ISSN: 0973-4929, Vol. 20, No. (1) 2025, Pg. 77-89

Current World Environment

www.cwejournal.org

CURRENT
WORLD

ENVIRONMENT

Prospects of Low-cost Chitosan as an Eco-friendly and
Economic Water Purification Method

HARITMA CHOPRA', DRUSHTI SABLE? ANNU KUMARI?, ANAMIKA SHARMA?,
RISHIKA MAJI?, PREENA CHAHAR? RAKHI GUPTA? and ARCHANA AGGARWALZ?*

'Department of Chemistry, Maitreyi College, University of Delhi, New Delhi, India.
2Department of Zoology, Maitreyi College, University of Delhi, New Delhi, India.

Abstract !
Water, an essential resource for the survival of living organisms, is deteriorated
by increased anthropogenic interference and a lack of policies to sustain

water resources. Consumption of polluted water, especially by the younger
population, is a major concern as it leads to increased mortality rates due
to water-borne infections. It is thus indispensable to explore methods for
removing impurities, making the water suitable for drinking/domestic usage.
The U.S. Environment Protection Agency (EPA) has authorised Chitosan
for drinking water purification. The present study was conducted to analyse
water quality and evaluate the efficacy of a low-cost Chitosan in ameliorating
the harmful effects of samples collected from Delhi. Dose (8 mg/L, 20 mg/L)
and time (0 h, 1 h, 2 h, 4 h, and 24 h) kinetic studies were conducted to
purify water with Chitosan. It was found that water is suitable for domestic
purposes as there were significant changes in various chemical parameters
(TDS, Total Hardness, Chloride, and Sulphate ion) after treatment with the
Chitosan. Although the improvement was not up to the acceptable range
of drinking water as WHO, desired results can be obtained by further
standardising various other doses and duration of treatment to attain drinking
water quality. In countries like India, where most of the population belongs to
low socioeconomic status, the affordability of a water purifier for everyone is
a concern. Therefore, it becomes imperative that a low-cost, affordable, and
adequate water purification media is available to the general public. Chitosan
used for the current study was used alone and procured at a low price, thus
increasing affordability for the low-income class public.
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Introduction

Water serves as a vital solvent crucial for the
survival and existence of life on Earth; however, this
essential resource has been contaminated by human
interference and has a greater risk to health and
general well-being. There is continuous scarcity and
decline in potable water quality, leading to greater
health risks to the younger population, including
water-borne infections."

According to the UN 2019 World Water Development
Report, there is a 20-30 % increase in demand for
water for industrial and domestic purposes.? Thus,
it is imperative to conserve water resources and
develop more eco-friendly and economical water
purification strategies. Multiple water treatment/
purification methods have been studied using
organic/inorganic polymers with efficient flocculating
properties, but most are synthetic and non-
biodegradable.?

Therefore, it is crucial to search for an incubation
medium that is natural, non-toxic, biodegradable,
biocompatible and readily available.

Chitosan is a naturally occurring biopolymer derived
from the exoskeletons of marine crustaceans,
such as crabs, prawns, lobsters, shrimps etc. This
substance is a byproduct of seafood processing
and is generated in significant quantities in coastal
regions.

Chitosan exhibits a combination of properties
required for water purification and has been
used to remove organic pollutants, heavy metals,
bacteria etc.* Unlike most of the naturally occurring
polysaccharides (cellulose, starch, alginate), having
anionic or neutral charge, acid-soluble, Chitosan
is polycationic and can neutralise several ionic
impurities like arsenic, molybdenum, cadmium, lead,
copper, zinc, nickel and cobalt.>® Furthermore, as a
coagulant, Chitosan has been reported to remove algal
turbidity and turbidity from seawater and microbial
harvesting in the laboratory.'®'2 A recent study
also suggested that modified Chitosan flocculants
exhibited high purification efficiency in treating oil
spilt water in a wide pH range.™

Chitosan and Chitosan palm membranes have
demonstrated superior effectiveness in wastewater

treatment compared to other commercially available
membranes and expensive activated carbon.
Furthermore, utilizing a natural coagulant such as
Chitosan results in significant reductions in chemical
usage and sludge management.’ Chitosan has
proven to be an efficient coagulant for the treatment
of tap water, with research indicating its capability
to remove both particulate and dissolved solids."®"”
However, it is less efficient for dissolved organic
carbon when incubated alone with water.'® This
study aims to assess water quality and evaluate
the performance of low-cost Chitosan as a more
economical and dependable method for water
purification in comparison to traditional techniques.

