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Abstract
Dependency on sea food has increased owing to its nutrition as well as being complete food. As the production of seafood 
is enhanced through aquaculture, wastewater release has also improved. The composition of wastewater from aquaculture 
production has been a concern as it has oil and grease, organic content, etc., which makes its treatment challenging. The 
present study aims at treating aquaculture wastewater using two natural coagulants—chitin and seeds of Moringa oleifera. 
The efficiency of the natural coagulants was compared against inorganic chemical coagulant ferric chloride. A blended 
coagulant with two natural coagulants seeds of Moringa oleifera and chitin was also tested. Jar test apparatus was used in the 
current experiments, and four coagulant doses were tested against 3 pH ranges, from 6 to 8. The study results showed that 
the coagulants showed a 30–50% reduction in various physicochemical parameters. Further, the most promising result was 
obtained with the blended coagulants (di-blend) with 70–81% removal of total nitrogen and total phosphorus and the highest 
reduction of chloride with 95%. The Fourier-transform infrared spectroscopy showed functionalized groups responsible for 
coagulation, and X-ray powder diffraction analysis of the blended coagulant indicated the crystallinity and amorphous nature 
of the compounds. Scanning electron microscope analysis presented a firm and dense structure indicating adsorption of 
impurities onto the coagulant. Thus, it is evident that natural coagulants can be the solution for the challenges of aquaculture 
wastewater and specifically the di-blend used in the present is ascertained to be a promising solution.
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Introduction

Rearing aquatic animals and plants is understood as aquacul-
ture, ranging from fish cultivation in naturally formed ponds 
of rural zones to intensified complex commercial fish culture 
tanks of fiberglass. On a global scale, it is seen that there was 
a rapid growth in aquaculture. The production of aquacul-
ture enhanced to more than 50 million presently against its 
production less than a million during 1950. Further, aquacul-
ture production at a global scale grew at 8–14% per annum 

compared to only 1.5% of fish captures. It is estimated that 
the growth of aquaculture will reach 109 million tonnes by 
2030, accounting for a 37% increase compared to 2016. 
Fisheries and its allied resources encapsulate a wide variety 
of food sources feeding a more significant portion of the 
population globally, apart from the magnificent employment 
sector (Zhou 2017; Joseph et al. 2021; Rotter et al. 2021).

With this tremendous increase in production, equal 
amounts of wastewaters are also generated from this sector. 
Concern over the wastewaters generated is due to its char-
acteristics of having high organic content, oil, and grease, 
and salts that make their treatment challenging (Dhanke et al. 
2019). These characteristics call for the mandatory treatment 
of these wastewaters toward maintaining quality and accepta-
bility. Several treatment methods were developed and adopted 
for improving water quality, reducing water usage but were 
differed owing to fluctuating levels of success. On the other 
hand, water shortages, land costs, stringent enhanced regula-
tions have made it necessary to develop an efficient, improved 
treatment method. Studies have stated that the discharges from 
aquaculture possess greater concentrations of ammonia and 
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 PO4
3− along with pathogens (Lin et al. 2003; Yerlikaya et al. 

2021). Ammonia is toxic to fish, which is limited to only 
2 mg/L in aquaculture wastewaters. Still, it is generally found 
at a higher concentration, while enhanced concentrations of 
 PO4

3− result in the rapid growth of unwanted macrophytes and 
algae, leading to eutrophication (Ngatia et al. 2019; Karnena 
and Saritha 2020; Alishahi and Aïder 2012).

Although progress toward treatment processes for phos-
phorus reduction is made, many efforts and research are 
required toward efficient treatment. It is also to be noted 
that much phosphate concentration exists in settleable and 
colloidal associated solids fractions. Hence, treatment sys-
tems that effectively remove solids are needed to be made 
(Sitek 2020). Conventional treatment processes for aqua-
culture wastewater are not feasible due to the generation 
of toxic residue, capital investment, and operational exper-
tise requirements. Coagulation is understood to be the most 
accepted treatment for the removal of colloidal particles.

