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Abstract: Chitosan; an organic biopolymer, a natural biodegradable material with high molecular weight was derived and
extracted locally from Indian prawn (Fenneropenaeus Indicus) through deacetylation process. Chitosan carries charges at
different pH levels, below pH 6.5 it carries strong cationic charges and above this pH strong anionic charges, therefore it
has strong affinity for ions because it comprises of sequenced amino groups (—-NH,) and hydroxyl groups (—-OH). In present
study, extracted chitosan was characterized by FTIR, SEM and EDS, the same was successfully applied for the treatment of
industrial waste water of ghee industry located in SITE area of Hyderabad (Sindh), Pakistan. The experimental conditions
such as; chitosan dosage, optimum pH and mixing times were examined for flocculation process. The chitosan showed
marked difference by successfully flocculated the negatively charged suspended particles, thereby reducing Chemical
Oxygen Demand (COD), Turbidity, Total Dissolved Solids (TDS) and Conductivity levels in industrial waste water. The
secondary parameter equally important determined was Dissolved Oxygen (DO) which is required to sustain aquatic life.
The experimental optimum conditions were obtained at 1% chitosan in 1M acetic acid, pH 4 and 5 minutes of mixing time at
1000 rpm and 25 minutes of settling time. The highest flocculation efficiency of chitosan observed under these conditions
was 80.1% COD removal, 91.8% Turbidity removal, 72.5% TDS removal and 73.7% reduction in conductivity. It is found to
absorb grease, toxic material, fats and oils. The main advantages of chitosan are; biodegradability, nontoxic in nature
having fast settling velocity, low dosage, high removal efficiency, being economical, and cost efficient.
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l. INTRODUCTION

Chitosan in the light of various authors shows versatility in properties whether Physico-Chemical or
Biological. They discussed various applications in fields of interest to human beings, i.e. Cosmetics, besides
pharmaceuticals, fields of ophthalmology, to biotechnology, agriculture, textiles and nutrition [8], [15], [23],
[27], [31], [37]. This biopolymer used as flocculant has fetched attention of researchers in the last decade for
treatment of water and waste water in order to remove or reduce dissolved and particulate matter. It is worth to
focus on development of chitosan-based biopolymers as useful coagulants and flocculants for water and waste
water treatments [6], [16], [28], [29], [38], [41]. Their coagulation and flocculation properties can be used to
remove particulate inorganic or organic suspensions, and also dissolved organic substances. Waste water from
industries continuously discharged into ravines and rivers of fresh water without or with little treatment. In the
year 2000, 1.1 billion persons remained without any access to improved drinking water [19]. According to
WHO (World Health Organization) statistics the contaminated water contributed directly to the annual 2.2
million diarrhea-related deaths [36], and the number of persons drinking water contaminated by human sewage
was much higher [34]. Therefore in the context of above discussion due to economic and political constraints,
the universal provision of piped treated water is not currently feasible, leaving millions without access to safe
drinking water [35]. Chitosan is pH dependent organic material in aqueous solutions therefore it has strong
affinity for ions. It is finding potential applications in removing heavy particles and many pathogens from
different solvents as well as agriculture and food industries [9], [21], [33]. After extraction of Chitosan from
Indian prawns the organic material was examined for characterization and the results obtained using different
techniques (FTIR, NMR Spectroscopy, X-ray scattering, sorption techniques) conducted commercially from the
labs of PCSIR- Karachi (Sindh), Pakistan, suggest that Chitosan has the same behavior as that of cellulose, with
characteristic features like, structure, hydrogen bonding, crystalline and polymorphic nature available in
literature [13], [14], [22]. Attempts are being made to use chitosan for treatment and purification of water with
elimination of the suspended solids from solvents for many decades [20], [26]. Chitosan acts to make bigger
flocs which can be settled in the bottom easily. During water treatment process it reduces COD levels in water
bodies as well [7]. It is fat absorber/fat inhibitor when it is spread over water surface. It absorbs the grease,
various toxic materials, fats and oils and heavy metals; resulting scum is formed over surface of the flowing
water, which can easily be discarded. It has a number of commercial and possible biomedical uses. The main
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advantage in water treatment is biodegradable [1], [11] nontoxic nature [17], [30]. Hence sludge needs easier
treatment. It is used for removing impurities like COD, TSS, having fast settling velocity, low dosage, high
removal efficiency, economical, and cost efficient [10], [12]. As large amounts of crustacean shells are directly
dumped or sent to land fill, but if chitosan were extracted from the shells then this would have provided extra
income to individuals as well as fish industry to overcome the economic crises and economic depression of
fishermen [5], [24].

