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a b s t r a c t
In this study, the capacity of wasted natural material Fenneropenaeus indicus (Shrimp) shell, as a coagu-
lant, was appraised in the treatment of simulated paint factory effluent (SPFE) by colour and turbidity. 
The study was conducted by varying different operational parameters. The proposed case to treat a 
litre of SPFE was 400 mL of eluate made from 4% (wt/vol) of shrimp shell powder (SSP) and 3 N NaCl, 
at its own initial pH (8.4–8.6). The outcome was 93.67% (colour) and 81.77% (turbidity). The optimized 
conditions were applied on real paint factory effluent. The evaluated sludge volume (SVf) and sludge 
volume index were boosted and the hindered settling velocity (VHS) was in declined trend with the 
upgrade in initial concentration of effluents, in the settling studies. The final volume of sludge was 
ranged between 190 and 260 mL/L and its dry weight was between 32.7 and 38.1 g/L, respectively. 
The presence of chitosan, an active component, responsible for coagulation was confirmed by Fourier 
transform infrared spectroscopy. The results were contrasted with chemical coagulant chitosan and it 
confessed that, being a biodegradable and universally abundant, the SSP has a capacity to become a 
sustainable green alternate for chemical coagulants in the paint factory effluent treatment.
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1. Introduction 

Pollution is the biggest problem which this world faces 
today and it has multiplied day by day. Today, environmen-
tal pollution is the common hazard all of us face and curbing 
is the only available solution. Industrialization and the waste 
it generates is one of the most harmful source of pollution. 
One such sector is paint industry. Paint industry effluent is 
one of the potential pollutants when it comes to environmen-
tal pollution and as such, like any other form of pollution, 
it should be dealt firmly. One of the most significant things 
about paints is the fact that most of the effluent (85%) from 
paint industry comes up from cleaning of the industrial equip-
ment. Paint is an amalgamation of resins, binder, solvents 
and additives. A basic and significant method of classifying 

paints can be made on the basis of primary solvent used for 
disposal of waste in the industry. Based on these, paints can 
be categorized as solvent based, water based, organic solvent 
based and can also be dry (powder) [1].

The toxic ability of paint to cause massive harm can be 
attributed to the high content of chemical oxygen demand 
(COD), biochemical oxygen demand, suspended solids, 
colour, heavy metals, oils and greases. Paints which use 
water as a solvent while coating are generally referred to as 
water-based paints and a special advantage that they have 
compared with others is that they reduce volatile organic 
carbon discharge. Based on the source level reduction and 
product change policies of industrial pollution prevention, 
using water as the solvent, that greatly reduce the use of 
organic solvents for cleaning operations. The disposal of 
paint factory effluent without prior treatment causes great 
disturbances in aquatic life as well as human life including 
irritations and nausea. It can also lead to kidney problems 
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and muscle weakness. Methods such as coagulation and floc-
culation, electrocoagulation, adsorption, Fenton-oxidation, 
electrochemical, biosorption and microfiltration have been 
attempted for the paint effluent treatment [2]. Among all 
these methods, coagulation is an appropriate technology for 
the treatment of effluents with high suspended solids, espe-
cially paint factory effluent [3].

Coagulants can be either derived from natural materi-
als or synthesized using chemical components. The limita-
tions identified in chemical coagulants viz., inefficient at 
low temperature, high cost, adverse effect on the human 
health, large sludge production, changes the pH of treated 
water, etc., forced to search for natural coagulants [4]. By 
scanning through the literature it was identified that several 
plant types, such as M. oleifera, S. potatorum, Cactus species, 
P. vulgaris, surjana seed, maize seed, tannin, gum arabic, 
P. juliflora and I. dasysperma seed gum, were performed as a 
coagulant in various effluent treatments [5–7].

They highlighted from their research that the natural coag-
ulants are cost-effective, does not alter the pH of the treated 
water, highly biodegradable, produced low sludge volume and 
more specifically the treated water do not have any effect on 
human health or on the environment. To act as a natural coag-
ulant, a material should convince the following specifications 
such as (i) high-molecular weight and (ii) able to neutralize the 
pollutants and most importantly it should be universally avail-
able as an agricultural and/or industrial residue [8].

