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ABSTRACT

he study was conducted during January, 2023 to December, 2024 at Tirunelveli, Tuticorin and Kanyakumari district of

Tamil Nadu, India to investigate the biodegradability of effluents collected from semi-intensive aquaculture systems
operating in Tamil Nadu based on biodegradability index calculated from Biochemical Oxygen Demand (BOD) and Chemical
Oxygen Demand (COD). BOD indicated the oxygen needed to biologically degrade organic matter; COD measured both
biodegradable and nonbiodegradable organic matter. The BOD/COD ratio (Biodegradability index) averaged 0.46, showing
that the wastewater exhibited moderate biodegradability, implying that biological treatment was feasible but microbial seeding
might enhance efficiency. Seasonal peaks in May correlated with increased feed input and organic waste accumulation; lower
values in October and November reflected reduced production. Regression analysis identified a quadratic polynomial as the
best predictor of BOD from COD, underscoring the value of mathematical models for monitoring wastewater quality. This
study demonstrated that integrating BOD and COD data with statistical tools could improve effluent management. Expanding
sustainable aquaculture would require implementing treatment technologies suited to effluents with moderate biodegradability.
The findings provided baseline information for designing effluent treatment plants, optimizing microbial consortia and informing
policy on discharge standards.
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1. INTRODUCTION

quaculture has experienced significant growth in recent

years and now accounts for nearly half of global fish
consumption, with production currently at 51 million t
(Ogunfowora et al., 2021). To meet the demands of a
growing global population, aquaculture is projected to
expand significantly in the coming years. In 2022, global
aquaculture production of aquatic animals reached 94.4
million t, surpassing capture fisheries for the first time. This
trend is expected to continue, with aquaculture’s share in
global fisheries and aquaculture production projected to
grow from 51% in 2022 to 54% by 2032 (Dongyu, 2024).
The anticipated growth emphasizes the industry’s critical
role in ensuring food security and providing a nutritious
diet, particularly in developing nations. However, despite
the numerous benefits of aquacultures to human nutrition
and the global economy, there are increasing concerns
about its environmental impact due to inadequate treated
by-products. Effluents from aquaculture systems, which
include uneaten feed, chemicals, fertilisers and waste, are
frequently released into surrounding aquatic environments.
These discharges contribute to significant alterations in the
physicochemical properties of water bodies and introduce
various anthropogenic pollutants that can negatively
affect natural aquatic ecosystems (Ahmad et al., 2022;
Ogunfowora et al., 2021). The degree of contamination
of wastewater is widely determined by two parameters:
Biochemical Oxygen Demand (BOD) and Chemical
Oxygen Demand (COD). These indicators are often
used to assess the degree of contamination of the water
(Onukwugha, 2024). BOD is the amount of oxygen needed
by bacteria and other microorganisms in the biochemical
decomposition and transformation of organic matter in
the presence of oxygen. The incubation period of 5 days
have been accepted as the standard for this test (But other
incubation periods are also sometimes used) and sometimes
can reach 30 days (Saravanathamizhan and Perarasu, 2021).
COD is a standard test for water to consume oxygen in
the form of potassium dichromate in the breaking down of
organic matter and inorganic chemicals such as ammonia
and nitrite. The aquaculture industry generates significant
quantities of organic and inorganic waste, contributing to
water pollution if these wastes are partially or inadequately
treated (Turcios et al., 2014). Effluents from aquaculture
facilities are typically characterized by elevated levels of
Biochemical Oxygen Demand (BOD) and Chemical
Oxygen Demand (COD), which serve as critical parameters
for evaluating the presence of organic waste and chemical
pollutants in aquaculture water (Lv et al., 2024). BOD
measures the oxygen required by microorganisms to
decompose organic material over a specific period. COD,
in contrast, provides a broader assessment of the total
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oxygen demand needed to oxidize both organic matter
and certain inorganic substances, such as ammonia and
nitrite, over a shorter timeframe. The primary difference
between BOD and COD is that COD measures all the
organic material content in terms of both biodegradable
and non-biodegradable compounds, while BOD only
measures organic material that is or can be biologically
degraded (The biodegradable fraction of the wastewater)
(Ahmad et al., 2021). Extensive research has been conducted
on the biodegradability index in effluents from industries
such as sugarcane processing and agro-based byproducts,
its application in the aquaculture industry remains limited.
This gap is significant because aquaculture facilities employ
diverse culture practices, leading to variations in effluent
composition. Regulatory bodies emphasize the importance
of effluent treatment plants (ETPs) in aquaculture
operations to ensure compliance with environmental
standards. However, even after treatment, some effluents
may retain organic and chemical loads that are not effectively
removed by existing ETP mechanisms (de et al., 2021).
Assessing the biodegradability index of aquaculture effluents
provided a scientific basis for identifying inadequacies in
current treatment processes. This evaluation could guide the
implementation of additional remedial measures to enhance
the efficiency of effluent management systems.