1. PRESENT WORK
Attempts have been made to discover and extract organic flocculant polymer chitosan from locally
available natural resources Indian Prawns (Fenneropenaeus Indicus) as shown in Figure-1. With high tendency
of separation, safe and inert in the nature, easily degradable. After characterization the same was applied for
treatment of waste water samples collected from local ghee industry of Hyderabad (SITE area).

Fig.-1: Fenneropenaeus Indicus or Indian Prawn

1. MATERIALS AND METHODS
3.1 Sample Collection
A packet of 2 Kg full of frozen Indian prawns was obtained from the officials of Marine Fisheries Department
Pakistan, West Wharf Karachi (Sindh), Pakistan. Standard chitosan of MP Biomedical (Germany) for
comparison purposes was purchased from scientific store Lahore, Pakistan.

3.2 Extraction Process

The meat portion of the sample was separated by small surgical forceps and the shells (880 gm) were collected
and dried directly to sunlight for three days at the temperature of 40°C - 43°C. Then weighed accurately to
compute the moisture content and calculated as described in Eq.(1):

, Wet Sample — Dry Sample
% Moisture Content = Wet Sample X 100% (1)

This was found exactly 13.1 %. The remaining (86.9 %) dry shells of Indian prawns were crushed by grinding
and then passed through stationary sieve screen for obtaining the particles of mesh size of 100 um. The Indian
prawn sample of 100 um (78.3 %) was taken into the Erlenmeyer flask and was added 3% NaOH w/v. The solid
and solvent ratio was maintained at 1:30, the mixture was heated to 90°C for more than 2 hours, cooled to room
temperature and centrifuged with H-103N (Series Kokusan Ensinki Co. Ltd. Tokyo Japan), at 4000 rpm for 20
minutes. The two fractions thus formed were separated, the upper alkali soluble supernatant portion and alkali
insoluble lower precipitated part.

3.3 Deacetylation and Demineralization Process

The lower alkali insoluble precipitated part was collected in the flask and added 10 % Acetic acid glacial
(Merck) solution (twice in quantity) and was left for 24 hours with constant stirring on magnetic stirrer 78HW-1
(China). This step helped in demineralization of the sample. On next day the sample was adjusted to pH 9 with
the help of 4 M NaOH solution and put under reflux with condensers at 60°C for 6 hours with constant magnetic
stirring. The sample was cooled at normal room temperature and centrifuged again. The supernatant was
removed and the insoluble matter was first washed with double distilled water second time with absolute ethanol
(Merck) and third time with acetone (Merck) using sintered glass funnel. Then the sample was dried in air, and
then in laboratory desiccators for 48 hours. The sample appeared in lumps which were converted into uniform
crystalline form with glass rod bashing. The chitosan material recovery was evaluated and found 61 % of the
original amount of 78.3 % dried shells of 100 pm mesh size.

3.4 Chitosan Dose
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The 1 % chitosan material (from Indian prawns) was prepared in 100 ml of 1M acetic acid glacial (Merck) at pH
4 and left for 72 hours in 100 ml quickfit flask with stop cock. 1 % Standard chitosan of MP Biomedical
(Germany) was prepared in same way for comparison. In a test tube 10 ml Sample was added 1 ml chitosan
solution (1 % wi/v) as flocculant material added and subjected to stirring for 5 minutes then left for settling.