Materials and Methods

Sample Collection

Samples were collected from Geeta Colony, Delhi
(Sample 1- RO wastewater), (Sample 2- Tap water)
in pre-labelled 1 L polyethylene sampling bottles
with no air trapped. Sampling bottles were rinsed
in advance with the water sample intended for
collection, and the water was permitted to flow
for several minutes at the collection source prior
to filling the bottles. Three sets of water samples
from each of the water sources were collected. The
sample bottles were then brought to the laboratory
and treated with different Chitosan concentrations
to check their effectiveness.

Chemicals

All the general chemicals and reagents used were
of AR grade unless otherwise specified. Chitosan
was procured from Merck. The Chitosan used had
a Deacetylation Degree of a minimum of 90 % and
viscosity of 150-500 mPa.

Preparation of Stock Solution of Chitosan

10 mL of 0.1 M HCI was added in 100 mg Chitosan
with continuous stirring and incubation was done for
1 hour at room temperature (RT). The stock solution
of 1 mg/mL was prepared by adding distilled water to
achieve a final volume of 100 mL. The stock solution
was further used to obtain desired concentrations
for dose kinetics.

Physicochemical Analysis

Both the water samples were assessed for the water
quality parameters, following classical laboratory
methods and standard titrimetric procedures
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(Potentiometric titration with silver nitrate for Chloride;
EDTA titrimetric method for total hardness).” The
colorimetric method was used for sulphate. All the
parameters were tested in triplicates from each
sample. Hardness was calculated using the Total
hardness test kit (range: 5-100, 25-500 mg/L as
CaCO,; Power Max Engineers).

Dose and Time Kinetic Study

Dose and time kinetics study was conducted with
both the samples. 500 mL water samples (1 and 2)
were incubated with various doses (8 mg/L, 20 mg/L)
of Chitosan in pre-labelled conical flasks at room
temperature. An aliquot of 100 mL water sample
was collected from the treated samples at 0 h, 1 h,
2 h, 4 h and 24 h, respectively, for physio-chemical
analysis at room temperature.

Statistical Analysis

All experiments were conducted on three separate
occasions, and each figure presented the outcomes
of three independent experiments that yielded
comparable results. Statistical analysis was
performed utilizing a two-tailed Student’s t-fest, with
results deemed statistically significant at p < 0.05.

Results

Contaminants in water pose significant challenges to
water treatment processes and the environment. The
present study focused on using low-cost Chitosan
as an efficient way of removing impurities from water
samples taken from a selected site of Delhi.
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Fig. 1: Analysis of TDS level in water samples before and after chitosan incubation.
(A) Sample 1- RO waste water from Geeta colony. (B) Sample 2- Tap water from Geeta colony.
(* P<0.05, ** P<0.01, ***P<0.001)
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Table 1: Analysis of TDS level in water samples before and after chitosan

incubation (* P<0.05, ** P<0.01, ***P<0.001).
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Sample 1 (RO Waste Water from Geeta Colony)

Concentration of Duration of TDS Value p Value
Chitosan (mg/L) Incubation (h) (ppm)
0 (Control) 0 20500
1 2046.67+5.77 0.42
2 2046.67+5.77 0.42
4 2046.67+5.77 0.42
24 2046.67+5.77 0.42
8 0 2050+0
1 2030+34.64 0.42
2 2030+34.64 0.42
4 2030+34.64 0.42
24 2030+34.64 0.42
20 0 2050+0
1 2000+17.32* 0.04
2 2000+17.32* 0.04
4 1996.67+11.55* 0.02
24 h 1986.67+5.77** 0.3 X102
Sample 2 (Tap Water from Geeta Colony)
Concentration of Duration of TDS Value p Value
Chitosan (mg/L) Incubation (h) (ppm)
0 (Control) 0 196010
1 1956.67+5.77 0.42
2 1956.67+5.77 0.42
4 1956.67+5.77 0.42
24 1956.67+5.77 0.42
8 0 196010
1 1783.3315.77** 0.4 X103
2 1783.33+5.77** 0.4 X10°
4 1776.67+5.77*** 0.3X10°
24 1776.67+5.77*** 0.3X10°
20 0 196010
1 1776.67+5.77*** 0.3X10°
2 1776.67+5.77*** 0.3X10°
4 1756.67+5.77** 0.3X10°
24 1756.67+5.77** 0.3X10°