Every year, some 6–8 million tonnes of waste crab, shrimp 
and lobster shells are produced globally, about 1.5 million 
tonnes in southeast Asia alone. In comparison with fish, only 
small part (around 40%) of a crustacean mass is eatable. Waste 
shells are often just dumped in landfill or sea in developing 
countries. In developed countries, disposal can be costly, up 
to US$150/tonne in Australia [9]. The potential value of such 
waste is being long time ignored [10]. Crustacean shells are 
20%–40% protein, 20%–50% calcium carbonate and 15%–40% 
chitin. Dried shrimp shells are valued at a mere $100–$120 
per tonne. The chitin/chitosan are the products obtained from 
the prawn shell waste that has the application in biomedical, 
food, personal care, water treatment, coatings/coverings and 
agriculture [11].

Chitosan, a linear cationic polymer of high-molecular 
weight (50,000-190,000 Da) obtained from the outer shells of 
crustaceans particularly crabs and shrimp, has recently been 
proposed for applications of heavy metal sorption, drinking 
water treatment and industrial effluent treatment [12,13]. It 
has already been used in various wastewater treatment plants. 
It has its applications on various zones such as agricultural 
and horticultural use, filtration, food industry, biomedical 
uses and supplementary for weight loss. Chitosan was used 
as a coagulant in the removal from natural water and milk 
processing plant wastewater [14,15]. The chitosan yield was 
found to be 57.69%, and it was analyzed for its physiochemi-
cal parameters, antibacterial and antifungal activity [16].

Solid waste management strategy includes that increas-
ing waste reduction, developing new standards and tech-
nology and maximizing economic opportunities associated 
with waste management [17]. This strategy motivated us to 
not to waste sea-waste and utilize it as a coagulant for the 
paint factory wastewater treatment and to find the solution 
concurrently for both issues. 

In this study, the capacity of the Fenneropenaeus indicus 
(Indian shrimp) shell powder (SSP) as a coagulant in the 
treatment of simulated paint factory effluent (SPFE) was 
evaluated in terms of colour and turbidity removal by vary-
ing the operational conditions. The obtained optimum con-
ditions were tested on real paint factory effluent (RPFE). The 
results of shrimp shell waste were compared with chitosan.

2. Materials and methods

2.1. Effluent

2.1.1. Simulated paint factory effluent

All chemicals used in the experiment were of analytical 
grade (AR). They were bought from Merck, India. The sim-
ulated water-based SPFE was prepared by amalgamation of 
different proportions of commercially available white primer 
and an acrylic-based blue colourant (5% (v/v)) [18]. A syringe 
was used for measuring the paint volume. It was prepared 
as it was required. Five different samples with varying initial 
concentrations were prepared and labelled as sample num-
bers 1–5, respectively (Table 1). 

2.1.2. Real paint factory effluent 

The real water-based RPFE was collected from paint fac-
tory located in Chennai, South India. The physical–chemical 
properties of both the effluents were listed in Table 2. 
Standard methods were followed for determination of char-
acterization [19].

2.2. Coagulants

2.2.1. Natural coagulant

Clean Fenneropenaeus indicus (Indian shrimp) shells were 
obtained from the local sea food market located in Chennai, 
South India. The shrimp shells were comprehensively 
washed with distilled water to remove the soft tissues within; 
sun dried for 24 h, powdered (SSP) with a kitchen mixer and 
sieved through a 0.5 mm sieve (Fig. 1).

2.2.2. Chemical coagulant

Chitosan is a linear cationic polymer of high-molecular 
weight commonly derived from chitin, obtained from the 
outer shells of shrimps was used as a conventional chemical 
coagulant. It was purchased as flakes and powdered, sieved 
to 0.5 mm size (Fig. 2).

Table 1
Concentration of SPFE 

Sample number Initial COD (mg/L)

1 1,200
2 1,350
3 1,850
4 2,200
5 2,700
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2.3. Preparation of coagulant extract

2.3.1. Shrimp shell

A known weight of SSP was mixed for 15 min at 200 rpm 
in 100 mL of solvent named as eluent. This is to extract the 
active component chitosan from SSP. The resultant solution 
was allowed to settle for 10 min. A measured volume of elu-
ate, that is, the supernatant liquid, was applied as a coagulant 
in the treatment of paint factory effluent [20].

