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Abstract Polyvinyl chloride microplastics have become one of the most harmful 
aquatic pollutants, and their potential toxicity to fish has become one of the major 
issues. The target of our research was to determine the effects of polyvinyl chloride 
microplastics on the Cirrhinus mrigala growth pattern and serum metabolites like 
glucose, protein, and lipid profiles. To assess the effect of polyvinyl chloride on 
Cirrhinus mrigala, we use four containers marked as T0, T1, T2, and T3. An equal 
number of fingerlings was placed in each container. T0 used as control, in which we 
used no microplastics. While 50, 100, and 150 mg/L of microplastics were used in T1, 
T2, and T3, respectively. The research was performed under the complete 
randomized design (CRD). After 4 weeks of growth, the result was measured, and 
the result was analyzed by one-way ANOVA. After a specific time, the growth was 
compared. The fingerlings in T3 had a smaller length than those in other containers 
due to a high amount of PVC microplastics. The noticeable changes in the liver 
include loss of cell shape, damaged liver cells, and deposition of fat in parenchyma 
cells. The serum metabolites parameter was measured by LFT. Serum metabolite 
parameters such as ALT, AST, ALP, protein, bilirubin, and GGT were significantly 
elevated as PVC quantity increased. The results of this study revealed that a higher 
concentration of PVC microplastics could have negative impacts on the growth and 
liver of fish, which may ultimately endanger the food web. 
Keywords: Global concern, histopathology, microplastics, plastic usage, serum 
metabolites, aquatic toxicity. 

 

 

Introduction 
A plastic particle less than 5mm is a microplastic, 
became most widespread environmental pollutant and 
aquatic pollutant. The plastics are divided into 
different classes depending on their size: mega 

plastics (50 cm), macro plastics (larger than 5 mm), 
and microplastics (less than 5 mm). In the diversity of 
microplastics, polyvinyl chloride (PVC) became more 
noticeable due to its differe use in industrial and 
consumer products, coupled with its persistence and 
potential toxicity in aquatic environments. When 
plastic pollution interacts with ultraviolet light, plastics 
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break into small fragments [4]. Microplastics take 
years to decompose and are found everywhere easily, 
especially in aquatic ecosystems, making it easy to be 
ingested by fish. The most important source of 
microplastics is humans. Every day, humans dump 
microplastics in nature in different forms, like shopping 
bags, shampoo, or toothpaste [11].  
According to past reports, most of the plastic items 
were not properly discarded. In medical emergencies, 
everyone uses gloves and a mask, but does not 
discard them properly [19]. The most important part of 
an aquatic ecosystem is fish, which are most sensitive 
to microplastics [2]. Cirrhinus mrigala, commonly 
known as mrigal carp, is commercially important in 
South Asia and plays a critical role in the local 
economy. Any effect on Cirrhinus mrigala can directly 
affect the food web and economy [11]. As a bottom-
dwelling omnivore, C. Mrigala is particularly 
susceptible to ingesting microplastics that settle in 
sediments or are suspended in the water column. 
Aquaculture produces a significant percentage of the 
fish production annually. Aquatic ecosystems and 
terrestrial ecosystems are connected; consequently, 
modification in one system affects the other. PVC 
microplastics are often mistaken for food particles by 
fish. These microplastics facilitate the toxic chemical 
absorb which are eaten by fish during prey [16].  
Many studies show that ingestion of microplastics can 
lead to impaired fish growth, change metabolism, and 
weaken the immune system and liver function, which 
shows the need for toxicology assessments [5][13]. 
Sometimes, PVC releases some chemicals like BPA, 
which disrupt the functions of endocrine compounds, 
sometimes known as endocrine disrupting compound 
(EDC). Endocrine compounds control the hormonal 
regulation. Due to disruption of endocrine compounds, 
the normal function of hormones is disrupted, which 
causes a reduction in fertility and alters the sex 
hormone levels [12].  Microplastics show significant 
variation in growth, intestine, liver, reproduction, 
immunity, and metabolism [7]. The most affected part 
of the fish is the liver [20]. The other factors to assess 
the effect of microplastics are serum metabolites, 
which include glucose, protein, and lipid profile [1]. 
Interaction with microplastics causes a severe lung 
inflammation, causing a change in cell shape and 
ultimately stops the detoxification [8]. There is very 
little knowledge about the effect of polyvinyl chloride 
microplastics on freshwater fishes, especially 
Cirrhinus mrigala. The PVC microplastics are a great 
threat to the aquatic ecosystem because they can 
cause severe growth problems, liver damage, and 
disturb the metabolic process. We can fill this gap by 
knowing the effects of PVC microplastics on 
freshwater fishes, especially Cirrhinus mrigala. We did 
this study to evaluate the effects of PVC microplastics 
on the growth performance of Cirrhinus mrigala, to 
assess the histopathological changes in the liver 
tissues of C. Mrigala exposed to PVC microplastics, 
and to analyze the impact of PVC microplastics on 
serum metabolite profiles in C. Mrigala. 