Further, coagulants can also remove the suspended mineral 
particles as well as reduce turbidity. Previous studies have 
shown that conventional coagulants such as alum and ferric 
chloride can inactivate and precipitate inorganic phospho-
rus from aquaculture pond water. Though these coagulants 
effectively removed pollutant load, the residual aluminum had 
toxic effects on plants (Yang et al. 2016; Kritchenkov et al. 
2021). Consequently, coagulants having properties such as 
being efficient, economical, non-toxic, environment friendly, 
and sustainable are constantly being searched. Natural coagu-
lants are understood to satisfy all the above-said criteria.

Earlier studies have demonstrated the usefulness of natu-
ral coagulants such as chitosan (Chung et al. 2003; Yang 
et al. 2016). But studies on optimization and efficacy estima-
tion concerning conventional coagulants are meager. In these 
lines, the aims of the present study are twofold to evaluate 
the competence of natural coagulant Moringa oleifera for 
treating aquaculture wastewater and to compare its efficiency 
with conventional ferric chloride. Further, the second aim is 
to assess the efficacy of blended coagulant M. oleifera and 
chitin in treating aquaculture wastewater.

Materials and methods

Acquiring and preparing coagulants

Coagulants chitin and ferric chloride were of analytical 
grade supplied by Coastal Enterprises of company Sigma-
Aldrich, and Merck chemicals were used in the study. Seeds 
of Moringa oleifera were procured from the local market, 
cleansed and made to powder, and sieved using a 0.25-µ 
sieve to get a uniform size. The powder was stored in sealed 
polythene for further use.

Effluent sample collection

The aquaculture effluent was collected from the aquafarms 
located around 3–4 km from GITAM (Deemed to be Uni-
versity) using three 25 L jerry cans and filled to the brim to 
expel entrapped air within the can. The jerry-can was then 
corked, sealed, and refrigerated until the commencement 
of the experiment. Effluents were characterized as per the 
standard methods of APHA (APHA, AWWA, WEF 2012). 
All experiments were carried out in the laboratory of the 
Department of Environmental Science.

Jar test experiments

Experiments to determine the efficiency of coagulants were 
performed using conventional Jar test Apparatus (Cintex 
Flocculator). The experiments were carried out in batches 
and in triplicates which were represented as average. The 
individual jar was added with a 2 L sample after recording 
the initial temperature and adding various coagulant doses. 
Initial rotation of the baffles was set to 100 rpm for flash 
mixing for about 2 min, and the then slow mix was adopted 
at an rpm of 20 for about 30 min followed by settling of 
30 min after the baffles are removed.

Analytical procedures

All the physicochemical analyses of all the samples are ana-
lyzed by using APHA, 2016 standard methods.

Turbidity

The nephelometric turbid meter was calibrated using 40NTU 
standard suspension. The sample under test is shaken thor-
oughly and filled in the cuvette, placed in the sample cham-
ber. Constant value is noted down.

pH

pH was measured using a pH meter. Calibration of elec-
trodes was carried out using 4.0 and 9.2. After rinsing with 
distilled water and wiping with tissue paper, the electrode is 
dipped into the water sample under test. At constant value, 
the reading is noted down.

Electrical conductivity (EC)

The conductivity cell was calibrated with 0.1 N KCl stand-
ard solution having a conductivity of 14.12 mmhos. After 
rinsing electrodes thoroughly using deionized water and 
wiping dry, the electrode is dipped into the sample under 
test. At constant value, the reading is noted down.
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Total dissolved solids (TDS)

TDS were measured gravimetrically; a clean porcelain dish’s 
initial weight (A) was taken after igniting in a muffle fur-
nace, partial cooling in the air, and cooling in a desiccator. 
Into this was added 100 mL (V) of filtered sample and was 
evaporated at 100 °C; on a water bath, it was dried in an oven 
at 103 °C for about an hour. The final weight (B) of the dried 
dish was taken after cooling in a desiccator.

Chlorides

A 100 mL sample was taken to a flask, and an indicator 
potassium chromate of 2 drops was added, after which the 
sample turns yellow color. This solution was titrated against 
0.0141 N  AgNO3 until the color changes to brick red. The 
consumed volume of  AgNO3 was noted down (A). A blank 
was titrated; similarly, the volume of  AgNO3 consumed was 
noted down (B)

Total hardness

Hundred milliliters of sample was taken into conical flask to 
which a buffer of 2 mL was added, followed by inhibitor of 
1 mL and a pinch of Eriochrome black T indicator; solution 
was turned into wine-red color immediately. Solutions were 
titrated against 0.01 M EDTA till the color changes to blue. 
A blank is also titrated similarly, and the volume of EDTA 
consumed both for sample (A) and blank (B) is noted down.