2. MATERIALS AND METHODS

2.1. Collection and analysis of aquaculture effluent water
samples

The study was conducted during January, 2023 to
December, 2023 at Tirunelveli, Tuticorin and Tanjore
district of Tamil Nadu (Table 1). Composite water samples
were collected from aquaculture effluent discharge points
from semi-intensive aquaculture systems in the Tirunelveli,

Table 1: Cordinates of sampling sites

Sites Latitude (DMS) Longitude
(DMS)

Site 1 8°33'48.6"N 77°31'02.1"E
Site 2 8°50'03.7"N 77°22'47.2"E
Site 3 8°49'45.8"N 77°21'07.3"E
Site 4 8°36'48.0"N 78°03'18.9"E
Site 5 8°37'26.5"N 78°01'44.4"E
Site 6 10°36'35.5"N 79°14'33.9"E
Site 7 10°36'28.1"N 79°14'16.0"E
Site 8 8°53'45.3"N 77°25'28.1"E
Site 9 8°55'44.9"N 77°19'59.0"E
Site 10 8°53'31.8"N 77°24'22.7"E

*DMS stands for Degrees, Minutes, and Seconds
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Tuticorin and Tanjore district of Tamil Nadu (Figure 1).
A total of 10 freshwater carp culture unit was selected and
composite water samples of effluent water were collected
on every month from January, 2023 to December, 2024
and triplicate samples were collected and then combined
as homogeneous samples. Effluent samples were collected
in thoroughly cleaned bottles and were preserved at
approximately 4°C after adding appropriate preservatives
to slow biological activity and prevent chemical hydrolysis.
For COD analysis, sulfuric acid was added to adjust the pH
to 2 before refrigeration. BOD and COD were analysed by
following the methods outlined by Anonymous (1986) and
Anonymous (2017).
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Figure 1: Sampling points of semi-intensive aquaculture farms

in Tamil Nadu
2.2. Biodegradability index

The biodegradability index, commonly expressed as the
BOD/COD ratio, was an indicator used to assess the
potential for biological treatment of wastewater. This
ratio reflected the ease with which organic matter in the
wastewater could be degraded by microorganisms (Rudaru
et al., 2022). When the BOD/COD ratio was greater
than 0.6, the waste was considered readily biodegradable
and could be effectively treated with standard biological
processes (Diwyanjalee et al., 2024). If the ratio falls between
0.3 and 0.6, biological treatment was still possible, but
seeding with specific microorganisms might be required to
help initiate the process, as natural degradation might be
slower. If the BOD/COD ratio was below 0.3, the waste
was not suitable for biological treatment (Wei et al., 2023).

2.3. Statistical analysis

The statistical software package (Statistical Package for
Social Science, Version 7.5) called SPSS was used to
calculate the correlation coefficients (r values) between

COD and BOD. The regression parameters a and b of the
linear equation Y=a+bX was determined using the method
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of least squares to fit the experimental data (Wonnacott,
1981). Correlation was used to determine the extent to
which parameters were linearly dependent. Regression
analysis was used for estimating the average relationship
between parameters which provided some way to predict
the value of one or more dependent variables in terms of
independent variables. The correlation coefficient between
two variables X and Y (Trivedy and Goel, 1984).