3.5 Laboratory Instruments
Following laboratory instruments were used.

Turbidity Meter (HACH Model 2100 P, USA) with complete Accessories.

Conductivity Meter (Thermo Orion Model 145, USA).

The pH Meter (Thermo Orion Model 420 A+, USA) with combined glass electrode.

COD Spectrometer: COD VARIO Lovibond SN-09/14076 (Germany) with Reactor ET-108
Lovibond.

e COD Method: Merck (Germany) COD Vials (Sample 2 mL and blank 2 mL)

o Low (0-150 mg/L)
o Medium (0-1500 mg/L)
o High (0-15000 mg/L)

e Dissolved Oxygen Meter, Model YSI Pro20, Cole-Parmer, (USA).

V. RESULTS AND DISCUSSION

The Indian prawn or white shrimp (Fenneropenaeus Indicus) of Arabian Sea belongs to the Phylum:
Arthropoda, Class: Crustacea, Order: Decapoda and Family: Penaeidae. Indian prawn is full of Chitin; the
second most abundant organic material after Cellulose, found in the exoskeleton of the Indian prawn. The
Amino-biopolymer Chitosan is a natural biodegradable linear polysaccharide type material which was derived
and extracted locally from chitin of Indian prawns by means of deacetylation and demineralization process
whereby the organic material became soluble in dilute acidic medium. The chitosan molecule comprises of
many amino groups (—-NH,) and hydroxyl groups (-OH) on molecular chain thereby providing several
properties to this organic compound as shown in Figure-2, that could be used for treatment and purification of
waste water.

CHs CHs
O=< OH O=<
NH NH
NH
OH O:< OH
CHjs

l Chitin-Deacetylase
CHs
OH O:<
NH, NH
HO o) Q _HO o L.
_---0 o HO O o Chitosan
NH,
OH OH

Fig.-2: Skeletal Structure of Chitin and Chitosan
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In present work, applications of chitosan are related with waste water treatment of local ghee industry.
Waste water was treated via flocculation to remove microscopic dust particles, dirt, and other airborne
substances that produced the cloudiness seen in waste water. These microscopic particles were small but they
affected water’s taste, appearance, and texture and could also cause illness. Chitosan as flocculant removed
contaminants and loose, airborne particles from waste water. Flocculation process was performed in the
laboratories of Chemical Engineering Department of MUET- Jamshoro, Pakistan. The process took several
minutes for completion. The setup is shown in Figure-3.

Fig.-3: Waste water treatment with Chitosan

The extracted chitosan was subjected to characterization by Nicolet AVATAR 330 FTIR with an
attenuated total reflectance (ATR) accessory, smart performer (Thermo Nicolet, Thermo Electron Corporation
USA) with Zn-Se probe. The FTIR spectrum of chitosan as shown in Figure-4 confirms the presence of —-O-H
and —N—H functional group stretching vibrations at 3430 cm™, —C—H stretching vibrations at 2924 cm™, -CH,—
and —CH; bending vibrations at 1259 and 1357 cm™ respectively, whereas —C—N stretching vibrations at 1320
cm™ and —C—O stretching vibrations at 1148 cm™ were observed.

k-] 000 800 a0t .ol wod

WA LB (1)
Fig.-4: FTIR Spectrum of Chitosan from Indian Prawn (Fenneropenaeus Indicus)

The newly extracted chitosan material was examined by scanning electron microscopy (SEM)
technique (JEOL 6490 LV — SEM by JAPAN). The facility was availed for characterization from Centre for
Pure and Applied Geology, University of Sindh, Jamshoro, Pakistan. The SEM micrograph as shown in Figure-
5 was taken at 12KV power with X80 zoom power. Under these conditions the chitosan polymeric material with
200 pm size showed the crystals elongated with nodes and angular shapes. The energy dispersive X-ray (EDS)
technique was applied using BRUKER (133 eV) Japan, apparatus coupled with SEM instrument. The X-rays
were penetrated through the electronic shells of the chitosan material and electrons were ejected from very first
shell (K-shell). On the basis of that the percent elements were quantified as shown in Table-1. The Carbon
content in chitosan was more than 51 %, Oxygen 41% and Nitrogen 5%.
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Fig.-5: SEM Micrograph of prepared Chitosan

Table-1. EDS Analysis of prepared Chitosan by BRUKER (133eV) Japan.

