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ABSTRACT

The aim of the present study was to develop new flocculating agentsin the
form of beads and to check their capability for water clarification. To this
end mucilage wasisolated from three different plant speciesi.e., Portulaca
oleracea L. (aerial parts), Hibiscus rosa-sinensis L. (leaves), Aloe
barbadensisMiller (leaves). Mucilage-sodium a ginate beadswere prepared
by entrapment method. Jar test experiments were conducted separately
with 6-60mg/L doserange of mucilage powder and 150-1500mg/L doserange
of beadsthat contained 6-60mg/l of entrapped mucilage using water samples
with turbidity 35 and 450 (NTU). Beadswere used for 3 repeated cyclesto
check the effectiveness in turbidity removal. Portulaca and Aloe beads
were found to be more effectivein water clarification when compared with
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that of Hibiscus rosa-sinensis.

INTRODUCTION

Water clarification andfiltration areimportant teps
inthetreatment of sourcewater for drinking and indus-
tria applications. To meet the requirementsof potable
andindustria water, theimmediate need iswater clari-
fication. Reductionin turbidity of water isnothing but
theclarity. Turbidity isameasureof cloudinessof water
whichisdueto the presence of suspended or colloidal
particles. Although turbidity itself isnot amgor health
concern, high turbidity caninterferewith disinfection
process and provideamedium for microbial growth.
Thisisthereasonwhy turbidity isoneof themainwater
quality parameter that will be measured duringthewa:
ter treetment andisavery useful tool to assessthedrink-
ingwater qudity, ingeneral andinmonitoringthepublic
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water delivery systems. World Health Organization
(WHO) has set the standard turbidity vauefor drink-
ing water as5 Nephelometric Turbidity Units(NTU)
andindustrial water as10 NTUM.

Turbidity inraw water suppliesisremoved by vari-
ous methodsto makewater suitablefor domestic pur-
poses and most industria requirements. Theparticles
with higher density than water should ultimately settle
duetogravitationa force. Small particleswith density
closeto water such asbacteriaand colloidal particles
maly not settle and remain suspended in water. There-
fore, collecting tiny particlestogether into amass of
large size particle makesthem settlemorerapidly, and
itisanecessary step for their remova by sedimenta-
tion (HDR Engineering, Handbook of Public Water
System, 2001). Turbidity removal can bedoneby co-


mailto:sakunthala@iict.res.in

ESAIJ, 7(6) 2012

S.Sakunthala Madhavendra et al.

agulation, flocculation, sedimentation and filtrationt3.
Coagulation isthe process of destabilization by charge
neutralization thiscan be accomplished throughthead-
dition of inorganic sats. Ontheother hand flocculation
isthe process of forming agglomerates of small par-
ticlesto settleinthesolution.

Clarification of water using coagul ating agentshas
been practiced fromancient times. Aluminium sulphate
(Alum), ferric chloride (FeCl 5, FErrous sulphate
(FeSo,.7H.0) Polyal uminium chloride*® and organic
synthetic polymeric coagulant aids”® arethemost ex-
tensively used coagulantsin water turbidity removal.
Severd studiesreported that high gradesof Aluminium
in water are associated with the occurrence of the
Alzheimer’s disease!®9. Themonomersof somesyn-
thetic polymerson the other hand are mostly non-bio-
degradable, highly expensive and may betoxic{t12,
For this reason many researchers have explored the
use of plant-based substances as flocculants, e.g.
Moringaoleiferal**¥, Opuntia species™®, Coccinia
indical*®, Okra, Fenugreek®” and seeds of Red
Sorreld®®, Nirmalil*¥ as aternativesto synthetic co-
agulants.

Mucilagesare glutinous, trans uscent amorphous
substances and they are the polymers of monosaccha
ridesor mixed monosaccharidesand many of them are
combinedwith uronicacids.