Calcium hardness

Hundred milliliters of sample was taken in a conical flask 
to which NaOH solution of 1 mL was added, followed by 
a pinch of murexide indicator; solution turns to pink color. 
Later it was titrated against 0.01 M EDTA solution till the 
color changes to purple. A blank is also titrated similarly, 
and the volume of EDTA consumed both for sample (A) and 
blank (B) is noted down.

Calculations: Total dissolved solids (mg/L)

=
(A − B) × 1000

Volume of Sample taken

Calculation: Chloride (mg/L)

=
(A − B) × Normality of AgNO3 × 35.46 × 1000

Volume of Sample taken

Calculation: Total hardness (mg/l) as CaCO3

=
(A − B) × 1000

Volume of Sample taken

Total nitrogen and total phosphorous

TN was determined using a TOC-TN analyzer (SHIMADZU, 
Japan), and TP was established using Hach Lange cuvette 
tests on the spectrophotometer (DR2000, Lange GmbH 
Germany).

Characterization of samples

The FTIR was analyzed using the morphology of the synthe-
sized material examined by the Philips made CM-200. XRD 
patterns were determined by “PANALYTICAL X’PertPro 
Powder X-ray diffractometer” having a graphite monochro-
matic Cu Kα (λ = 1.5406°A), and sample morphology was 
examined with a scanning electron microscope using the FEI 
quanta model, JSM 7600.

Results

The efficiency of natural coagulants to treat aquaculture 
wastewater was investigated in the present study. The results 
are presented as follows.

Table 1 presents the initial analysis (raw water) of aqua-
culture wastewater. Values are presented as the mean of 12 
samples. pH was found to be 8.33. Turbidity was found to be 
2.3 NTU. The electrical conductivity of the initial analysis 
was found to be 9.2 µ siemens/cm2.

The total dissolved solids concentration was 4157 mg/L. 
The chloride content of the samples was found to be 
25,000  mg/L. Concentration of total hardness was 
23,000 mg/L, and that of calcium hardness was 15,000 mg/L. 
The concentrations of total phosphorous and total nitrogen 
were 11.6 mg/L and 9.6 mg/L.

Calculation: Calcium hardness (mg/l) as CaCO3

=
(A − B) × 1000

Volume of Sample taken

Table 1  Initial parameters of aquaculture waters

Parameters Values SD

Turbidity (NTU) 2.3 0.1
pH 8.33 0.1
EC (µS) 9.2 0.1
TDS (mg/L) 4157 1.5
Chlorides (mg/L) 25,000 0.1
Total hardness (mg/L) 23,000 2.1
Calcium hardness(mg/L) 15,000 0.5
Total phosphorus (mg/L-P) 11 0.1
Total nitrogen (mg/L-N) 9.6 0.1
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Table 2 depicts the reduction of physicochemical parame-
ters of the aquaculture water after treatment with ferric chlo-
ride. Turbidity reduction was observed maximum of 86.96% 
at pH 7 with a dose of 0.15 g/L. Reduction in electrical con-
ductivity was observed to be good at pH 8 with around 99% 
removal. Reduction of total solids was noted to be 52–55% 
in all pH and dose ranges. Chloride reduction was observed 
to be a maximum of 36.46% at pH 6 with a dose of 0.1 g/L. 
Total hardness removal was negative, going to a maximum 
of 20.14% at pH 7 with 0.1 g/L, while calcium hardness was 
maximum with 69% in most doses and pH ranges. Total 
nitrogen removal was 30.43% at pH 7 with 0.15 g/L, whereas 
phosphorous removal was 26.36%.

Table 3 depicts the reduction of aquaculture water phys-
icochemical parameters after chitin treatment. Turbidity 
reduction was observed maximum of 78.2% at pH 8 with a 
dose of 0.05 g/L. Reduction in electrical conductivity was 

observed to be poor at pH 6; 12% maximum removal was 
found to be removal. Chloride reduction was observed to be 
a maximum of 84.38% at pH 7 with a dose of 0.2 g/Ll. Total 
hardness removal was going to a maximum of 69.23% at 
pH 6 with 0.1 g/L, while calcium hardness was maximum 
at 78.95% at pH 7 with 0.1 g/L. Total nitrogen removal was 
maximum of 53.04% at pH 7 with 0.2 g/L, and phosphorous 
removal was 62.72% at pH 8 with 0.05 g/L.