Materials and Methods 
 
Fingerlings (5-7 cm) of Cirrhinus mrigala were 
collected from the Faisalabad fish hatchery. To 
acclimatize in a laboratory setting, fish were placed in 
glass aquariums and raised for four weeks with 
continual aeration. Four groups of similar glass 
aquariums, each with ten fish, were distributed. One 
air stone aerator is used in every aquarium [6]. Every 
tank has an air stone for oxygen. Air stone powered 
by electricity. Clean water is used in an aquarium. Fish 
were fed by commercially prepared feed every day. 
Every day, uneaten food and dead fish are removed 
from the water [3]. 

Sample Preparation 

Fishes are treated with polyvinyl chloride with different 
concentrations in different aquariums. PVC was 
bought from the chemical market in Faisalabad. Four 
different aquariums are marked as To, T1, T2, and T3. 
Each aquarium was treated with a different 
concentration. In T0, only food is given, in T1, 50 mg/L 
is used, in T2, 100 mg/L, and in T3 125mg/L PVC is 
used. PVC is measured on the scale and mixed with 
the respective aquarium water to make a soluble 
solution. 

 
Figure 1. Polyvinyl chloride powder 

Growth Performance 

Various growth measurements, including absolute 
weight gain (ABG), absolute length growth (ALG), 
condition factor, weight gain (WG), specific growth 
rate (SGR), and survival rate, can be used to evaluate 
fish growth performance. CF was calculated by 
dividing Cirrhinus mrigala's total length by its body 
weight. Length was measured with a measuring tape, 
and body weight was determined using an electronic 
balance. 

             CF=!"#$%	%'()#*(	,)
."/0	1'2)*#(1)

 
 
Weight gain measured by the electron balance. For 
the initial weight, we measured the weight of five fish 
from each aquarium before giving any chemicals. For 
the final weight, we measured the weight of the same 
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five fish (that were taken for initial weight) after 
completing the trial period. 

Wight gain% =32($%	1'2)*#	4	5(2#2$%	1'2)*#
5(2#2$%	1'2)*#

X100 

For absolute weight gain, we measured how much 
weight gain the fishes. For the initial weight, we 
measured the weight before giving any chemicals. For 
the final weight, we measured the weight after 
completing the trial period. 

Absolute weight gain = Final weight – Initial weight 

For absolute length gain, we measured how much 
length gain by fishes. For initial length, we measured 
the length of five fish from the same aquarium with a 
measuring tape. For the final length, we measured the 
same fish after completing the trial period. 

Absolute length gain = Final length – Initial length 

To examine the particular growth rate, the initial and 
end weights were assessed during 7 days, and 
statistical data were collected to see whether there 
was a difference in growth rate between the control 
and trial groups of fish. 