2.3.2. Chitosan

A 1 g weight of chitosan powder was suspended in 
100 mL of 0.5 M HCl solution. It was stirred using magnetic 
stirrer for 10 min and kept aside for about 1 h to dissolve. It 
was made up to 1 L using double distilled water to obtain a 
100 mg/L solution. To avoid the change in the property of 
chitosan, the solutions were prepared freshly.

2.4. Experimental procedure

2.4.1. Coagulation

A regular six stirrer arrangement jar test apparatus (Deep 
Vision-India) with base floc illuminator and inbred speed 
(up to 300 rpm) and timer was used for the batch coagulation 
process. The length and breadth of stirrer paddles are 8 and 
2 cm, respectively (Fig. 3). 

Six beakers of 2,000 mL volume were used to hold the 
effluent in the batch coagulation process. SPFE (1,000 mL) 
was taken for each cycle with known volume of coagu-
lant-eluate. It was then regulated to rapid mixing for 5 min at 
200 rpm, followed by slow mixing for 20 min at 80 rpm and 
settling period of 60 min [2]. A sample of the supernatant liq-
uid was taken at regular intervals during the settling period, 
and centrifuged at 10,000 rpm for 5 min. The clarified liquid 
was used for the measurement of residual colour and turbid-
ity. The amount of sludge obtained was also noted.

The above process was recast to optimize the operating 
variables viz., eluent type (distilled water, NaCl and KCl), elu-
ent concentration (1–5 N), coagulant dose (1%–5% (wt/vol)), 
coagulant-eluate volume (200–1,200 mL), initial pH (5–11) 

Table 2
Physicochemical characteristics paint factory effluent

Concentration (except for pH, colour and turbidity, viscosity)
Parameters Simulated paint factory effluent 

(SPFE) sample no. 5
Real paint factory effluent 
(RPFE)

pH at 25°C 8.4–8.6 7.03
Colour Blue Dark black
Total dissolved solids, mg/L 214 1,234
Total suspended solids, mg/L 11,286 300
Oil and grease, mg/L 19 15
Sulphate as SO4, mg/L 24 115
Chemical oxygen demand (COD), mg/L 2,700 1,760
Biochemical oxygen demand, mg/L (3 d incubated at 27°C) 1,254 880
Turbidity, NTU 5,210 198.5
Viscosity, kg/m s 0.0144 0.015

Fig. 1. Shrimp shell and shrimp shell powder (SSP).

Fig. 2. Chitosan flakes and powder.

Fig. 3. Jar test apparatus.
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and initial concentration (1,200–2,700 mg/L) of the effluent. 
When studying the competence of chitosan as a coagulant, 
the coagulation process was repeated and the settling was 
rather quick this time by varying between 0 and 5 min. All 
the experiments were repeated at least thrice for concordance 
and the mean values were taken for plot.

The observed optimized conditions were applied on the 
treatment of RPFE.

2.4.2. Settling test

The settling studies were conducted to test the settleabil-
ity of the flocs formed under optimized operating conditions. 
A litre of SPFE was taken in a volumetric cylinder (Fig. 4) and 
optimized volume of coagulant-eluate was added. A sequence 
of rapid mixing–slow mixing was performed then it was 
allowed to settle. The sludge bed height and the correspond-
ing sludge bed volume were marked with respect to time [21]. 

2.5. Performance analysis

The coagulation process was evaluated in terms of 
removal of colour and turbidity. All the parameters men-
tioned in Table 2 were measured using standard procedures. 
Colour was measured using SL218 double UV visible spec-
trophotometer (Elico, India) at λmax 612 nm for SPFE and 
at 252 nm for RPFE. Turbidity was measured using digital 
Nephelo-turbidity meter 132 (Elico, India) and expressed in 
nephelometric turbidity units (NTU). pH was adjusted using 
a digital pH meter MK VI (Elico, India).