Inthe present study Hibiscusrosa-sinensisLinn.
(Leaves), Aloe barbadensis Miller. (Leaves) and
Portulaca oleraceaelLinn. (Aerid parts) were selected
for theisolation of mucilageand to evaluate their appli-
cationinwater turbidity removal. Hibiscusisagenus
of flowering plants in the mallow family, Malvaceae.
Aloeveraisaso known asthe truealoe or medicinal
aloe, isasucculent plant, belongs to the family Liliaceae,
Portulaca oleracea (Common Purslane, Pigweed,
LittleHogweed, or Pusley), is an annual succulent in
thefamily Portul acaceae. M ucilage of Hibiscus Rosa-
sinensis contains L rhamnose, D galactose, D
galactouronicacid, and D glucuronicacid. Mucilage of
both Hibiscus and Aloe |eaves were found for their
applications as sustai ned releasing agentsin drug for-
mulationg?*?4, Themajor composition of aloege con-
sistsof amucilage of polysaccharide substances. Most
of these polysaccharides are glucomannans, mannans,
or pectins having arange of molecular weights. The
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major carbohydrate fraction isolated from aloe gel,
“acemannan”, consists of a polydispersed d-1, 4-linked
acetylated mannan interspersed with O-acetyl
groups?. Aloe hasfound wide applicationsintradi-
tional medicing?*?% and cosmeti c?® system of India.
Portulacaoleraceaisan ediblevegetableplant andits
mucilage hasacomplex arabinogd actan structuresmi-
lar to Gum Arabic and contains d-galactose:l-
arabinose:d-gal acturoni cacid:d-xylose:|-rhamnose at
ratio of 40:20:5:1:31 and it has been known for its
mucoadhesive properties?’2,

Theobjectiveof present study wasto develop mu-
cilage-aginate beads using sodium alginate (binding
agent) and cacium chlorideto enhancethe stability and
Investigate the effectiveness of devel oped beadswith
that of un-entrapped mucilagein water clarification.
Sodium alginateisthe sodium salt of alginic acid de-
rived from green algae. It doesnot dissolvein water,
but it absorbswater. Itsunique property istoformgels
when combined with divalent ionslikecalcium. This
reactioniswidely used in most of theindustriesto sta-
bilize many substances. The mucilage of three plants
wereparticularly used dueto their viscousnature, which
will bethesuitable property for adsorption of suspended
particlesinturbid water.

The coagulationtest resultsobtained by beadswere
compared with the resultsthat obtained by combina
tion of widely used coagulantsi.e., Alum and Srych-
nos potatorumLinn. (Nirmali) seeds.

MATERIALSAND METHODS

All the three plants were collected from in and
around Hyderabad, India. Sodium alginate, calcium
chloride and Kaolin clay were purchased from Sigma
Aldrich Chemicds, India. Systronic Digital Nephelo-
turbidity meter 132 was used for turbidity measure-
ment.

I solation of mucilage

Mucilage was isolated by the method described
by(29,

The fresh leaves of plants were collected and
washed with water. The leaves were crushed and

soaked inwater for 5-6 h, boiled for 30 min and left to
stand for 1 hto alow completerelease of themucilage
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into thewater. The mucilagewasextracted usngamulti
layer mudlin cloth bag to removethe marcfromthe so-
|ution. Acetoneof threetimesthevolumeof filtratewas
added to precipitate the mucilage. The mucilagewas
separated, dried in an oven at 35°C, collected,
grounded, passed through a# 80 sieveand stored ina
desiccator at 50 °C till use.

I mmobilization of mucilage

Immobilization of mucilageinto cacium alginate
beadswas carried out at 0.5, 1, 2, 3 and 4% concen-
trations according to the modified method?=,

Different concentrations of sodium aginatewere
used to optimize the concentration. 50ml of 0.5, 1.0,
2.0, 3.0and 4.0 % solutions of sodium alginate were
prepared by dissolving 0.25gm, 0.5gm, 1.0gm, 1.5gm,
2.0 gm of sodium aginatein 50ml of distilled water
under stirring. 50ml of 0.5, 1.0, 2.0, 3.0 and 4.0% so-
lutions of mucilagewere a so prepared by dissolving
0.25, 0.5gm, 1.0gm, 1.5gm, 2.0gm of mucilage pow-
der in50ml of distilled water under stirring. Prepared
sodium alginate sol utions were mixed with an equal
volume of mucilage sol ution to get thefinal concentra-
tion of sodium alginate 0.25, 0.5, 1.0, 1.5, 2.0% re-
spectively. Different concentrationsof sodium alginate
mixed with mucilage sol ution were added separately
from aheight of nearly 1-2cm into excess of CaCl,
solution. For 10ml of sodium al ginate-mucilage mix-
ture, 100ml of CaCl, solutionwasrequired. Theformed
beads were |eft to harden for 2h in the same CaCl,
solution. Thebeadswerewashed with Tris- buffer (7.5
P, 0.05M) to removetheloosdly bound mucilageand
allowed to dry the beads at room temperature.