Wight gain %=5((32($%	1'2)*#	4	5(2#2$%	1'2)*#)
678'92:'(#$%	/;9$#2"(	2(	/$0<

X10 

For survival rate, we check the number of fish before 
giving any chemical. After completing the trial period, 
record the number of fish. If any fish died in this period, 
record it in your record book. The formula to calculate 
the survival rate is:  

Survival rate= 32($%	(;:='9	">	>2<*'<
5(2#2$%	(;:='9	">	>2<*'<

X100 

Liver Function Analysis 

At the end of the trial period, fish were taken from each 
aquarium, a sample was taken by using a syringe up 
to 1 ml of blood, and transferred to a heparin tube 
(EDTA). The parameters are measured by the 
spectrophotometer. Heparin acts as an anticoagulant 
agent. Liver analysis by liver function test, such as 
ALT, ASP, AST, bilirubin, protein, and GGT. Liver 
function test like ALT, ASP, AST, bilirubin, protein, 
and GGT, were performed on the Microlab 300 with 
the QEC diagnostic kit. 
 

Statistical Analysis 

The researchers used One-Way Analysis of Variance, 
also known as ANOVA, as the primary method of 
assessing the results after the end of the 4-week trial 
period. ANOVA was used to determine if the changes 

in growth and liver health were "statistically 
significant," or if the changes were too large to be 
explained by chance. The F-value is the ratio of the 
variance between the different treatment groups and 
the variance within the different treatment groups. For 
example, the very high F-value of Triglycerides, which 
was 1423, showed a large variation in lipid levels 
directly proportional to the PVC dosage. The sum of 
Squares (Sum sq) was calculated for each parameter, 
e.g., Avg. weight was 19.1, to determine the total 
variation of the data points from the mean. 
The p-value is essential in validating the hypothesis. 
For instance, in most cases, if the p-value is below 
0.05, the results are said to be significant. In this 
study, the parameters, such as Weight, SGR, ALT, 
and AST, had a p-value of 0, indicating that the results 
are extremely significant. If the p-value is 0, as in the 
case of the parameters Glucose and Protein in the 
table, it means that the probability of the PVC 
treatment not affecting the parameter is zero. For the 
parameter Uric Acid, the p-value is 0.65, which is way 
beyond 0.05. This shows that the PVC treatment had 
an effect on the parameter, although it was not 
significant. 

Results 
The experiment analyzes the physical changes in the 
liver, liver growth, and serum metabolites. The key 
parameters that are analyzed: physical changes, 
including weight and length, liver assessment, which 
includes enzymes and serum metabolites, which 
include glucose, total protein, and other relevant 
biochemical markers. These biomarkers were 
selected based on their established sensitivity to 
xenobiotic exposure and their role in reflecting liver 
functional status. All these markers assess the stress, 
any changes in liver or serum metabolites. The result 
was assessed based on the following parameters: 
• pH, temperature, and dissolved oxygen were 

measured every week  
• For growth rate, weight gain, specific growth rate, 

total length gain, CF, and survival rate were 
measured.  

• The liver parameters, i.e., ALT, AST, ALP, 
bilirubin, and GGT. 

• The serum metabolites include total protein, 
globulin, albumin, cholesterol, triglyceride, and 
uric acid. 