Mean Relative Quadratic Error (MRQE) was calculated

using the equation
MRQ-E = ((Z(B ODEchrimcntal_B ODCalculatcd) )/(n_ 1 )) 2

where n was the number of data points.
3. RESULTS AND DISCUSSION
he monthly COD and BOD values of aquaculture

effluents, recorded over a 12-month period collected
from 10 different aquaculture systems effluent outlet (Figure
3 and 4), were presented in Table 2. The effluents showed
a peak COD value in May (93.2 mg I'!) and a minimum
in October and November (48.2 mg 1"?). Similarly, BOD
was highest in May (34 mg 1) and lowest in October and
November (24 mg 1) (Figure 4 and 5). The increased
organic load in May likely reflected the high feed input
and organic waste accumulation typical of the warmer
season, which could elevate microbial activity and oxygen
demand (Chapra et al., 2021). The variations in BOD and
COD throughout the year suggested seasonal influences on
aquaculture effluents, with notable increases in COD and

BOD levels during the high-production months (Figure

y = 0.194098*x + 16.364239
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Figure 2: Simulated values of BOD and COD
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Figure 3: Box plot showing the mean variation of COD and
BOD across 10 sampling stations

4). During these periods, the effluents contained elevated
levels of organic material from uneaten feed, fecal matter,
and residual chemicals. This organic material increased the
oxygen demand in receiving waters, potentially impacting
the surrounding ecosystem. This condition was specific to
the selected farm, as it strategically managed its culture
cycle so that peak feeding occured between March and
May. Additionally, other environmental factors might have
contributed to the elevated COD values observed during

Figure 4: Variation of COD and BOD values in different

months

this period. Despite similar seasonal trends, COD and BOD
values did not follow a linear relationship. This pattern
might be attributed to the complex mixture of organic and
inorganic compounds present in the aquaculture effluents
(Niu et al., 2022). These effluents contained a variety of
substances with differing degrees of biodegradability. For
example, compounds in aquaculture systems might vary
widely in their breakdown rates, depending on their origin
(e.g., feed additives, antibiotics, or naturally occurring
organic matter). As a result, BOD fluctuates more than
COD, reflecting the varying proportions of biodegradable
and non-biodegradable substances in the effluent stream.
The non-linear relationship between COD and BOD
in aquaculture effluents suggested that the composition
of effluents was influenced by multiple factors, including
feed practices and water management (Figure 2) (Park
and Daniels, 2017). Due to the diverse nature of these

Table 2: Experimental COD and BOD (mg I'?) values for different months and sampling stations (2023)

Month Site 1 Site 2 Site 3 Site 4 Site 5
BOD COD BOD COD BOD COD BOD COD BOD COD
January 28 58.7 27 57.3 29 60.1 28 59.8 27 58.2
February 30 62.4 31 63.5 29 61.8 30 62.1 31 63.7
March 31 64.3 30 63.1 32 65 30 63.4 31 64.8
April 32 70.9 33 71.8 31 69.5 32 70.3 33 72
May 34 93.2 35 94.5 33 91.8 34 93 35 94.2
June 32 85.6 31 83.7 33 86.8 32 84.9 34 87.3
July 30 78.5 31 79.3 29 76.8 30 77.6 31 79
August 29 61.3 30 63 28 60.1 29 61.5 30 62.8
September 27 55.1 26 54.3 28 56.7 27 55.4 27 55.9
October 24 48.2 25 50.1 23 47.6 24 48.4 25 50
November 25 50.7 24 49.5 26 51.8 25 50.3 24 49.2
December 26 52.3 27 53.2 25 51 26 52.5 27 53.1
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Month Site 6 Site 7 Site 8 Site 9 Site 10
BOD COD BOD COD BOD COD BOD COD BOD COD
January 28 58.5 29 59.2 27 57.6 29 60.3 28 58.9
February 30 62.8 32 64.3 30 62.2 31 63.9 29 61.7
March 30 63.7 32 65.5 31 64 32 65.3 30 63.5
April 32 70.6 34 73.2 33 71.1 32 70.7 31 69.8
May 34 93.7 36 95.3 34 93.6 35 94.1 33 91.9
June 32 85.2 33 86.5 32 84.8 34 87 33 86.1
July 30 78.2 32 80.3 30 77.8 31 79.2 29 76.7
August 29 61.6 30 63.2 29 61.7 30 63.1 28 60.4
September 26 54.8 28 571 27 55.6 26 54.5 27 55.3
October 24 48.3 25 50.4 23 47.8 25 50.2 24 48.5
November 25 50.5 24 49.4 26 51.6 25 50.6 26 51.7
December 26 52.7 28 54.3 26 52.8 27 53 25 51.4

