

on the individual impacts of synthetic dyes on aquatic organisms, few have evaluated the 

broader ecosystem-level effects, especially in natural freshwater environments. Therefore, this 

research aims to evaluate the long-term impacts of tartrazine on both fish growth and the 

stability of aquatic ecosystems, addressing a critical gap in environmental toxicology research. 

The primary objectives of this research were to assess the impact of different concentrations of 

tartrazine on fish growth, behavior, and biochemical responses. Additionally, the research 

sought to evaluate the effects of tartrazine exposure on water quality parameters and microbial 

biodiversity in a controlled experimental setup. The hypothesis was that tartrazine exposure 

would significantly alter fish growth and disrupt ecosystem stability, with implications for  
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biodiversity and water quality [4]. 

 

Material and Methods 

Materials 

The research was conducted using freshwater fish, specifically 

Indian major carps (Labeo rohita), which were selected due to 

their significance in aquaculture and their sensitivity to 

environmental pollutants. The fish were sourced from a local 

aquaculture farm and acclimatized to laboratory conditions for 

two weeks prior to the experiment. During the acclimatization 

period, they were housed in 1000L tanks at a constant 

temperature of 26 °C ± 2 °C with a 12-hour light/dark cycle. The 

fish were fed a commercially available fish feed (40% protein) 

twice a day. Tartrazine (C.I. Food Yellow 4) was procured from 

a certified supplier and used at varying concentrations (5, 10, 15, 

and 20 mg/L) to simulate different levels of environmental 

contamination, as reported in previous studies [1, 2]. The 

experimental setup also included control tanks containing no 

tartrazine, which were maintained under the same conditions. 

The water in all tanks was filtered and replenished weekly to 

maintain stable environmental conditions. Water quality 

parameters such as pH, dissolved oxygen, ammonia, and nitrate 

concentrations were measured weekly using standard analytical 

techniques [3, 4]. Microbial biodiversity was assessed by 

collecting water samples bi-weekly and analyzing the species 

composition using molecular identification techniques [5, 6]. 

 

Methods 

The experiment was designed to assess the effects of tartrazine 

on fish growth, behavior, and biochemical profiles, as well as on 

the overall aquatic ecosystem. Fish were exposed to tartrazine 

for a period of 60 days, and growth was monitored by measuring 

the length and weight of individual fish at bi-weekly intervals. 

Behavioral changes, including swimming activity and feeding 

rates, were observed daily and recorded using video tracking 

systems. For biochemical analysis, blood and tissue samples 

(liver and gills) were collected at the end of the experiment to 

measure the activity of oxidative stress markers (superoxide 

dismutase, catalase) and neurochemical changes 

(acetylcholinesterase activity) [7, 8]. Additionally, the microbial 

community in the water was analyzed by DNA sequencing of 

the 16S rRNA gene, and data were compared across different 

treatment groups to assess the impact of tartrazine on microbial 

biodiversity [9]. Statistical analysis was performed using 

ANOVA to determine the significance of differences between 

the control and experimental groups, with a significance level 

set at p<0.05 [10, 11]. All procedures were approved by the 

Institutional Animal Ethics Committee, and the research adhered 

to the ethical guidelines for animal experimentation [12, 13]. 

 

Results 

Fish Growth 

The effects of varying tartrazine concentrations on fish growth 

were assessed using a boxplot to compare the growth of fish 

across control and treated groups. As shown in Figure 1, the 

control group exhibited the highest median growth (5.0 cm), 

while fish exposed to 5 mg/L of tartrazine showed moderate 

growth (mean = 5.5 cm). However, as the concentration of 

tartrazine increased, the growth of the fish decreased 

significantly. Fish exposed to 20 mg/L of tartrazine exhibited the 

lowest median growth (3.1 cm). Statistical analysis (ANOVA) 

confirmed significant differences in fish growth between the 

different tartrazine concentrations (p<0.05) [2, 3]. 

 

 
 

Fig 1: Fish Growth vs. Tartrazine Concentration. Boxplot showing the distribution of fish growth across different tartrazine concentrations 

 

Biochemical Marker Levels 

The biochemical impact of tartrazine on oxidative stress markers 

was measured by evaluating levels of biochemical markers such 

as superoxide dismutase and catalase activity. Figure 2 

illustrates a clear trend where fish exposed to higher 

concentrations of tartrazine exhibited significantly higher 

biochemical marker levels. The control group had an average 

marker level of around 32, while the group exposed to 20 mg/L 

of tartrazine had an average of 92, indicating increased oxidative 

stress. Statistical analysis showed that the differences were 

highly significant (p<0.05), with higher concentrations of 

tartrazine inducing more pronounced biochemical alterationS [1, 

4]. 
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Fig 2: Biochemical Marker Levels vs. Tartrazine Concentration. Boxplot showing the distribution of biochemical marker levels across different 
tartrazine concentrations 

 
Table 1: Summary of the Effects of Tartrazine on Fish Growth, Biochemical Markers, and Microbial Diversity. The table presents the observed data 

for fish growth (cm), biochemical marker levels, and microbial diversity across different tartrazine concentrations 
 

Tartrazine Concentration (mg/L) Fish Growth (cm) Biochemical Marker Level Microbial Diversity Index 

Control (0) 5.0 32 10 
5 mg/L 5.5 42 9 

10 mg/L 4.8 52 8 
15 mg/L 4.0 78 7 
20 mg/L 3.2 92 6 

 
Microbial Diversity 
The impact of tartrazine on microbial biodiversity was assessed 
by monitoring changes in the microbial diversity index across 
different concentration levels. Figure 3 shows that microbial 
diversity was highest in the control group (index = 10) and 
significantly decreased with increasing concentrations of 

tartrazine. At the highest concentration (20 mg/L), microbial 
diversity was severely reduced (index = 5). This decline in 
microbial biodiversity is a clear indicator of the disruptive 
effects of tartrazine on aquatic ecosystems. The statistical 
analysis confirmed a significant reduction in microbial diversity 
with increasing tartrazine concentrations (p<0.05) [5, 6]. 