Spectrum: Acquisition Chitosan

Element Series C Atom. [At.%]
Carbon K-series 51.17

Oxygen K-series 41.61
Nitrogen K-series 05.22

In present work, experimental studies were carried out on optimum dosage of Chitosan, maintenance of
optimum experimental pH values, allowed mixing and settling times with respect to waste water samples of
Ghee Industries of SITE area of Hyderabad (Sindh). Figure-6 shows the location of Ghee Industries of SITE
area Hyderabad (Sindh). The investigated experiments were aimed to ascertain the capacity of Chitosan during
flocculation systems. Since the waste water discharge from ghee industry always contains higher levels of
Chemical Oxygen Demand (COD) therefore it is marked as the capacity indicator for Chitosan intake. The other
supporting parameters are Conductivity, TDS and Turbidity with minor or secondary parameters; Biochemical
Oxygen Demand (BOD) and Dissolved Oxygen (DO) during the experimental studies [25], [39], [40].
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Fig.-6: Location of Ghee Industries of SITE area Hyderabad (Sindh)

4.1 Optimum Dosage of Chitosan

Normally insufficient or overdosing of Chitosan ends in poor performance of waste water treatment. Therefore,
in the treatment of waste water of ghee industry the optimum dose was obtained at pH 4, with 500 rpm swirling
for 5 minutes and 100 rpm swirling for 20 minutes and 25 minutes of settling time. Chitosan dose ranged from
0.25% to 2.0%. Also the waste water sample of ghee industry was adjusted from the initial alkaline pH to pH 4.
It has been reported that amino (NH;) groups as functional groups are protonated up to 90 % on chitosan surface
at pH 4 and reduced to 50% at pH 6 [2]. The pH was controlled with addition of small quantities of strong acid
(HCI) or strong base (NaOH). The effect of chitosan on waste water samples of ghee industry dictates the
chitosan dosage for treatment of COD, Turbidity, TDS and Conductivity levels. The optimum dosage of
chitosan studied for above with eight solutions ranged from 0.25%, 0.50%, 0.75%, 1.0%, 1.25%, 1.50%, 1.75%
and 2.0% solutions. The solution from 0.25% to 1.0% reduction was observed in waste water samples of ghee
industry as shown in Figure-7.

Fig.-7: Experimental work on Chitosan Dosage against variable pH values
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The solution which gave maximum response against all parameters was 1 % chitosan solution at pH 4. The
waste water of ghee industries although claimed treated and discharged into canal as clean and safe for fields
still contained lots of chemicals which need further industrial treatment. The important parameter COD (mg/L)
found in waste water ghee samples of the area contained 1934 measured by COD VARIO Lovibond
SN-09/14076 (Germany) with Reactor ET-108 Lovibond, against NEQS permissible limits for waste water
(<1000) was treated with chitosan under newly set optimum conditions and promising reduction in COD was
achieved (383) that amounts 80.1% removal efficiency. Turbidity (NTU) of the sample found 69 measured with
Turbidity Meter (HACH Model 2100 P, USA), crossed NEQS permissible limit (<5) after subjecting to chitosan
the value reduced to 5.6 with removal efficiency of 91.8 %. The two parameters TDS (mg/L) found 3108 and
Conductivity (uS/cm) found 1987 entail absorption of chemicals in waste water were measured by Thermo
Orion Conductivity Meter (Model 145, USA), therefore reduction in such parameters was achieved to a certain
extent although the values were within range of NEQS permissible limits (TDS <3500 and Conductivity <2500).
The secondary parameter Dissolved Oxygen (DO) was measured with YSI Pro20 Dissolved Oxygen Meter,
USA, found 6.95 mg/L which is within range. The detailed description is shown in Table-2.