3. Settling studies

Settling is a solid–liquid separation process based on the 
difference in the density. Settling is an important process in 
many of the wastewater treatment plants. It is the principal 
operation taking place in the primary settling tanks and the 
secondary settling tanks that are extensively used in the 

wastewater treatment plants. The purpose of settling is to 
remove coarse dispersed phase, coagulated and flocculated 
impurities, to settle the sludge and remove the suspended 
impurities. In order to study the settling mechanism of the 
particles, it is very important for us to understand the settle-
ability of the particles.

The settling behaviour of the particles depends upon the 
concentration and the flocculation tendency of the particles. 
Based on the above stated factors the settling behaviour is 
classified into five regimes, that is, discrete particle settling, 
flocculent particle settling, hindered settling, comprehensive 
settling and zone settling. Beyond a threshold concentration 
of the sludge, hindered settling takes place, each particle get 
hindered by the other particle and this results in interpar-
ticle forces which are sufficiently strong to drag each other 
particle along the same velocity irrespective of velocity, size 
and density. It is also called zone settling because they settle 
collectively as a zone [21]. 

3.1. The batch settling curve and hindered settling velocity

The recommended shape and size for batch settling tests 
are cylindrical measuring flasks of 1–2 L volume. In the 
Imhoff cones, due to the reducing cross-sectional area the 
formation of concentration gradient is inevitable. The settling 
of the flocs is influenced by a number of factors such as the 
composition of the activated sludge, floc size distributions, 
surface properties, rheology, etc. 

Batch settling curves can serve different purposes. It can 
be used quantitatively to determine the sludge settling tank 
(SST) capacity limit, for this the selection of an appropri-
ate settling reservoir to avoid wall effects during the test is 
imperative. The height of the suspension-liquid interface at 
regular time intervals is recorded [22].

4. Results and discussion

4.1. Characterization studies

4.1.1. Coagulant

4.1.1.1. SSP The potential of SSP is mainly attributed by 
the presence of the chemical functional groups present in it. 
Fourier transform infrared spectroscopic (FTIR) analysis was 
conducted to detect the distinct functional groups present in 
the natural coagulant. Several peaks were observed at 667, 
795, 1,073, 1,406, 1,644, 2,339 and 3,442 cm–1, respectively. The 
steep peak at 3,442 cm–1 is due to the OH stretching vibration 
of water and amine. Alkene and amide group presence was 
also confirmed by the bending vibration at 1,644 cm–1. The 
steep peak at 1,073 cm–1 indicated the –CO stretching vibra-
tion of ether groups. Thus, it reveals that SSP carries aliphatic 
grouping with ether linkages and amine groups. The wave-
length of the main bands obtained for the standard chitosan 
and eluate of SSP (Fig. 5) is listed in Table 3. The peaks at 
similar wavelength affirmed the presence of chitosan, a key 
coagulant component, in SSP [2].

4.1.1.2. Chitosan Standard chitosan used as a chemical 
coagulant in the study was also analyzed in FTIR. Peaks 
were observed at 479, 667, 787, 1,077, 1,384, 1,633, 2,339 and Fig. 4. Photograph of the batch settling column.
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3,441 cm–1, respectively. The spectra showed a broad absorp-
tion band at 3,000–3,500 cm–1 which can be attributed to the 
presence of OH stretching vibration and also amine stretch-
ing vibrations. The peak at 1,633, 1,384 and 1,077 cm–1 con-
firmed the presence of amide, nitro (N–O group) and C–O–C 
bond, respectively. Thus, the above results confirmed the 
presence of amine group in chitosan. 

4.1.2. Sludge

4.1.2.1. SSP The spectra of the sludge formed, after the 
treatment of SPFE using optimized conditions of SSP showed 
a wide spectrum at 3,000–3,700 cm–1 which can be attributed 
to the presence of OH stretching vibration and also amine 
stretching vibrations. The peak at 3,697.02 indicates free 
stretch of O–H and the peak at 3,454.421 showed hydro-
gen bonded O–H stretch and amine stretch. The C–O bond 
presence is evident from the peak at 1,032 cm–1. Strong alkyl 
halide (C–X) bonds were observed in the peaks between 500 
and 800 cm–1. In the case of SSP, peaks were observed at 667, 
795, 1,073, 1,406, 1,644, 2,339 and 3,442 cm–1, respectively. The 
steep peak at 3,442 cm–1 is due to the OH stretching vibration 
of water and amine. Alkene and amide group presence was 
also confirmed by the bending vibration at 1,644 cm–1. The 
steep peak at 1,073 cm–1 was due to –CO stretching vibration 
of ether groups (Fig. 6(a)). 