The serum metabolites include total protein, globulin, 
albumin, cholesterol, triglyceride, and uric acid. The 
growth was measured in relation to weight, length, 
SGR, condition factor, and survival rate. The weight 
was measured with the help of an electric weighing 
machine. Every week, the weight of each treatment 
fish was measured, and at the end of the week, the 
average of each week was calculated. The length was 
measured with inching tape. Every week, the length of 
each treatment fish was measured, and at the end of 
the week, the average of each week was calculated.  
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SGR, or sustainable growth rate, was measured by 
subtracting the final weight from the initial weight. It 
gave us the weight which fishes sustained during this 
period. The condition factor reflects the nutritional 
status and well-being of fish based on the fish’s length 
and weight. A higher CF value reflects the fatter fish, 
and a lower CF value reflects the skinny fish. The 
survival rate is measured by calculating the deaths of 
fish in each treatment.  
The Specific Growth Rate (SGR) was calculated to 
determine the relative growth efficiency of the fish 
during the experimental period. Survival rate was 
determined by monitoring daily mortalities and 
recording the number of live fish at the end of the 
experiment. Provides a percentage increase in weight 
per day. The condition factor (K) is an indicator of the 
overall health and well-being of the fish. It helps 
assess the robustness and nutritional status of the fish 
under different treatments. Survival rate was 
determined by monitoring daily mortalities and 
recording the number of live fish at the end of the 
experiment. This parameter indicates the suitability of 
the rearing environment and the stress level imposed 
by the treatments. The T0 treatment group exhibited 
higher average weight and weight gain values than 
the T3 treatment group. When T1 is subjected to a 50 
mg/L concentration of PVC microplastics, it 
experiences the least amount of weight gain 
compared to T0. T2 was treated to a 100 mg/L dose 
of PVC microplastics and experienced the least 
amount of weight gain as compared to T0. When T3 
was subjected to a higher concentration of PVC 
microplastics (150 mg/L), it experienced the least 
amount of weight gain compared to the other 
experimental groups. 
The T0 treatment group exhibited a higher average 
length, which is 7.4cm. When T1 is subjected to a 
concentration of 50 mg/L PVC microplastics, it 
experiences the least amount of length compared to 
T0, which is 7.1cm. T2 was subjected to a 
concentration of 100 mg/L PVC microplastics and 
gained the least amount of length, as compared to T0, 
which was recorded at 7.025cm. When T3 was 
subjected to a higher concentration of PVC 
microplastics (150 mg/L), it gained the least length 
compared to the other experimental groups, which 
was 6.8cm. As we discuss the length gain, the least 
length gain was recorded in T3, which was just 0.9cm, 
while the control group, or T0, gained the maximum 
length, which was 1.45 cm. It shows the pattern, as 
we increase the concentration of the microplastics, the 
length decreases. It may be due to oxidative stress, 
which causes less ingestion of food and changes in 
the hormones.  
The T0 treatment group exhibited higher condition 
factor values than the T3 treatment group. When T1 is 
subjected to a concentration of 50 mg/L PVC 
microplastics, it experiences the lowest value of 
condition factor compared to T0. T2 was subjected to 
a concentration of 100 mg/L PVC microplastics and 
gained the lowest value of condition factor as 