Table-2: Effect of Chitosan on Waste Water of Ghee Samples (SITE, Hyderabad)

Permissible Waste water Chitosan Treated

Sr.#. Parameters NEQS Limits Ghee Industry Waste Water % Reduction
1 COD (mg/L) <1000 1934 383 80.1
2 DO (mg/L) 9.5 6.95
3 TDS (mg/L) < 3500 3108 852 725
4 Conductivity (uS/cm) < 2500 1987 521 73.7
5 Turbidity (NTU) <5 69 5.6 91.8

The phenomenon of improvement in reduction of COD, Turbidity, TDS and Conductivity using chitosan was
due to increased charge density of chitosan with respect to other polymeric materials [4].

4.2 Optimum pH Value

The pH value is very useful parameter which affects the surface charge of waste water solutions in terms of
stability of suspensions. In present work the optimum pH was examined with chitosan dosage of 1.0% at 500
rpm swirling for 5 minute and 100 rpm swirling for 20 minutes and 25 minutes of settling time from 2-10 pH.
The optimum pH value where marked reductions in COD, Turbidity, TDS and Conductivity levels were
observed falls in acidic medium at pH 4 to pH 5. Because in acidic pH range the solubility of chitosan increases
[2]. In present work the optimum pH value for treatment of waste water samples from ghee industry was
observed at pH 4 because the increased surface positive charge of amino groups of chitosan (cationic
polyelectrolyte) reacted with anionic waste water ghee samples and making of rapid flocs was observed at that
pH value which settled easily on mild shaking (coagulating process for anionic substances present in ghee
samples via ionic or hydrogen bonding). The reduction with 1% chitosan of parameters COD up to 80.1%,
Turbidity up to 91.8%, TDS up to 72.5% and Conductivity up to 73.7%, in acidic pH was observed. It is a
common understanding that solubility decreases as the pH of chitosan solution is increased towards the basic
region because it becomes insoluble in alkaline pH [18], [32].

4.3 Optimum Mixing Time

The above parameters discussed provide sufficient information regarding flocs formation in case of required
dosage while other one regarding growth in flocculation process i.e pH. It is equally important to discuss the
optimum mixing time regarding chitosan a polymeric flocculant, requires complete dispersion, adsorption and
charge neutralization in a medium of colloidal solution. It is for this reason that study was conducted to ascertain
the parameter regarding mixing time. During the studies it was observed that mixing rate and time affects the
flocculation process. Longer mixing times yielded flocs breakage while shorter mixing times were insufficient
to produce flocs in waste water ghee samples. During present work the optimum mixing time was examined
with respect to [3], chitosan dosage of 1.0% at 500 rpm swirling for 5 minute, 250 rpm for 10 minutes and 100
rpm swirling for 20 minutes and 25 minutes time for settling at pH 4. With these mixing times the waste water
samples from ghee industry were treated and reduction in values of COD up to 80.1%, Turbidity up to 91.8%,
TDS up to 72.5% and Conductivity up to 73.7% were achieved. The above strategy of mixing times with
encouraging reduction in values suggests the optimum mixing time of 20 minutes.
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V. CONCLUSION

A new organic polymeric flocculant chitosan extracted locally from Indian prawns (Fenneropenaeus
Indicus); was characterized by means of FTIR, TGA and further scanned with SEM and EDS for confirmation
of presence of amino (—-NH,) and hydroxyl (—OH) groups on skeletal chain. The extracted chitosan as flocculant
was subjected to waste water samples of ghee industries located in SITE area of Hyderabad (Sindh). The
promising removal and reductions for COD up to 80.1%, Turbidity up to 91.8%, TDS up to 72.5% and
Conductivity up to 73.7% is a good sign that the same may become useful water purifier systems if the
industrial effluents first compulsorily be treated with 1% chitosan solution at pH 4, purified and then be
discharged into canals and ravines.
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