4.1.2.2. Chitosan In the case of sludge, produced 
after applying the chitosan, the peaks in the spectra above 
3,400 cm–1 showed the presence of O–H and N–H bonds. 
Peak at 3,695.05 cm–1 indicates free strong O–H stretch and 

3,442.66 cm–1 indicated hydrogen bonded O–H stretch and 
N–H stretch. Another peak was seen at 1,730.89 cm–1 indicated 
acyclic vibration stretch. The presence of alkene and amide 
group was confirmed by the peak at 1,643.57 cm–1. The peak 
at 1,453.6 cm–1 indicates variable –CH bending. The C–O bond 
presence was confirmed at 1,017.02 cm–1. The presence of alkyl 
halide groups (C–X) was confirmed in the peaks obtained 
between 500 and 800 cm–1. In case of chitosan, the peaks were 
seen at 479, 667, 787, 1,077, 1,384, 1,633, 2,339 and 3,441 cm–1, 
respectively. The spectra showed a broad absorption band at 
3,000–3,500 cm–1 which can be attributed to the presence of OH 
stretching vibration and also amine stretching vibrations. The 
1,633 cm–1 peak is attributed to the presence of amide group 
and the peak at 1,384 cm–1 is attributed to the presence of nitro 
(N–O group). The C–O–C bond presence is evident from the 
peak at 1,077 cm–1 (Fig. 6(b)). The scanning electron micro-
scopic (SEM) images of SSP and chitosan were given in Fig. 7.

4.2. Shrimp shell powder vs. simulated paint factory effluent 

4.2.1. Impact of eluent type and concentration

For choosing the eluent type and concentration, 3% 
(w/v) of SSP was mixed with different eluent such as dis-
tilled water, 3 N of NaCl and KCl. The prepared coagulant 
was added in a litre of SPFE. It was detected that the lowest 
removal efficiency with a value of 73.66% colour removal and 
13.06% turbidity removal for distilled water. The reason is 
the presence of high chitosan in the shrimp shell is insolu-
ble in water. The NaCl solution exhibited its highest removal 
efficiency as 97% (Fig. 8). 

SSP

Chitosan

Fig. 5. FTIR spectrum of SSP and chitosan.

Sludge

SSP

(a)

Chitosan

Sludge

(b)

Fig. 6. (a) FTIR spectrum of SSP and sludge treated using SSP. 
(b) FTIR spectrum of chitosan and sludge treated using chitosan.

Table 3
Wavelength of the main bands obtained for the SSP and standard 
chitosan 

Vibration modes SSP (cm–1) Chitosan (cm–1)

OH out of plane bending 666.9 666.9
CO stretching 1,072.8 1,077.2
N–O stretching 1,405.9 1,384.9
C=C stretching 1,643.7 1,633.4
CH stretching 2,339.2 2,338.8
OH stretching 3,442.2 3,439
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Further treatment was extended with 1–5 N of NaCl solu-
tion as an eluent. The trend showed the maximum colour and 
turbidity removal efficiency in the increasing order from 1 to 
3 N and it was decreasing after that. The viewed maximum 
removal efficiencies are 96.57% for colour and 96.92% of tur-
bidity at 3 N NaCl (Fig. 9).

The believed reason for this result is that 3 N NaCl might 
extract the maximum possible amount of chitosan from a 
known amount of SSP. It was also seen that since the NaCl has 
a higher degree of dissociation, it tends to extract more chi-
tosan and beyond 3 N it natures the active compounds. Allied 
outcome was highlighted in the extraction of chitosan from 
crab shells in the treatment of paint industry effluent [23]. 