compared to T0. When T3 was subjected to a higher 
concentration of PVC microplastics (150 mg/L), it 
showed the lowest value of condition factor compared 
to the other experimental groups. The T0 treatment 
group exhibited the highest SGR values compared to 
the T3 treatment group. When T1 is subjected to a 
concentration of 50 mg/L PVC microplastics, it 
experiences the lowest value of SGR compared to T0. 
T2 was subjected to a concentration of 100 mg/L PVC 
microplastics and gained the least value SGR as 
compared to T0. When T3 was subjected to a higher 
concentration of PVC microplastics (150 mg/L), it 
showed the least value of SGR compared to the other 
experimental groups.  
The periodic increase in AST value in Cirrhinus 
mrigala. The control groups, T1 and T2, showed the 
normal AST values. However, the T3 showed 
abnormal AST values. The average value shown in T0 
is 27.16 U/L, while the AST in T1 and T2 was 34.76 
U/L and 45.46 U/L. T3 showed the highest value of 
AST, which was 54.16 U/L. As the AST may be found 
in other organs, its increase may not significantly 
assess the health of the liver. The ALP in the control 
group was under control. As we increased the 
concentration of PVC, ALP values increased but 
remained under normal values. The maximum value 
was seen in T3, which had a mean of 36.8 mg/dL, 
while the minimum value was seen in the control 
group, which had a mean of 16.1 mg/dL.   
As the concentration of PVC increases, the value of 
bilirubin increases gradually. The control group 
bilirubin and T1 were normal. But as we approach T2, 
its value is slightly increased from the normal value. In 
T3, the bilirubin values were higher than in the other 
treatments. The highest value was seen in T3, which 
was exposed to 150 mg/L of PVC microplastics. The 
lowest value was seen in the control group. The least 
values of total protein of Cirrhinus mrigala in treatment 
T0, in contrast to T1, which was subjected to a dose 
of 50 mg/L of PVC microplastics, exhibit a higher value 
of total protein when compared to T0. The T2 with a 
dose of 100 mg/l of PVC microplastics demonstrates 
a higher total protein value than both treatments, T0 
and T1. Furthermore, the concentration of the 150 
mg/L PVC microplastics exhibits the highest value 
among the entire experimental group.  
The least values of albumin of Cirrhinus mrigala in 
treatment T0, in contrast to T1, which was subjected 
to a dose of 50 mg/L of PVC microplastics, exhibit a 
higher value of albumin when compared to T0. The T2 
with a dose of 100 mg/L of PVC microplastics 
demonstrates a higher albumin value than both 
treatments, T0 and T1. Furthermore, the 
concentration of the 150 mg/L PVC microplastics 
exhibits the highest value among the entire 
experimental group. The control group, T1, and T2 
showed the normal AST values. However, the T3 
showed abnormal ALT values. As the ALT is found 
primarily in the liver, its increase has a direct effect on 
the liver, which can damage the liver. The least values 
of globulin of Cirrhinus mrigala in treatment T0, in 
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contrast to T1, which was subjected to a dose of 50 
mg/L of PVC microplastics, exhibit a higher value of 
globulin when compared to T0. The T2 with a dose of 
100 mg/L of PVC microplastics demonstrates a higher 
globulin value than both treatments T0 and T1. 
Furthermore, the concentration of the 150 mg/L PVC 
microplastics exhibits the highest value among the 
entire experimental group. The least values of 
triglyceride of Cirrhinus mrigala in treatment T1, in 
contrast to T2, which was subjected to a dose of 100 
mg/L of PVC microplastics, exhibit a higher value of 
triglyceride when compared to T0 and T1. The T3 with 
a dose of 150 mg/L of PVC microplastics 
demonstrates the highest triglyceride value among 
treatments. 
The maximum value of triglycerides was recorded in 
T3, which was 470 mg/dL, while the minimum 
triglyceride seen in T1, which was subjected to 100 
mg/L of PVC microplastics, was 125 mg/dL. The T3 
with a dose of 150 mg/L of PVC microplastics 
demonstrates the highest glucose value compared to 
treatments T0, T1, and T2. The least values of glucose 
of Cirrhinus mrigala in treatment T0, in contrast to T1, 
which was subjected to a dose of 50 mg/L of PVC 
microplastics, exhibit a higher value of glucose when 
compared to T0. The T2 with a dose of 100 mg/L of 
PVC microplastics demonstrates a higher glucose 
value than both treatments T0 and T1. Furthermore, 
the concentration of the 150 mg/L PVC microplastics 
exhibits the highest value among the entire 
experimental group. The maximum glucose value 
recorded into, which was 215 mg/dL, while the least 
value of glucose recorded in T0 was 121 mg/dL.  
The least values of uric acid of Cirrhinus mrigala in 
treatment T2 and T3, in contrast T1, which was 
subjected to a dose of 50 mg/L of PVC microplastics, 
exhibits the highest value of uric acid when compared 
to T0. The T2 with a dose of 100 mg/L of PVC 
microplastics demonstrates a lower uric acid value 
than both treatments T0 and T1. Furthermore, the 
concentration of 150 mg/L PVC microplastics exhibits 
the lowest value among the entire experimental group. 
The least values of cholesterol of Cirrhinus mrigala in 
treatment T1, in contrast to T2, which was subjected 
to a dose of 100 mg/L of PVC microplastics, exhibit a 
higher value of cholesterol when compared to T0 and 
T1.  