Preparation of syntheticturbid water

Kaolin clay synthetic turbid water wasused in jar
test experiments.

Turbid water for coagulation testswasprepared by
adding 10 gm of kaolinto 1L of tap water. The suspen-
sonwasdgtirredfor 1 htoachieveuniform dispersion of
kaolinpartides, andthenit wasdlowed toremainfor 24
hrsfor complete hydration of theparticles. Thissuspen-
sonwasused asthe stock solution. Turbid water of re-
quired NTU was prepared by dilution of stock suspen-
sontothedesired volumeusngtapwater just beforethe
coagulationtest. 35 and 450 NTU solutionswere pre-
pared representing low and high rangesof turbidity.
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Jar test experiments

Experimentswere carried out with dried mucilage
powdersaswell asimmobilized beadsat various con-
centrations according to the method*®. 500 ml of
aliquotsof turbidwater in 1L beakerswereplacedona
magnetic stirrer. Mixing wasstarted at 100 RPM . After
addition of requisitedoses of coagulant, themixing was
continued for 1 min to ensure proper dispersion of co-
agulant inwater. The stirring wascontinued for 9 minat
aspeed of 40 RPM. At theend of themixing period,
the beakers were removed and the contents were al -
lowedto settlefor 1 h. 30 ml of settled water sample
waswithdrawnfor turbidity measurements.

Severa batcheswererunwith varying concentra-
tionsof coagulants. 6 mg/l, 12 mg/l, 20 mg/I concentra-
tionsof un-entrapped mucilage and 150 mg/I, 300 mg/
I, 500 mg/l concentrations of dry aswell aswet muci-
lage beads of above three plants were used for low
water turbidity range (35 NTU). Inhighwater turbidity
(450NTU) experiments20 mg/l, 40 mg/l, 60 mg/l dos-
ages of un-entrapped mucilage, 500 mg/l, 1000 mg/l,
and 1500 mg/l dosages of mucilage beadswere used.
The optimum concentrations chosen based on highest
observableefficiency. Experimentswered so conducted
with blank calcium dginate beadsto ascertain their role
inturbidity remova. All the studieswere conducted in
triplicate.

STATISTICS

Statistica datawasanadyzed using Statistica para-
metric method (t-test). All the P-valueswere verified at
0.05significant levels. Micro ca Origin 6.0 software
was used for dataandysis.

RESULTSAND DISCUSSION

Mucilage-aginate beads prepared from 0.25, 0.5,
1.0% mixtureweremorefragileandthey lost their sta-
bility under stirring. Beads prepared from 1.5% mix-
turewere partly stableand beads prepared from 2.0%
mudlage-sodium aginatemixturewerequitestableeven
under agitation condition.

Inlow water turbidity experiments, residud turbidi-
tieswent on decreasing by increas ng the coagulant dose
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initialy upto 12mg/l beyond that concentration % de-
creaseinturbidity levelswasreduced incaseof all the
three plants(Figures1 & 2). Treatment with adose of
12 mg/l of dry mucilage powder reduced theturbidity
t05.4NTU (84.5% turbidity removal) and 5.5 NTU
(84.2% turbidity removal) with Portulaca and Aloe
respectively, whereasit was 7.2 NTU (79.4% turbidity
removal) with Hibiscusmucilage. Theresultsobtained
by 300 mg/l dose of dry and wet mucilage beadswere
also inthe samerange of NTU that was obtained by
dry mucilage powder. Theturbidity without using co-
agulant that isby ssimplegravitational forcewasfound
tobe12 NTU and the percentageremovd of turbidity
was 65.7%. Thiswasfar beyond the turbidity value
obtained by Hibiscus mucilage, whichwasfoundto be
leadt effectiveinturbidity remova amongthethreeplants.