4.2.2. Impact of shrimp shell powder dose

To treat a litre of SPFE, the used SSP dose was ranged 
from 1% to 5% (w/v) g (Fig. 10). The optimized value was 
viewed at 4% (w/v) g of SSP and the values were found out 
to be 87.28% for colour and 94.89% for turbidity. The removal 
efficiencies were increased with SSP dose till 4% (w/v) then 
it started declined due to the surface charge reversal of the 
excessive coagulant. Then, the colloidal destabilization 
occurred which does not favour the coagulation reaction. 
This result is in agreement with previous studies [12].

4.2.3. Impact of coagulant SSP-eluate volume

Various volumes (200–1,200 mL) of coagulant-eluate 
were applied on a litre of SPFE. 400 mL of coagulant-eluate 
proceeded well in colour removal (91.15%) as well as in tur-
bidity removal (92.51%). The removal efficiency shows a 
gradual decrease when the coagulant volume was increased 
from 60 to 120 mL (Fig. 11). The reason is that since chitosan 
is an amide derivative and the pH of the SPFE was found out 
to be 8.4–8.6, the amount of OH– ions in paint wastewater 

(a)

(b)

Fig. 7. SEM images of (a) SSP and (b) chitosan.
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is believed to be high. As the dosage volume is increased 
and since the paint concentration volume is constant, this 
shows the presence of high amount of amide group will not 
be neutralized by the fewer amounts of OH– ions present 
in the paint wastewater. Thus, coagulation would not take 
place [24].

4.2.4. Impact of initial pH of SPFE 

The actual initial pH of the SPFE was found out to be 
8.4–8.6. The initial pH of the paint wastewater is an import-
ant factor in the treatment. By adding the varying quantity 
of HCl and NaOH solutions, the initial pH of the SPFE was 
maintained in the acidic/basic region. The treatment was 
being experimented in the region between pH 5 and 11 (pH 
4 could not be done due to the formation of precipitate). 
The initial pH between 8 and 9 shows the maximum colour 
removal efficiency of 87.05% and turbidity removal efficiency 
up to 96.43% (Fig. 12).

It is most preferable and economical to treat the effluent 
at its own initial pH. Coincidental trend was marked in the 
treatment of olive mill effluent [25].

4.2.5. Impact of initial concentration of SPFE

Five different initial concentrations of SPFE were 
prepared (1,200, 1,350, 1,850, 2,200 and 2,700 mg/L) and were 
numbered as sample no. 1–5, respectively. The different initial 
concentration of SPFE was treated with the optimized value 
of the coagulant solution. Fig. 13 exhibited higher colour and 
turbidity removal for initial paint concentration of 1,200 mg/L 
at 93.67% and 95.65%, respectively. This is due to the fact that 
the lower initial concentration, the toxic pollutants enabled 
the coagulant to easily coagulate. Lower the initial concen-
tration more will be the ability of the coagulant to remove 
the pollutants efficiently. The output was contrasting with 
the results extracted in the treatment of paint effluent using 
S. potatorum as a natural coagulant [18].

4.3. Application on real paint factory effluent 

The optimized operating variables derived after the treat-
ment of SPFE was applied over a litre of RPFE (Fig. 14). The 
maximum removal efficiencies were 80.12% for colour and 
70.25% for turbidity. The optimized operating conditions and 
the obtained maximum removal efficiencies were tabulated 
(Tables 4 and 5).

70

80

90

100

0 10 20 30 40 50 60

R
em

ov
al

 ef
fie

ie
nc

y 
(%

)

SSP dose (g)

% Colour Removal
% Turbidity Removal

Fig. 10. Impact of coagulant SSP dose on removal efficiency. 
SPFE volume: 1 L; initial pH of SPFE (actual): 8.4–8.6; initial 
concentration of SPFE: 1,200 mg/L; coagulant: extragens = 10–50 g 
of SSP: 3 N NaCl; coagulant-eluate volume: 1 L.