Table 4 depicts the reduction of the aquaculture water 
physicochemical parameters after treatment with seeds of 
Moringa oleifera. Turbidity reduction was observed maxi-
mum of 47.83% at pH 8 with a dose of 0.2 g/L. Reduction 
in electrical conductivity was observed to be good at pH 8 
with around 5.7% removal. The decrease in total solids was 
negative in all pH and dose ranges. Chloride reduction was 
observed to be a maximum of 92.71% at pH 7 with a dose 
of 0.05 g/L. Total hardness removal was negative in all pH 

Table 2  Percentage reduction 
in physicochemical parameters 
after treating with ferric 
chloride

pH Dose Turbidity EC Total 
dissolved 
solids

Chlorides Total hardness Calcium hardness TN TP

6 0.05 26.09 10.65 52.61 28.13  − 15.79 61.54 18.26 16.36
0.1 78.26 13.50 52.85 36.46  − 10.53 69.23 22.60 19.09
0.15 56.52 2.05 52.37 16.67  − 42.11 61.54 26.95 17.27
0.2 82.61  − 4.79 52.13 17.71  − 10.53 53.85 29.56 20.10

7 0.05 8.70 28.94 54.05 18.75 0.00 61.54 29.56 26.36
0.1 65.22 32.93 53.33 21.88 21.05 61.54 26.95 25.45
0.15 86.96 33.67 53.57 27.08 0.00 69.23 30.43 26.36
0.2 56.52 28.18 53.81 32.29 10.53 61.54 30.41 17.27

8 0.05  − 17.39 99.81 55.98 15.63  − 10.53 61.54 29.56 25.45
0.1 43.48 99.81 55.26  − 5.21  − 10.53 69.23 27.82 28.18
0.15 34.78 99.81 55.02 7.29  − 42.11 53.85 26.95 20.9
0.2 52.17 99.81 54.53 18.75  − 26.32 69.23 27.82 21.81

Table 3  Reduction percentage 
in physicochemical parameters 
after treating with chitin

pH Dose Turbidity EC Total 
dissolved 
solids

Chlorides Total hardness Calcium hardness TN TP

6 0.05 69.5 12.06 2.67 78.13 73.68 69.23 31.3 27.27
0.1 60.86 11.08  − 0.86 80.21 42.11 53.85 35.65 41.81
0.15 65.21  − 3.2  − 14.5 84.36 63.16 46.15 37.39 45.45
0.2 56.52  − 0.32  − 11.54 83.33 47.37 53.85 40 51.81

7 0.05 60.86 4.34  − 5.94 82.29 78.95 46.15 41.73 54.54
0.1 60.86 6.52  − 4.64 83.33 68.42 46.15 49.56 60
0.15 60.86 5.43  − 3.8 83.33 84.21 61.54 46.95 60.9
0.2 56.52 2.17  − 9.26 84.38 84.21 61.54 53.04 62.71

8 0.05 78.2  − 3.26  − 14.52 80.21 26.32 46.15 46.95 62.72
0.1 60.86  − 1.08  − 13.01 80.21 63.16 53.85 45.21 58.18
0.15 69.5 9.7  − 0.86 83.33 42.11 69.21 48.69 60.9
0.2 73.91 1.08  − 10.07 80.21 42.11 69.20 49.56 64.54
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and dose ranges, while calcium hardness was maximum with 
84.6 2% at pH 7 with amounts 0.1 and 0.2 g/L. Total nitro-
gen removal was maximum of 50.43% at pH 8 with 0.2 g/L, 
and phosphorous removal was 69.09% at pH 8 with 0.1 g/L.