S.E(0.18559)

S.E(0.08819)

E(0.11547)
SE(0.05774)
S E(0.20817)

(*) P<0.01 at 0.05 significant level
(**) p<0.03 at 0.05 significant level

Residual turbidity (NTU)
o - N w s o o o~ @

Concentration of mucilage powder in mg/L
Figurel: Water clarification by mucilagepowder of three
plantsinlow turbid (35 NTU) Water in 1h.
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Aloe-vera
Hibiscus

7! *SE(0.1453)

(*) p<0.01 at 0.05 significant level
(**) p<0.02 at 0.05 significant level

* SE(0.11547)

i * SE(0.1453)
0.11547
SE(0.12019)

Residual Turbidity(NTU)
o
1

<l d
100 200 300 400 500
Concentration dry mucilage beads in mg/L

Figure2: Water clarification by mucilage-alginatebeadsin
low turbid (35 NTU) water in 1h.

In high water turbidity experiments, residual tur-
bi ditieswent on decreasi ng by increasing the coagul ant
doseasinlow water turbidity experiments. Turbidity
remova wasfoundto beeffectivewhenhighturbid weater
wastested (Figures3 & 4). Treatment with 40 mg/I of
dry mucilage powder and 1¢/l of dry mucilage beads
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reduced theturbidity to 13.5NTU (97%turbidity re-
moval) with Portulaca and Al oe respectively, whereas
itwas22.5NTU (95% turbidity remova) with Hibis-
cus mucilage. Theturbidity wasreducedto 42 NTU
without using coagulant and the percentageremovad of
turbidity was 90.6%. Thisisa so far beyond theturbid-
ity value obtained by Hibiscusmucilage. Turbidity val-
ues obtained by using Aloe and Portulacamucilagein
different formswerefound to be comparablewith that
of Nirmali seeds; Hibiscuswasnot aseffective asthe
other two plants.

7777 Portulaca
5 Aloevera
550 Hibiscus

+ S.E(0.08819)

%3+ S.E(0.11547)
$.E(0.08819)

a

4 (¥)P<0.01 at 0.05 significant level
4 (7)P<0.02 at 0.05 significant level

N
]
+$.E(0.11547)
+ 5.E(0.08319)
774)

%

S.E(0.08819)
* S.E(0.06774)

-

Residual turbidity(NTU)
>

0 20 40 60
Concentration of mucilage powder in mg/L

Figure3: Water clarification by mucilage powder in high
turbid (450 NTU) water in 1 h.
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4 SE(0.12019)
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B Hibiscus

P<0.01 at 0.5 significant level

M
!

¥ SE(0.20817)

SE(0.24037)

%

Residual Turbidity (NTU)

Concer;trat\on of dry mucilage beads in mg/L
Figure4: Water clarification by mucilage-alginate beadsin
high turbid (450 NTU) water in1h.

During thecoagulation, there could bean unavoid-
ableinteraction between the particles of different szes,
andformlarger particleswhich fal faster than smaller
onesand asotend to collidefurther and combinewith
other smaller particlestill the coagul ation processends.
Mucilage particles accumul ate this process by the
bridging mechanism. Themechanism of coagulation
and flocculation could be explained by charge neu-
tralization and bridging mechanism. Mucilageisamix-
ture of polysaccharideswith high molecular weights.
Theincreasein molecular weight of flocculant favours
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the bridging relative to charge neutralization mecha-
nism. Bridging ismay be dueto mucilage hydrophilic
character, severd hydrogen bonds areformed between
polyel ectrolyte and water molecules®¥. Thisassocia
tion tendsto occupy larger surface areacausing its
very highviscosity, whichinturnisthe characteristic
featureto form agglomerates.

Optimum dosageof coagulants

Wet beads of 2% and 3% sol utionswere used for
trid batch but theturbidity remova wasvery low, due
totheir fragile nature, they broke down during the co-
agulation processand formed high dudgewhich could
not be settled by coagulation processand further con-
tributed toan increasein turbidity level. Experiments
with 4% mucilage solution yiel ded satisfactory results.