 

 
 

Fig 3: Microbial Diversity vs. Tartrazine Concentration. Boxplot showing the distribution of microbial diversity indices across different tartrazine 
concentrations 

 
Discussion 
The findings of this research provide substantial evidence on the 
detrimental environmental effects of tartrazine, a commonly 
used synthetic dye, on aquatic ecosystems, particularly on fish 
growth, biochemical health, and microbial biodiversity. As 
observed, fish exposed to higher concentrations of tartrazine 
showed a significant reduction in growth rates, highlighting the 
potential of synthetic dyes to disrupt normal physiological 
development. The control group, which did not experience any 
tartrazine exposure, exhibited the best growth, reinforcing the 
idea that exposure to environmental pollutants can significantly 

impair biological functions in aquatic species. Previous studies 
have shown similar results, indicating that pollutants like 
tartrazine can hinder growth in aquatic organisms due to the 
disruption of metabolic and cellular functions [2, 3]. 
The biochemical marker analysis revealed that tartrazine 
exposure induced oxidative stress in the fish, as evidenced by 
the elevated levels of oxidative stress markers such as 
superoxide dismutase and catalase. These findings align with 
those of Yadav et al. [2], who reported that synthetic dyes 
contribute to the generation of reactive oxygen species (ROS), 
leading to oxidative damage in aquatic organisms. In this 
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research, the biochemical alterations were most pronounced in 
the high tartrazine concentration group, suggesting a dose-
dependent relationship between exposure to the dye and 
oxidative stress. These results are consistent with those of 
Kapoor et al. [1], who demonstrated that exposure to pollutants 
can significantly disrupt the antioxidant defense systems in 
aquatic species, further emphasizing the harmful effects of 
synthetic dyes on fish health. 
The reduction in microbial diversity observed in this research is 
particularly concerning, as microbial communities play a crucial 
role in maintaining ecosystem stability and nutrient cycling. As 
the concentration of tartrazine increased, the microbial diversity 
in the aquatic system decreased, indicating that tartrazine might 
have harmful effects on microbial life. This is in agreement with 
findings from Gupta and Kumar [6], who noted that synthetic 
dyes can disrupt the microbial balance in aquatic ecosystems, 
leading to changes in the structure and function of microbial 
communities. The decline in microbial biodiversity could result 
in the destabilization of the ecosystem, potentially affecting 
nutrient cycling, water quality, and overall ecosystem health. 
In light of these results, it is clear that tartrazine, even at 
relatively low concentrations, poses significant risks to aquatic 
life. The decrease in fish growth, biochemical alterations, and 
the loss of microbial diversity observed in this research 
underline the urgent need for better regulation and monitoring of 
synthetic dyes in aquatic environments. Given the widespread 
use of tartrazine in food products and its potential to enter water 
bodies through runoff, it is essential to explore effective 
strategies for mitigating its environmental impact. Further 
research should focus on understanding the long-term ecological 
consequences of tartrazine exposure and developing sustainable 
solutions to reduce its presence in aquatic ecosystems. 
 
Conclusion 
This research highlights the significant environmental risks 
posed by tartrazine, a synthetic dye widely used in food, 
beverages, and pharmaceuticals, to aquatic ecosystems. Our 
findings demonstrate that exposure to tartrazine at varying 
concentrations adversely affects the growth, biochemical health, 
and microbial biodiversity of freshwater fish. The dose-
dependent decrease in fish growth, along with elevated oxidative 
stress markers, underscores the toxicological potential of 
tartrazine, which disrupts metabolic processes and reduces the 
overall health of aquatic organisms. Furthermore, the substantial 
reduction in microbial diversity indicates that tartrazine can alter 
the microbial balance of aquatic ecosystems, with long-term 
implications for water quality and ecosystem stability. 
Given the harmful effects observed in this research, it is crucial 
to recognize the broader ecological implications of synthetic 
dyes like tartrazine. As synthetic dyes continue to be extensively 
used, their accumulation in aquatic environments through runoff 
from industrial and domestic waste poses a significant threat to 
freshwater habitats. This research stresses the need for effective 
management strategies to reduce the contamination of water 
bodies by tartrazine and similar pollutants. To mitigate these 
risks, stricter regulations and monitoring systems must be 
implemented to ensure that the levels of synthetic dyes in 
effluents are kept within safe limits. Additionally, industries that 
use these dyes in manufacturing processes should adopt more 
sustainable practices, including advanced wastewater treatment 
technologies that can effectively remove or neutralize chemical 
pollutants before they enter aquatic environments. 
Practical recommendations also include the promotion of 
alternatives to synthetic dyes in food and industrial products. 
Natural colorants derived from plant or animal sources could 
serve as environmentally friendly substitutes to reduce the 
ecological footprint of these chemicals. Public awareness 
campaigns can also be crucial in educating both industry 
stakeholders and consumers about the environmental impacts of 

synthetic dyes and the importance of reducing their use. Further 
research into the long-term effects of tartrazine on aquatic 
ecosystems is also needed to provide a deeper understanding of 
its ecological risks, particularly with respect to biodiversity and 
the resilience of aquatic communities. 
In conclusion, the findings of this research emphasize the need 
for comprehensive efforts to safeguard aquatic ecosystems from 
synthetic chemical pollutants. The protection of freshwater 
environments requires coordinated action, including regulatory 
measures, sustainable practices, and continued research into the 
environmental impacts of industrial chemicals like tartrazine. 
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