Table 5 depicts the reduction of the aquaculture water 
physicochemical parameters after treatment with a blend 
of seeds of Moringa oleifera and chitin. Turbidity reduc-
tion was observed maximum of 56.52% at pH 8 with a 
dose of 0.05 g/L. Electrical conductivity reduction was 
observed to be good at pH 8 with around 64.49% and dose 
0.1 g/L. Removal of total solids was noted to be 74.00% 
pH 8 and dose 0.1 g/L. Chloride reduction was observed 
to be about 93–94% at pH and dose ranges. Total hard-
ness removal was negative, going to be a maximum of 
20.14% at pH 7 with 0.1 g/L, while calcium hardness was 
maximum at 76.92% at pH 8 with 0.05 g/L and 0.1 g/L. 

Total nitrogen removal was maximum of 81.73% at pH 7 
with 0.05 g/L, and phosphorous removal was the highest 
compared to the other sample’s maximum up to 78%.

Parameter‑wise comparison between coagulants

Turbidity reduction of aquaculture wastewaters by coagu-
lants was observed to be least with a blended coagulant, 
which was negative, and highest was observed with fer-
ric chloride coagulant at pH 7 (86.96%) (Fig. 1). Electri-
cal conductivity reduction of aquaculture wastewaters by 
coagulants was observed to be least with seeds of MO–chi-
tin (0.74%), and highest was observed with ferric chloride 
at pH 8 (99.81%) (Fig. 2).

Total dissolved solids reduction of aquaculture waste-
waters by the coagulant was observed to be least with MO 

Table 4  Percentage reduction 
in physicochemical parameters 
after treating with Moringa 
oleifera seeds (MO)

pH Dose Turbidity EC Total 
dissolved 
solids

Chlorides Total hardness Calcium hardness TN TP

6 0.05  − 21.74 0.74  − 10.70 80.21  − 36.84 76.92 37.39 29.09
0.1 4.35 4.55  − 6.47 81.25  − 26.32 76.92 40 40
0.15  − 13.04 1.51  − 9.86 82.29  − 42.11 61.54 38.26 50.90
0.2  − 8.70 5.24  − 5.65 78.13  − 47.37 69.23 41.73 52.72

7 0.05  − 4.35 2.05  − 9.26 92.71  − 15.79 76.92 37.39 53.63
0.1  − 21.74 0.74  − 10.70 81.25  − 15.79 84.62 40 52.72
0.15 17.39 2.05  − 9.26 83.33 0.00 76.92 44.34 55.45
0.2 30.43 2.05  − 9.26 79.17  − 42.11 84.62 46.95 55.45

8 0.05 34.78 5.33  − 5.61 80.21  − 5.26 76.92 48.69 65.45
0.1 43.48 3.32  − 7.84 83.33 0.00 76.92 46.95 69.09
0.15 30.43 4.55  − 6.47 83.33  − 36.84 76.92 49.56 64.54
0.2 47.83 5.77  − 5.10 80.21  − 15.79 76.92 50.43 67.27

Table 5  Percentage reduction 
in physicochemical parameters 
after treating with MO + chitin

pH Dose Turbidity EC Total 
dissolved 
solids

Chlorides Total hardness Calcium hardness TN TP

6 0.05 21.74 29.71 21.60 94.79  − 10.53 61.54 73.04 74.54
0.1  − 17.39 27.50 19.12 94.79  − 15.79 69.23 74.78 76.36
0.15  − 26.09 35.67 28.24 94.79  − 5.26 61.54 77.39 78.18
0.2  − 65.22 28.98 20.78 94.79  − 21.05 61.54 79.13 78.18

7 0.05 39.13 27.44 19.12 93.75  − 15.79 69.23 81.73 73.63
0.1  − 13.04 63.75 70.29 95.83  − 26.32 53.85 80.86 73.63
0.15  − 52.17 34.72 19.97 94.79  − 26.32 61.54 81.70 78.18
0.2  − 52.17 64.13 23.94 95.83  − 31.58 69.23 80 78.18

8 0.05 56.52 33.78 26.15 94.79  − 10.53 76.92 73.04 74.54
0.1 0.00 64.49 74.00 94.79  − 57.89 76.92 71.30 70.90
0.15  − 43.48 32.47 24.68 93.75  − 21.05 61.54 72.17 71.81
0.2  − 21.74 31.11 23.17 93.75  − 26.32 69.23 72.17 71.81
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seeds that were negative and highest observed with ferric 
chloride at pH 8 with all doses (55.98%) (Fig. 3). Chloride 
reduction of aquaculture wastewaters by the coagulant was 
observed to be least with ferric chloride (36.46%), and the 
highest was observed with blended coagulant at all pH and 
dose ranges (94–95%) (Fig. 4).