Theoptimum doseof coagulantsintheform of mu-
cilage powder and mucil age beads required werefound
to be 12mg/l and 300 mg/| respectively for all the spe-
ciesstudied to obtain maximum turbidity removal for
low turbid water (35 NTU). Residual turbidity levels
for water treated with Hibiscuswerein therangeof 7-
8 NTU and the percentage remova was 77-80%.
Wheress, in case of Portulaca and Aloetheresidual
turbid level after treetment wereintherangeof 4.5-5.5
NTU and the percentage removal was84-87% respec-
tively. Blank beadsreduced theturbidity level t0 9.5
NTU and the percentage removal of turbidity was
72.8%. Thesevalueswerefar below that of Hibiscus
which showed minimum efficiency. Percentageremova
of turbidity in high turbid waters (450 NTU) was 95%
in the case of Hibiscus, 97% in the case of Aloeand
Portulaca and the optimum dosage hasbeen found to
be40mg/l (mucilage powder), 1000mg/l (intheform of
beads). Filtration of so clarified water through
Whatmann No.1 filter paper produced avery clear fil-
trate of lessthan oneunit turbidity, whichisintherange
of WHO standard limits of drinking water. However,
thetreatment with blank beads showed 94.6% turbid-
ity removal andtheresidud turbidity wasfound to be
24 NTU and the efficiency/added advantage of the
mucilage of Hibiscuswasdismal and in caseof Aloe
and Portulacait washigh.Mucilage-alginate beads used
inthe coagul ation testswere based on equivalent con-
centration range of mucilage, that wasentrappedinto
calcium a ginate beads and results obtained were al -
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most similar to that of un-entrapped mucilage. In gen-
era, any immobilized substance never shows 100%
activity when comparetoitsactual form, but hereusing
sodium aginatefor entrapment was an added advan-
tage becauseof itsflocculating property. Thisisevident
from the experiments conducted with blank beads. Itis
one of thereasonsto show 100% efficiency. Similar
observationswere made by Singh et a®3. When agi-
nate-mucilage mixtureis coordinated to sodium, itisa
very flexiblechain. When sodium isreplaced by cal-
cium however, each calcium ion coordinatesto OH
group of one alginate chain and one polysaccharide
chain of mucilageand linking themtogether. Theflex-
ible chains becomelessflexible and form ahuge net-
work —a gel. All this happens within seconds after the
aginate-mucilage mixtureisdripped into thewater bath
withthecaciumions.

Theoptimal dose of each coagulant variesaccord-
ingtotheinitia turbidity of water. It was observed that
by increasing the concentration of coagul ant, turbidity
removal alsoincreasedinitially, but after attaining the
optimum dosagelevd it showsno remarkabledecrease
inturbidity. Severa studiesreported that up to particu-
lar dosageflocculation increasesand beyond that floc-
culation diminishes®34, Thiscould beexplained by the
fact that, thehigher dose of flocculent would createthe
steric hindranceamong the agglomeratesto disturb the
stling of particles.

Repeated useand capability

Inorder to check out theeffectivenessin repetitive
cyclesthe recovered mucilage-alginate beads were
washed with distilled water and used for threerepesated

Portulaca
Aloevera

B Hibiscus

% Turbidity removal

cycle 2 cycle 3
Number of repeated cycles

Figure5: Percentageturbidity removal in low turbid (35
NTU) water by recycled beadsin 3repeated cyclesat their
optimum dosage (12mg/l).

cycle 1
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Portulaca
Aloevera
Hibiscus

%Turbidity removal

Number of repeated cycles
Figure6: Percentagetur bidity removal in high turbid (450
NTU) water by recycled beadsin 3repeated cyclesat their
optimum dosage (20mg/l).

cycles. Themeasured activitieswere samefor first two
cycles. But the effectiveness decreased dightly inthe
34 cycle (figure 5 and 6). This may be due to that,
some particlesremain attached on to the beadswhich
causean accumul ation of more suspended matter onto
the beads. Sothat therewill beno free spaceto bridge
with colloida particlesthat are suspended in water.

CONCLUSIONS

Thisstudy demonstrated the potential of encapsu-
lated mucilage-aginate beadsto act aswater clarifica
tion agent’s alternative to the most widely used syn-
thetic coagulants. Overal study concludesthat muci-
lage-alginate beads have essentially improved stability
and comptibility of mucilage.
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