Analysis of TDS Level

It was analysed that before treatment, both the
samples had very high TDS levels (sample 1 -2050+0
mg/L and sample 2-1960+0 mg/L), almost four times

the permissible range as given by WHO; i.e. 500
mg/L. With an increase in Chitosan dose and the
incubation time, a decrease in TDS was observed

in both samples.
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The values for TDS were 1986.67+5.77 mg/L (p<0.01)
and 1756.67+5.77 mg/L (p<0.001) with 20 mg/L
after 24 h of incubation in sample 1 and sample 2
respectively (Figure 1A, 1B; Table 1). Although the
changes observed in the TDS value were statistically
significant for both samples, the downregulation was
not as per the permissible range of drinking water.

Analysis of Hardness Level

Before treatment, both the samples had hardness
above the permissible range. The hardness
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levels in both the samples were observed to be
1483.33+28.87 mg/L and 1016.67+28.87 mg/L,
making them very hard and unsuitable for drinking. In
sample 1, the hardness decreased to 583.33+28.87
mg/L (p<0.001), and in sample 2, the hardness
decreased to 500+0 mg/L (p<0.01) after incubation
with 20 mg/L dose of Chitosan for 1 hour (Figure 2A,
2B; Table 2). Therefore, a considerable decrease
was observed in hardness levels of both the samples
but are still not suitable for drinking.
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Fig. 2: Analysis of hardness level in water samples before and after chitosan incubation.
(A) Sample 1- RO waste water from Geeta colony. (B) Sample 2- Tap water from Geeta colony.
(* P<0.05, ** P<0.01, ***P<0.001)
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Table 2: Analysis of hardness level in water samples before and after chitosan

incubation (* P<0.05, ** P<0.01, ***P<0.001).

Sample 1 (RO Waste Water from Geeta Colony)

Concentration of
Chitosan (mg/L)

Duration of
Incubation (h)

Hardness Value p Value
(mglL)

0 (Control) 0 1483.33+28.87
1 1483.33+28.87 1
2 1483.33+28.87 1
4 1483.33+28.87 1
24 1483.33+28.87 1
8 0 1483.33+28.87
1 766.67+28.87*** 0.7 X10°
2 766.67+28.87*** 0.7 X10°
4 766.67+28.87*** 0.7 X10°
24 766.67+28.87*** 0.7 X10°
20 0 1483.33+28.87
1 583.33+28.87*** 0.3X10°
2 583.33+28.87*** 0.3X10°
4 583.33+28.87*** 0.3X10°
24 583.33+28.87*** 0.3X10°
Sample 2 (Tap Water from Geeta Colony)
Concentration of Duration of Hardness Value p Value
Chitosan (mg/L) Incubation (h) (mg/L)
0 (Control) 0 1016. 67+28.87
1 1016. 67+28.87 1
2 1016. 67+28.87 1
4 1016. 67+28.87 1
24 1016. 67+28.87 1
8 0 1016. 67+28.87
1 933. 33+28.87* 0.02
2 933. 33+28.87* 0.02
4 550+86.60** 0.7 X 102
24 550+86.60** 0.7 X 102
20 0 1016.67+28.87
1 500+0** 0.1 X102
2 500+0** 0.1 X102
4 500+0** 0.1 X102
24 500+0** 0.1 X102

Analysis of Chloride level

The chloride levels were almost double the
permissible range of chloride for drinking water
before treatment with Chitosan for both the samples

(sample 1-561.29+27.07 mg/L and sample 2-543.27+
6.21 mg/L), thus making them highly corrosive. In
sample 1, significant changes were observed
after treatment with a 20 mg/L dose of Chitosan



387.45+23.16 mg/L (p<0.01) after 24 h of incubation.
In sample 2, after treatment with Chitosan (20 mg/L
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dose), the chloride concentration decreased to
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Fig. 3: Analysis of chloride level in water samples before and after chitosan incubation.
(A) Sample 1- RO waste water from Geeta colony. (B) Sample 2- Tap water from Geeta colony.

(* P<0.05, ** P<0.01, ***P<0.001)
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431.31+£10.23 mg/L (p<0.001) after 4 h of incubation
(Figure 3A, 3B;
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Table 3: Analysis of chloride ion concentration in water samples before and after
chitosan Incubation (* P<0.05, ** P<0.01, ***P<0.001).