Total hardness reduction was negative by all the coagu-
lants (Fig. 5) except chitin which was highest with chitin 
at pH 7, dose 0.15, and 0.20 (84.2%). Calcium hardness 
reduction of aquaculture wastewaters by the coagulant was 
observed to be least with chitin, and highest was observed 
with M. oleifera at pH 7, dose 0.1 and 0.2 (84.6%) (Fig. 6).

Total nitrogen reduction of aquaculture wastewaters by 
the coagulant was observed at least with ferric chloride 
(18.2) at 7 pH with a dose of 0.1. The highest was observed 
with MO–chitin at pH 7 with doses 0.05 and 0.15 (Fig. 7). 
Total phosphorous reduction of aquaculture wastewaters by 
three coagulants was observed to be least with ferric chlo-
ride (16.36%), and the highest was observed with blended 
coagulant at all pH and dose ranges (70.90–78.18%) (Fig. 8).

FTIR analysis

FTIR instrument was used to analyze the MO–chitin sam-
ple (Fig. 9) near the IR region. The blended powder was 

strained by 75-µ sieve and mixed with the KBr and com-
pressed and pelletized to a volume of 1/100 W/W and used 
for the analysis. The adsorption peak for MO–chitin was 
found at 1373  cm−1 representing C–H of the alkali group 
with bend structures. The peak at 1586  cm−1 indicated aro-
matic compounds, and 1646  cm−1 indicated the presence 
of N–H groups’ bend structures. Further 1703, 1740  cm−1 
showed that the samples consisted of carboxylic aldehyde 
groups are responsible for the adsorption phenomenon—
the peaks at 2922 and 3676  cm−1 attributed to the presence 
of carboxylic and aromatic compounds. The colloidal par-
ticles’ adsorption onto the MO–chitin surface is due to the 
interaction of charges by the hydrogen bonds of carboxylic 
and alkali groups (Saritha et al. 2019; Araújo et al. 2010; 
Espíndola-Cortés et al. 2017). The polymer adsorbed might 
be stabilized or altered depending on the presence of the 
number of particles and polymers and their affinity toward 
water–polymer–particles adsorption (Saritha et al. 2019).

XRD analysis

XRD patterns of the MO–chitin are shown in Fig. 10. The 
XRD patterns revealed that these materials have amorphous 
and small crystalline regions (da Silva Lucas et al. 2021; 

Fig. 1  Turbidity comparison of the coagulants
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Aleman-Ramirez et al. 2021). XRD patterns explain whether 
the prepared compounds do not have any impurities and are in 
pristine forms. In general, the peaks reflect the conditions and 
effects of the experiments denoting smaller particles size. The 
MO–chitin offered the reflections in a 2-theta range of 10–90. 
Intensive peaks are observed at 50.53, 40.83, 38.57, 36.32, 
30.44, 28.71, 24.70, and 15.35, indicating the compounds’ 
crystallinity and amorphous nature. These features might be 
responsible for the adsorption of pollutants onto the coagulant 
surface (Aleman-Ramirez et al. 2021).

SEM analysis

SEM analysis of MO–chitin showed (Fig. 11) the firm 
and dense structure with a heterogeneous and microscopic 
porous matrix, indicating that all the impurities are adsorbed 
onto the compound’s surface, which might be attributed to 
the presence of moieties of proteins. Thus, from these fea-
tures, it is evident that these compounds have enough mor-
phological profile for adsorbing other impurities.

Microbial analysis

H2S bottles were used to test the microbial contamination 
in wastewater, and Fig. 12 shows (a) E. coli, (b) Vibrio, (c) 

Salmonella in the effluents. However, after treating the sam-
ple with MO–chitin coagulants, the microbes were removed 
entirely from the water samples.