80

85

90

95

100

0 20 40 60 80 100 120

R
em

ov
al

 ef
fic

ie
nc

y 
(%

)

SSP -eluate volume (mL)

Colour removal %
Turbidity removal %

Fig. 11. Impact of coagulant SSP-eluate volume on 
removal efficiency. SPFE volume: 1 L; initial pH of SPFE 
(actual): 8.4–8.6; initial concentration of SPFE: 1,200 mg/L; 
coagulant: extragens = 40 g of SSP: 3 N NaCl; coagulant-eluate 
volume: 200–1,200 mL.

0

20

40

60

80

100

120

4 5 6 7 8 9 10 11 12

R
em

ov
al

 ef
fic

ie
nc

y 
(%

)

Initial pH of SPFE 

Colour removal %

Turbidity removal %

Fig. 12. Impact of initial pH of SPFE on removal efficiency. SPFE 
volume: 1 L; initial pH of SPFE: 5–11; initial concentration of 
SPFE: 1,200 mg/L; coagulant: extragens = 40 g of SSP: 3 N NaCl; 
coagulant-eluate volume: 400 mL.

70.00

75.00

80.00

85.00

90.00

95.00

1000 1500 2000 2500 3000

R
em

ov
al

 ef
fic

ie
nc

y 
(%

)

Initial concentration of SPFE (mg/L) 

Colour removal %
Turbidity removal %

Fig. 13. Impact of initial concentration of SPFE on removal 
efficiency. SPFE volume: 1 L; initial pH of SPFE (actual): 8.2–8.6; 
initial concentration of SPFE: 1,200–2,700 mg/L; coagulant: 
extragens = 40 g of SSP: 3 N NaCl; coagulant-eluate volume: 
400 mL.



S. Vishali et al. / Desalination and Water Treatment 104 (2018) 111–120118

4.4. Impact of chitosan dose, volume, initial pH and initial 
concentration of SPFE on colour and turbidity removal

Chitosan stock solution was prepared with initial concen-
tration ranged between 100 and 500 mg/L. The best results 
were achieved for 600 mL of 500 mg/L initial concentration 
of chitosan stock solution. The results were 99.96% colour 
removal and 99.98% turbidity removal (Figs. 15(a) and (b)). 
As the volume gradually increased, removal efficiency in 
terms of colour and turbidity also showed a raise with the 
maximum being at 600 mL after which the trend showed 
a gradual decline. The probable reason for this behaviour 
could be the fact that at higher volumes overdosing and 
charge reversal must have taken effect.

The colour removal efficiency was found to be 99.95% 
and the turbidity removal was 98.40% at initial pH 9. The 
actual initial pH of SPFE also ranged as 8.4–8.6. The effluent 
could be treated with its own initial pH (Fig. 16).

The best results were observed for lower initial 
concentration sample such as 99.57% and 99.97% for colour 
and turbidity removal, respectively. The most probable rea-
son for this behaviour could be that increase in the initial 

concentration of pollutants decreased the removal efficiency 
for the fixed dose of chitosan (Fig. 17) [15]. 

4.5. Sludge settleability parameters

The batch test was performed in a column of 65 mm in 
diameter and 430 mm deep, and by gently stirring (1 rpm) the 
sample during settling. The volume of the sludge produced 
after a fixed settling span is the basis for the measurement of the 

(a)

(b)

Fig. 14. Photographs of (a) SPFE and (b) RPFE before and after 
treatment using SSP.

Table 4
Optimized values of operational parameters to treat a litre of SPFE

Coagulant Eluent and concentration Dose and eluate volume Initial pH (actual) Initial concentration (mg/L)

SSP 3 N NaCl 40 g, 400 mL 8.4–8.6 1,200
Chitosan 0.1 N HCl 5 g, 600 mL 8.4–8.6 1,200

Table 5
Comparison of the treatment efficiency of the natural coagulant 
under optimum conditions

Coagulants SPFE RPFE
Colour 
removal %

Turbidity 
removal %

Colour 
removal %

Turbidity 
removal %

SSP 93.67 81.77 80.12 70.25
Chitosan 99.99 94.89 – –
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Fig. 15. (a) Impact of chitosan volume on colour removal 
efficiency. (b) Impact of chitosan volume on turbidity removal 
efficiency. SPFE volume: 1 L; initial pH of SPFE (actual): 8.4–8.6; 
initial concentration of SPFE: 1,200 mg/L.
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sludge settleability parameters of the coagulant used. Among 
these, the sludge volume index (SVI) is the most known. It has 
been found to be influenced by the dimensions of the settling 
cylinder. These problems can be significantly reduced by con-
ducting the test under certain prescribed conditions. 