Table 1:  Mean comparison values of the effect of 
different concentrations of polyvinyl chloride 
microplastics on the average weight, weight gain, CF, 
SGR, ALT, AST, ALP, bilirubin, total protein, albumin, 
triglyceride, glucose, cholesterol, and uric acid of 
Cirrhinus mrigala 

 Treatment 

Parameter T1 T2 T3 T4 

Mean (weight) 7.25 6.6 6.35 5.225 

Mean 
(length) 

7.4 7.1 7.025 6.8 

Mean 
(CF) 

1.79 1.63 1.525 1.452 

Mean 
(SGR) 

1.9 1.28 1.17 0.81 

Mean 
(ALT) 

27.76 27.53 36.1 53.83 

Mean 
(AST) 

27.16 34.76 45.46 54.16 

Mean 
(ALP) 

16.1 17.76 27.83 36 

Mean 
(bilirubin) 

0.3 0.4 1.27 1.39 

Mean (protein) 3.9 5.1 8.4 9.3 

Mean 
(albumin) 

1.4 1.9 3.6 4.1 

Mean 
(globulin) 

2.5 3.2 4.8 5.5 

Mean (triglyceride) 182 125 350 470 

Mean 
(glucose) 

121 129 185 215 

Mean (cholestrol) 180 173 303 389 

Mean 
(uric acid) 

7.7 7.8 .7.6 7.6 

The survival rate of all groups T0 to T3 remains 
consistent when subjecting to varying concentrations 
of PVC microplastics for four weeks. T3, subjected to 
a higher level of microplastics at 150 mg/L, did not 
affect the survival probability of Cirrhinus mrigala. The 
most interesting thing in this study is that no fish died 
due to ingestion of PVC microplastics, but it affects 
their lifestyle and other factors. To evaluate the 
effectiveness of the treatment methods, we utilize the 
analysis of variance ANOVA technique. The p-value 
reflects the importance of treatment in the analysis of 
the variable table. 

Table 2: Analysis of Variance of different doses of 
polyvinyl chloride microplastics on the average 
weight, CF, SGR, ALT, AST, ALP, bilirubin, protein, 
albumin, globulin, triglyceride, cholesterol, glucose, 
and uric acid of Cirrhinus mrigala 

 Treatment Residual 
Sum sq df F PR Sum sq df 

Avg. weight 19.1 3 66.5 0 3.0 32 
CF 0.939 3 22.9 0 0.23 32 
SGR 8.29 3 437.1 0 0.20 32 
ALT 1683 3 44.08 0 101 8 
AST 839 3 31.6 0 70.6 8 
ALP 1266 3 14.2 0.001 237 8 
bilirubin 1856 3 16.73 0.001 295 8 
protein 55.9 3 125 0 1.18 8 
albumin 15.51 3 142 0 0.291 8 
golbulin 14.97 3 332 0 0.12 8 
triglyceride 222134 3 416 0 1423 8 
cholestrol 91798 3 586 0 417 8 
glucose 16613 3 49 0 892 8 
Uric acid 0.26 3 0.571 0.65 1.24 8 
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Discussion 
Due to their durability and ability to resist decay, 
microplastics are a significant pollutant and have 
become a global problem. As larger pieces of plastic 
degrade into smaller particles, they will continue to be 
an issue for aquatic ecosystems. Microplastic 
particles can be found in various sizes and shapes, as 
well as different chemical compositions. For example, 
polyvinyl chloride (PVC) microplastics can be found in 
a broad range of consumer and industrial goods 
(pharmaceuticals and personal care products), so 
there is a high chance of exposure through the 
manufacturing process. When ingested by fish, 
microplastics can build up in their intestinal tracts, 
causing blockage, limited ability to absorb nutrients, 
altered metabolism, and immune function [17]. 
The effects of PVC Microplastics on Cirrhinus mrigala 
growth and liver functioning were evaluated in this 
study by placing fish into 4 different concentration 
levels of PVC microplastic (50 mg/L, 100 mg/L, and 
150 mg/L) in 4 separate glass aquaria under 
controlled laboratory conditions. A control aquarium 
was also included. The water temperature, pH, and 
dissolved oxygen levels were recorded throughout the 
course of the experiment [18]. The results were 
recorded linearly, demonstrating that as dosages 
increased, the animals had less growth performance. 
The highest average weight was found with no 
tetrahydrofuran in the control group (i.e., 7.25 g), while 
the lowest average weight was found with 75% 
tetrahydrofuran in T3 (i.e., 5.25 g). The average 
weights for T1 and T2 were between 6.6 g and 6.35 g, 
respectively, showing moderate decreases. In 
addition, the specific growth rates were highest for T0 
(1.8) and lowest for T3 (0.81), indicating that higher 
concentrations of PVC significantly hindered growth. 
Decreasing the rate of growth from PVC ingestion 
may be due to food being diverted into the stomach 
due to the presence of indigestible particles, leading 
to starvation, oxidative damage from the degraded 
contaminants, or metabolic disruption of the animal's 
normal processes due to the presence of the 
contaminant, including altering the animal's normal 
lipid profile [15]. 
Analysis of liver enzymes indicated that the fish were 
under a significant amount of stress due to exposure. 
T3 had an increase in ALT, AST, and ALP levels as 
compared to the control, which demonstrates damage 
to hepatocytes and changes to the permeability of 
their membranes. The increases in bilirubin and GGT 
levels indicate possible biliary dysfunction and 
potential destruction of red blood cells as well. Other 
studies on hepatic toxicity induced by microplastic 
exposure revealed that polyethylene microplastics 
resulted in similar levels of hepatic toxicity [17], and 
PVC nanoplastics caused hepatic toxicity under 
thermal stress. In Cirrhinus mrigala, it was confirmed 
through experimentation that increased contamination 
by PVC microplastics caused systemic biochemical 
changes (increased levels of total protein, albumin, 