Discussion

Wastewaters emanating from aquaculture ponds possess 
typical characteristics like more significant pollutant load 
in organic matter, nutrients, solids, and salts, causing high 
turbidity. The turbidity encompasses plankton, clay particles, 
feces, detritus along with the waste feed. If these solids are 
removed, recycling these waters is possible. Moreover, as the 
options for recycling increase, the pollution of water bodies 
reduces. In these lines, the present study utilized the natural 
coagulants chitin and seeds of M. oleifera to treat aquacul-
ture wastewaters, compared the efficiency of M. oleifera to 
that of ferric chloride, and used a blend of coagulants, i.e., 
MO + Chitin (Moringa oleifera + chitin). The pathway of 
chitosan coagulation primarily depends on the deacetylation 
and pH of the wastewater. It has been shown that the greater 
the deacetylation, the lesser the pH enhanced, which is the 
performance of chitosan (Wang et al. 2021). Though not in 
acetylated form, chitin in the present study showed better 
efficacy in its blended form removing 94–95% of chloride.

Fig. 2  Electrical conductivity reduction by the coagulants
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Fig. 3  Total dissolved solids reduction by the coagulants

Fig. 4  Chloride reduction by the coagulants
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50% reduction in TDS was obtained by ferric chloride in 
the present study. Vijayasri et al. (2013) presented a decrease 
in COD from initial 102 to final 5.31 mg/L post-treatment 
with ferric chloride along with the culture of microalgae. 
This is similar to the results in the present study, where 
only ferric chloride was not effective in removing pollutant 
parameters. A noteworthy point was regarding the sturdy 
flocs formed by ferric coagulant containing Fe (OH)3 with 
higher density than the flocs created by the organic coagu-
lants in the study (Ebeling et al. 2003).

TDS reduction and turbidity reduction from the aqua-
culture wastewaters are presented in Figs. 1, and 3, which 
illustrates the dosage of coagulants governs disparities of 
TDS and turbidity in wastewaters. The results are in accept-
ance with the earlier studies (Ebeling et al. 2003). As dosage 
increased, the TDS and turbidity removal were enhanced by 
 FeCl3 while they diminished swiftly beyond above a dosage 
of 0.15 g/L for MO and blended coagulant. It is inferred 
from the results that  FeCl3 was much efficient in removing 
TDS and turbidity from the test waters are due to the reduc-
tion of solubility of Fe(OH)3 at high ionic strength (Zhang 
et al. 2014), results in a lowering the aqueous double-layer 
thickness among majority solution and floc of the surface 
(Zhang et al. 2014).

Total hardness is a measure of the concentration of all 
metal cations except for alkali metals. Much of the con-
cern about hardness in water treatment is with all the ions 
involved; in aquaculture, the problem is mainly calcium 
and magnesium concentration. Among various divalent 
salts, however, calcium and magnesium are understood to 
be the broader sources of water hardness. Another essential 
aspect of hardness is its effect on pH—soft water has low 
pH, and hard water has high pH. A desirable range would 
be between 75 and 200 mg/L  CaCO3. A low level of hard-
ness (10–20 mg/L  CaCO3) can cause stress to animals. A 
high level of hardness is not desirable as it increases the 
pH and reduces other nutrients’ availability. An essential 
impact of hardness on aquatic life is the effect of metals as 
cadmium, lead, chromium, and zinc. The toxicity of these 
metals decreases with hardness as they form insoluble pre-
cipitates and settle at the bottom and become unavailable to 
the aquatic organisms.

The lower levels of  CaCO3 (< 100 mg/L)) hardness pre-
sent a consistent sign of a lower concentration of calcium. 
While greater hardness is necessary which may not be due 
to a greater calcium concentration, it can also be due to 
high magnesium concentrations with or without calcium. 
In the current study, the removal of calcium hardness was 

Fig. 5  Total hardness reduction by the coagulants
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found to be a maximum of 84.62% by MO. In comparison, 
overall test coagulants efficiently removed more than 60% 
of calcium, essential enough for the shrimp growth. Total 
hardness is a necessary nutrient in shrimp farming—calcium 
ions minimize the rise of pH during the high photosynthetic 
rates. These ions are essential for bone formation; the crus-
taceans’ shell formation in the brackish water aquaculture 
hardness by calcium ranges from 346 to 896.5 was observed. 
A review by Aarø (2020) stated that the natural coagulants 
M. oleifera and chitosan can compete with inorganic coagu-
lants toward water treatment and that both coagulants have 
a greater affinity toward the removal of pollutants in water 
which includes organic molecules, inorganic ions through 
mechanisms like charge neutralization, bridging and elec-
trostatic patch mechanism.