4.5.1. The sludge volume index 

The SVI is defined as the volume (mL) occupied by 1 g of 
sludge after 30 min settling in a 1 L unstirred cylinder. It is ratio 
between the volume of sludge formed at 30 min of settling and 
the total suspended solids. The sludge volume of the sample 
after 30 min (SV30) and final sludge volume (SVf) was observed 
for various initial concentrations, it showed the inclined trend 
(Fig. 18). Typical SVI values can be found between 50 (very 
good settleability) and 400 mL/g (poor settleability). The SVI 
results of the SSP were ranged as 62.3–88.6 mL/g (Fig. 19), 
which indicated sludge with good settling properties. The dry 
weight of the sludge was ranged from 32.78 to 38.08 g.

SVI
SV mL

L
g
L

mL
g

TSS

=





















30

X
,  (1)

4.5.2. Batch settling curve and the hindered settling velocity

From the batch settling results, the plot was made between 
the sludge bed heights over time for five different initial con-
centrations of SPFE (Fig. 20). The particles are settled, due to 
the equilibrium between the gravitational forces. If the column 
is kept unstirred, then the velocity at which the interface moves 
downward is called the hindered settling velocity VHS at the 
inlet SPFE concentration. By calculating the slopes of the lin-
ear part of the batch curves for different initial concentrations, 
the hindered settling velocity can be determined as a function 
of the solids concentration. It governs the determination of the 
limiting flux and thus the SSTs surface area. At higher concen-
trations, the settling particles will be increasingly hindered by 
surrounding particles, which slows down the VHS.

Mathematically, the relation between the sludge 
concentration and the zone settling velocity can be described 
by an exponential decaying function, Vesilind equation. 

V Vo
rV

HS
. TSS.e= −( ) ( )  (2)

where VHS is the hindered settling velocity of the sludge, 
cm/min; Vo is the maximum settling velocity, cm/min; TSS 
is the suspended solids concentration, g/L and rV is a model 
parameter. 

The observed hindered settling velocity from the batch 
settling curves was compared with VHS calculated from 
Vesilind model (Fig. 21). The maximum settling velocity (Vo) 
and model parameter (rV) are found to be 2.17 × 10–5 cm/min 
and 0.3350, respectively [21].
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Fig. 16. Impact of initial pH of SPFE on removal efficiency. 
SPFE volume: 1 L; chitosan concentration: 500 mg/L; chitosan 
stock solution volume: 600 mL; initial concentration of SPFE: 
1,200 mg/L.
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Fig. 17. Impact of initial concentration of SPFE on removal 
efficiency. SPFE volume: 1 L; chitosan concentration: 500 mg/L; 
chitosan stock solution volume: 600 mL; initial pH of SPFE 
(actual): 8.4–8.6.
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5. Conclusions

The results of the present study revealed the following 
conclusions.

The presence of chitosan in the, sea food processing waste, 
Fenneropenaeus indicus (shrimp) shell built it as an efficient 
coagulant in the treatment of SPFE. It was recommended to 
use 400 mL of SSP-eluate prepared using 40 g of coagulant 
and 3 N NaCl, to treat a litre of SPFE at its actual pH (8.2–8.6). 
The optimized conditions exhibited its better removal while 
applied on RPFE as well. The results were compared with the 
outcome of commercial chitosan.

The SVI results were ranged as, 62.3–88.6 mL/g, indicated 
the very good settle ability of the SSP. The hindered settling 
velocity of the formed sludge was in the declining trend with 
the increase in the initial COD of the effluent. The maximum 
velocity (Vo) was found as 2.17 × 10–5 cm/min. By and large, 
being a universally luxuriant solid waste, and conforming to 
the results, shrimp shells could be a fitting coagulant for the 
paint factory effluent treatment. Sea food waste management 
and effluent treatment could be extended equally.
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Fig. 20. Batch settling curves at different initial concentrations.
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