globulin, triglycerides, glucose, and uric acid) due to 
stress and metabolic imbalance [10]. Growth and liver 
functionality were also found to be affected by 
increased concentrations of PVC microplastics. 
 

Conclusion 
Research results indicate that as levels of PVC 
microplastics increase, so too do harmful impacts to 
fish, particularly the species studied (Cirrhinus 
mrigala). In this study, as microplastic concentration 
increased from 50 to 150 mg/l, there were progressive 
reductions in growth performance, which was 
evidenced by reductions in weight (between 62% and 
70%) and length (between 6.6% and 12%) relative to 
controls. On the other hand, concentrations of the 
laboratory values (ALP, AST, ALT, GGT, and total 
protein) also increased, but these increases were 
much greater than those seen in control fish, and so 
the results are strongly suggestive of the negative 
impact of microplastics on fish health. The results of 
this investigation provide a strong basis for 
establishing the necessity of understanding and 
addressing microplastic pollution in aquatic habitats to 
protect fishery resources and develop sustainable 
aquaculture. 
While there were some valuable contributions made 
by this research, it had some limitations. The duration 
of exposure was limited to only 28 days. Thus, it only 
provides us with information on the short-term, but 
does not cover chronic or long-term exposures. The 
study was also conducted under controlled laboratory 
conditions using four aquaria (control, 50 mg/L, 100 
mg/L, 150 mg/L) and therefore may not accurately 
represent the complexity of natural aquatic 
ecosystems. A wider range of concentrations could be 
used to better define toxicity thresholds and dose-
response relationships. In addition, the research only 
used the fingerlings of Cirrhinus mrigala, and 
therefore, this will limit the generalisability of the 
findings to other life stages or species, because of the 
expected interspecies variability in microplastics. 
Future research will require lengthy exposure trials to 
determine the effects of microplastic pollution on the 
health of fish, including their growth rate, liver 
condition, and death rate. Additionally, future research 
will require assessing many different non-lethal effects 
on these fish (including their behaviour, reproduction, 
immune system suppression, and oxidative stress) 
after being exposed to microplastics for a long period 
of time. Future studies will also need to expand their 
scope in order to create findings that are ecologically 
relevant by examining a larger number of different 
species and conducting studies under real-world 
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conditions. It will also be important for future research 
to evaluate various ways to reduce microplastic 
pollution and preserve biodiversity in aquatic 
environments, such as through improved waste 
management, reduced use of disposable plastics, 
increased efficiency of water treatment processes, 
and the enactment of new regulations for reducing 
microplastic pollution. 
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