Sample 1 (RO Waste Water from Geeta Colony)

Concentration of
Chitosan (mg/L)

Duration of
Incubation (h)

Chloride lon p Value
Concentration (mg/L)

0 (Control) 0 561.29+27.07
1 561.29+27.07 1
2 561.29+27.07 1
4 561.29+27.07 1
24 561.29+27.07 1
8 0 561.29+27.07
1 531.75+0 0.20
2 507.07+21.39 0.06
4 455.14421.67** 0.7 X 102
24 416.54+20.90** 0.2 X102
20 0 561.29+27.07
1 502.21+20.47* 0.04
2 485.331+9.58* 0.03
4 392.51+26.26** 0.1 X 102
24 387.45+23.16** 0.1 X 102
Sample 2 (Tap Water from Geeta Colony)
Concentration of Duration of Chloride lon p Value
Chitosan (mg/L) Incubation (h) Concentration (mg/L)
0 (Control) 0 543.27+6.21
1 543.27+6.21 1
2 543.27+6.21 1
4 543.27+6.21 1
24 543. 27+6.21 1
8 0 543. 27+6.21
1 516.68+20.38 0.14
2 508.51+16.76 0.06
4 463.51+20.39* 0.02
24 454 64+11.52** 0.1 X 102
20 0 543.27+6.21
1 502.21+10.23** 0.73 X102
2 500.24+6.82** 0.13 X 102
4 431.31£10.23*** 0.3 X103
24 431.31£10.23*** 0.3 X103

Analysis of Sulphate Level

In untreated samples, sulphate levels were found
to be relatively low, although they exceeded the
permissible limits, which may result in an unpleasant

taste and laxative effects.? Prior to incubation with
Chitosan, the sulphate concentrations measured
were 422.53+0 mg/L for sample 1 and 380.28+0
mg/L for sample 2. Chitosan treatment resulted in a
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decrease in sulphate ion concentration in both the
samples though the difference was observed to be
relatively low. The sulphate concentration in sample
1 was 396.71+4.07 mg/L (p<0.01), after incubation

with 20 mg/L dose of Chitosan for 24 h, while in
sample 2, the concentration of sulphate declined to
337.67+14.44 mg/L (p<0.05) after 24 h of incubation
at 8 mg/L dose of Chitosan (Figure 4A, 4B; Table 4).
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Fig. 4: Analysis of sulphate level in water samples before and after chitosan incubation.
(A) Sample 1- RO waste water from Geeta colony (B) Sample 2- Tap water from Geeta colony
(* P<0.05, ** P<0.01)
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Table 4: Analysis of sulphate ion concentration in water samples before and after
chitosan Incubation (* P<0.05, ** P<0.01, ***P<0.001).

Sample 1 (RO Waste Water from Geeta Colony)

Concentration of Duration of Sulphate lon p Value
Chitosan (mg/L) Incubation (h) Concentration (mg/L)
0 (Control) 0 422.53+0
1 421.01£2.63 0.42
2 421.01£2. 63 0.42
4 421.01£2. 63 0.42
24 421.01£2. 63 0.42
8 0 422.53+0
1 417.84+8.13 0.42
2 415.49+12.20 0.42
4 408.45+24.39 0.42
24 399.06+21.51 0.20
20 0 422.53+0
1 408.45+14.09 0.23
2 403.82+8.19 0.06
4 401.41£7.04* 0.04
24 396.71+4.07* 0.8 X 102
Sample 2 (Tap Water from Geeta Colony)
Concentration of Duration of Sulphate lon p Value
Chitosan (mg/L) Incubation (h) Concentration (mg/L)
0 (Control) 0 380.2810
1 380.28+14.09 1
2 380. 28+14.09 1
4 380. 28+14.09 1
24 380. 28+14.09 1
8 0 380.28+0
1 377.93+4.07 0.42
2 376.7616.10 0.42
4 375.5818.14 0.42
24 370.89+16.26 0.42
20 0 380.28+0
1 369.71+3.52* 0.03
2 369.71+3.52* 0.03
4 368.54+4.07* 0.03
24 337.67+14.44* 0.03
Discussion poverty line. This approach offers a more economical

The utilization of low-cost Chitosan, a biodegradable
and biocompatible polymer, for its water purification
capabilities is crucial, particularly in India, where a
significant portion of the population lives below the

alternative to traditional water treatment methods.