Precisely, while treating aquaculture water with dis-
solved organic carbon in terms of humic acids, charge neu-
tralization and precipitation are dominant mechanisms of the 
coagulation process. Metal salts usually have more excellent 

neutralization capability over organic polymers, and hence, 
the efficiency of inorganic coagulants for treatment of these 
wastewaters is supposed to be high (Heiderscheidt et al. 
2016; Sillanpää et al. 2018). Moreover, it is understood that 
the production of insoluble compounds from metal salts 
tends to improve coagulation/flocculation by enhancing 
particles’ availability in the suspension, increasing reaction 
kinetics leading to floc aggregation (Heiderscheidt et al. 
2020; Sun et al. 2019).

Heiderscheidt et  al. 2020 have reported stable and 
effective removal of phosphorus from the sludge obtained 
from aquaculture wastewater using coagulation by inor-
ganic salts. While Zadinelo et  al. (2018) said greater 
efficiency in removing ammonia from aquaculture waste-
water upon coagulation with higher doses of chitosan 
foam, they have attributed to the enhanced surface area 
and adsorption sites coagulant. Higher concentrations 
of ammonia in the environment are problematic due to 
its toxicity, specifically to aquatic organisms, leading 

Fig. 6  Calcium hardness reduction by the coagulants
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to ammonia concentrations and a cascade of intracellu-
lar reactions leading to mortality (Haseena et al. 2016). 
Owing to the biodegradable nature of chitosan and ammo-
nia removed being a nutrient, the sludge obtained can be 
used as fertilizer.

Effective and faster removal of dissolved orthophos-
phate was obtained during the interaction of protonates, 
the chitosan amino groups with phosphate ions in the 
medium (Zadinelo et al. 2018). The nitrate removal by 
chitosan foam up to 73% was reported attributed to the 
foremost mechanism of adsorption by chitosan and phys-
ical adsorption (intermolecular) due to van der Waals 
forces. The adsorption is governed by external factors like 
temperature, pH, etc. (Zadinelo et al. 2018; Karnena and 
Saritha 2021). Similar results were obtained by Chung 
(2006), wherein the concentrations of orthophosphate 
after treatment were found to be acceptable for discharge 
into natural waters.

Conclusion

The following conclusions are derived from the present 
study:

• Ferric chloride was effective in removing turbidity of 
the wastewater (86.96%) along with 52.55% of total 
dissolved solids in all ranges of pH and dose.

• Chitin proved to be effective in removing turbidity 
(78.2%), chloride (84%), hardness (84.21%), total nitro-
gen (53.04%), and total phosphorus (64.84%).

• Moringa oleifera has effectively reduced chloride 
to 92.71%, with total nitrogen and total phosphorus 
removal rates at 50.43% and 69.09%.

• The di-blend of Moringa oleifera and chitin resulted 
in a 66.49% reduction in electrical conductivity, 74% 
reduction in total dissolved solids, 95% reduction of 
chloride, 81.70% removal of total nitrogen, and 78.18% 
removal of the total phosphorus.

Overall, di-blend adopted and tested in the study has 
proved to be promising and very effective in removing 
various physicochemical parameters that result in caus-
ing pollution. Further, the characterization studies carried 
out on the di-blend coagulant has revealed and proved its 
coagulation efficacy. FTIR analysis revealed the functional 
groups that were responsible for the process of coagulation 
in the di-blend. XRD analysis provided the input of the 

Fig. 7  Total nitrogen reduction by the coagulants
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coagulant being crystalline in nature which would have 
provided a greater surface area for adsorption. Finally, 
SEM images have confirmed the sturdy nature of the floc 

formed on the coagulant. With these observations from the 
study, it is concluded that natural coagulants are equally 
competent for the removal of pollution parameters, with 

Fig. 8  Total phosphorus reduction by the coagulants

Fig. 9  FTIR analysis of the coagulant (MO–chitin) Fig. 10  XRD analysis of the coagulant (MO–chitin)
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blended coagulants offering promising solutions. Hence, 
further studies will be aimed at the preparation and appli-
cation of these coagulants at a large scale with possible 
commercialization.
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