compounds, accurately determining the exact composition
and biodegradability of each component was challenging.
Therefore, attempts were made to establish the best possible
relationship between COD and BOD to predict organic
load patterns more accurately and assess the impact on water
quality. The different polynomial equations that represent
the relationship between the BOD and COD were fitted
to the experimental data. The BOD was expressed in term
of measured COD and gave a best fit polynomial equation
of quadratic, cubic, fourth and fifth order polynomial were
fitted was given in Table 3.

Table 3: Order of polynomials and the equational relation

Order of polynomials Equations with COD (X) and BOD
(Y)

Quadratic order
Cubic order

Y=0.0093 X*-0.854 X+42.99

Y=0.0009 X3-0.1876 X2+12.55 X-
253.88

Y=-2x10-5 X*-0.0054 X3-0.6495 X?
-33.511X-603.91

Y= -1x10-5 X°+0.0033 X*-0.455 X3
+30.743X2-1022.8X+13425

Fourth order

Fifth order

The errors between the experimental and calculated BOD
values derived from the correlation between BOD and COD
were presented in Table 4. Given that the estimation errors
varied across all methods, we calculated the Mean Relative
Quadratic Errors (MRQE) for each to enhance clarity
in result interpretation. The quadratic-order polynomial
fit demonstrates the lowest error, indicating it as the
most accurate model for estimating BOD from COD
in this dataset (Tao et al., 2019). Both the experimental
and simulated BOD and COD values using the best-fit

Table 4: Variation of errors between experimental and

polynomial-calculated BOD

COD,_, BOD,_

Errors between experimental and

(mg ) (mg ) calculated BOD

Qua- Cubic Fourth  Fifth

dratic  order order order

order
58.7 28.1 3.19 9.67 6166.75 528.97
62.4 20.3 5.61 2.86  6857.56 691.97
64.3 31.4 4.87 14.68 7252.88 807.74
70.9 32.7 3.51 19.05 8707.39 1275.87
93.2 455 1.32 30.66 15294.97 4585.66
85.6 42.6 4.57 32.31 12734.97 3071.41
78.5 20.3 12.96 9.68 10628.85 2036.30
61.3 291 3.51 11.30 6654.13 645.62
55.1 27.3 3.13 8.67 5537.24 398.62
52.3 26.2 2.44 8.11 5081.44 315.96
50.7 15.1 8.50 2.37 4823.45 264.31
48.2 24.2 0.77 8.23 446493 215.77
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equations, confirming through graphical analysis that
the quadratic-order correlation offers the best fit for this
data. The average BOD/COD ratio was found to be 0.46,
indicating moderate biodegradability of the wastewater
(Table 5). This value suggested that biological treatment was
possible, but the process might be slow initially (Abdalla and
Hammam, 2014). To improve the efficiency of treatment,
seeding with specific microorganisms could be beneficial, as
it would help speed up the acclimatization of the microbial
community to the waste. Overall, while the organic matter
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Table 5: Biodegradability index (BOD/COD ratio)

COD,,, BOD, . BOD/COD

(mg 1) (mg 1) ratio
58.7 28.1 0.48
62.4 20.3 0.48
64.3 314 0.48
70.9 32.7 0.45
93.2 45.5 0.36
85.6 42.6 0.37
78.5 20.3 0.38
61.3 29.1 0.47
55.1 27.3 0.49
52.3 26.2 0.50
50.7 15.1 0.49
48.2 24.2 0.50
Mean 0.47

in the wastewater shows potential for biological breakdown,
certain components were likely more resistant, requiring
additional support to optimize the treatment process

(Kumar et al., 2024).
4. CONCLUSION

OD and BOD values of aquaculture effluents could

effectively predict the quality of water discharged
into natural waters. It highlighted that a quadratic-order
equation best correlated these parameters and stresses
the need for reliable polynomial models for wastewater
management. Moreover, the study emphasized that the
BOD/COD ratio indicated biodegradability and suggested
seeding to enhance biological treatment of aquaculture
effluents, ensuring sustainable and environmentally friendly
aquaculture practices.
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