Water quality parameters serve as critical indicators
for assessing the appropriateness and safety of
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water for diverse applications. Some of the key
parameters include total dissolved solids (TDS),
water hardness, chloride ions, and sulphate ions.
The samples that were collected for the present
study were highly unsuitable for drinking purposes,
with all the parameters crossing the guidelines as
proposed by WHO, 2011.

Total Dissolved Solids (TDS) consists of inorganic
minerals such as calcium, magnesium, potassium,
and sodium, along with trace amounts of organic
substances. This parameter is crucial for evaluating
the potability of water, as specific concentration of
these ions is necessary for safe drinking water.
However, water with elevated TDS levels often
lacks aesthetic qualities, particularly in terms of taste
and odor. Additionally, high TDS water may have
a laxative effect, potentially leading to negative
reactions in individuals sensitive to this condition.?'
Though elevated TDS levels are not life-threatening,
but they may pose risks for those with pre-existing
kidney and heart conditions.?? In the present study,
Chitosan was found to be more effective at 20 mg/L
concentration than 8 mg/L. The effectiveness of
Chitosan was observed by its purification efficiency
for various parameters. There was a 3.09 % and
10.37 % decline in TDS level after treatment with
Chitosan in samples 1 and 2, respectively.

Water hardness is a general indicator of water
quality and represents compounds of calcium
and magnesium dissolved in water and in some
cases other divalent and trivalent metal elements.
According to WHO guidelines (2011), water with a
concentration of less than 60 mg/L is categorized as
soft; concentrations ranging from 60 to 120 mg/L are
deemed moderately hard; those between 120 and
180 mg/L are classified as hard; and water exceeding
180 mg/L is considered very hard. Moderately hard
water adds to the dietary calcium and magnesium,
thus having health benefits. However, water with
hardness above 200 mg/L is unacceptable for
drinking and domestic purposes.?® The incubation
process involving chitosan resulted in a reduction
of hardness by 60.67% for sample 1 and 50.82%
for sample 2, which is very satisfactory.

Chloride ions occur naturally in both surface and
groundwater sources. It increases the electrical
conductivity of water and thus increases its

corrosivity. According to WHO guidelines (2011),
the permissible limit for chloride concentrations in
public drinking water is set at a maximum of 250
mg/L.2* However, chloride levels may be higher in
drinking water due to water treatment with chlorine
as a cleaner and may cause salty taste & skin
irritation. Congestive heart failure or hypertension
is not solely caused by an excess of chloride, but
rather by the metabolism of sodium chloride.?* The
treatment of chitosan led to a purification efficiency
of 30.97% for sample 1 and 20.61% for sample 2 at
a concentration of 20 mg/L over an incubation period
of 24 h for chloride ion concentration. Sulphate
can originate from natural sources or result from
discharges from municipal or industrial activities.
At typical concentrations, sulphates are not deemed
toxic. However, elevated levels of sulphate can
impart a bitter or medicinal flavor to water and
may cause laxative effects, potentially leading to
dehydration due to diarrhea.?®> The World Health
Organization (WHO) guidelines of 2011 stipulate
that a maximum concentration of 250 mg/L
of sulphate in drinking water is acceptable.?* The
concentration of sulphate ions decreased by 6.67%
in sample 1, whereas sample 2 experienced a decline
of 11.20% when water samples were co-incubated
with chitosan at a concentration of 20 mg/L for 24 h.
Chitosan was found to be an effective coagulating
and flocculating agent for drinking water treatment.
There was a significant decrease in all the four
physicochemical parameters, namely TDS, Total
Hardness, Chloride and Sulphate ions.

The purification efficiency of Chitosan in the present
study represents a significant improvement in the
water quality of RO wastewater (sample 1) with
Chitosan. Thus, RO wastewater can potentially
be used for domestic purposes, initially highly
unsuitable, with high TDS and Hardness. It is an
effective contribution to the purification of wastewater
and water conservation.

Conclusion

Further standardization of Chitosan concentrations
may help in successful water purification for drinking
purposes. For better purification, more parameters
can be tested with further standardization of Chitosan
doses and biological analysis of the water samples.
Additionally, a larger sample size is necessary to
ensure broader public applicability. Even low-cost
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Chitosan alone has proven to be a water purifier, and
in lower concentration, it is a more affordable system
of water purification for the population belonging to
the low socio-economic community. A suitable, cost-
effective, easily accessible and economical water
purifying kit can be prepared for the low-income
class public.
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