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ABSTRACT

Surface water pollution in and around the Dhaka city, especially the waters
of the peripheral rivers has been threatening the supply of potable water to
the city dwellers. The pollution problem was found stringent during dry
season. During dry season there was increasing trends of turbidity from
2006 to 2010 in Buriganga River. Dry season average turbidity level of
BurigangaRiver wasfound 119 NTU. Traditional coagulantsand coagulant
aid, likealumand polyacryl amidewere not sufficient to treat highly polluted
water. A conventional jar test apparatus was employed for the tests. Seed
powder of Lathyrus sativus and Pisum sativum were used as natural coagu-
lantsand alum as synthetic coagulant in this study. Seed powder of Lathyrus
sativus and Pisum sativum were also used separately with suspension of
alum as coagulant aid for reduction of turbidity and to lower the dose of
alum and polyacryl amide (PAA) was used as chemical coagulant aid in this
study to reduce turbidity. The tests were carried out, using artificial turbid
water to represent wide range of turbid water. Seed powder of L. sativusand
P. sativum could effectively replace synthetic coagulant aid polyacryl amide.
Using these natural coagulant aids, suitable, aternative and environment
friendly options for water treatment would be achieved.
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INTRODUCTION

Morethan 80% of peoplein Bangladeshlack clean,
safewater because most household andindustrid wastes
are dumped directly prior any treatment into natural
water bodies such asrivers, pondsand canas, which
threaten the supply of safedrinking water, posesevere
public healthand rgpid increaseinthewater bornedis-

eases¥. People of the capital city depend on the sup-
ply of drinking water and sanitation servicesprovided
by Dhaka Water Supply and Sewerage Authority
(DWASA). With therapid urbani zation and migration
fromrura areasthereisatremendous|oad on water
consumptioninthecity!?. Eighty four percent of the
total supply of DWASA comesfrom ground level. At
present, DWASA is dependent more on the surface
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water than the ground water dueto over extraction and
insufficient infiltration of ground water®. For surface
water thecitizen of Dhakacity ismainly dependent on
peripheral riversnamely Buriganga, Turag, Balu and
Sitalakhya Thewater condition of the surfacewater of
Dhakaregion hasbecome highly polluted duetoindis-
criminate discharge of untreated waste from tannery,
textileand other industries, municipa wasteinto water
bodies, poor drainagesystem, populationincreasingand
urban encroachment, river bank erosion. During dry
season, thewater level of the peripherd riversof Dhaka
decreased toan darming level that makesthepollution
in concentrated condition which makesit untreatable
condition. Commonly used chemica sarefor various
treatment unitsare synthetic organic andinorganic sub-
stances. Inmost of the casestheseare expensivesince
it require higher dose and do not show cost effective
and many of the chemicalsarea so associated with hu-
mean hedlth and environmental problemg*9.

Natura organic polymershavebeenusedinindia,
Africaand Chinaaseffective coagulantsand coagulant
aidsat highwater turbidities. They may be produced
from plants seeds, leaves and roots”. These natural
organic polymersareinteresting because comparative
to the use of synthetic organic polymers containing
acrylamidemonomers, no human health danger andthe
cost of these natural coagulantswould beless expen-
siveover tothe conventional chemicalslikesinceitis
locally availablemost rurd communitiesof Bangladesh.
A number of effective coagulantsfrom plant origin have
beenidentified, such asNirmali®, Okra®, red bean,
sugar and red maize® Moringa oleiferal*¥, Cactus
latifera and seed powder of Prosopsi julifloral*?.

Theobjectivesof the present study wereto reduce
thelevd of turbidity fromwater using locdly available
natural coagulant and coagulant aids and to find out
natural coagulant aidsalternativeto synthetic polymer.

MATERIALSAND METHODS

Preparationsof coagulant and coagulant aid stock
solutions
Stock solution of alum

Theaduminum sulphate (dum) [Al, (SO4).18H,0]
used in thisstudy was supplied by DhakaWater Sup-

ply and SewerageAuthority (DWASA), Bangladesh.
A 1% solution of dlum (1 gof lumin99 ml water) in
tap water was made. Then therequired concentrations
were used asdifferent coagulant dosages.

Sock solution of poly acryl amide (PAA)

Poly acryl amide (PAA) wasused inthisstudy was
also supplied by DhakaWater Supply and Sewerage
Authority (DWASA), Bangladesh. A 1% sol ution of
PAA (1 g of PAA in 99 ml water) in tap water was
made. Thentherequired concentrationswere used for
different dosagesas coagulant aids.

Sock solution of pulse(dal)

Locally available pulse namely, Lathyrussativus
(local namekhesari), and Pisumsativum (local name
anchor or boot) were selected for the study. Powder of
Lathyrussativusand Pisumsativumwere bought from
local market of Dhakacity. Thentheexperimentsusing
these pulseswere carried out in two ways. Onewas
the direct use of the seed powder at different concen-
trationsfor different turbidity. Fresh solutionswere pre-
pared daily and kept refrigerated to prevent any ageing
effects (such aschangein pH, viscosity and coagula
tion activity). Solutionswere shaken vigorously before
use.

Prepar ation of syntheticwater

Synthetic turbid water for the jar tests was pre-
pared by adding clay materialsto tap water. About 30
gof theclay materia swasadded to 1 liter of tap water.
The suspensionwasstirred for about 1 hour to achieve
auniformdispersion of clay particles. Thenit wasal-
lowed to settlefor at least 24 hoursfor complete hy-
dration of the clay materials. The suspension of syn-
thetic turbid water was added to the sample water to
achievetherequired turbidity just before coagulation.

Jar test operations

A Completely Randomized Design was used for
thisexperiment. Thetreatmentsgiven werethevarying
concentrations of alum, pul se seeds and the control.
Each treatment conducted ontheresponseof turbidity.
Theexperiment wascarried out in ajar test operations
(Figure 1). A conventional jar test apparatuswas used
intheexperimentsto coagul ate sampleof synthetic tur-
bid water and river water by using some coagulants
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and coagulant aids. It was carried out asabatch test,
accommodating aseries of six beakerstogether with
six-spindle sted paddles. Besides, the samplewater
wasadjusted fromtheinitial pH by addingacid or base.
Before operating thejar test the sample were mixed
homogenoudy. Then, the samplesought to bemeasured
for turbidity. Sometimesthe concentrationswere kept
congtant asameansof control concentration and some-
timestherewerereplicaof concentrationto understand
the errors. Thewhole proceduresin thejar test were
conducted in different rotating speed. After thedesired
amount of coagul ants was added to the suspensions,
the beakerswere agitated at various mixingtimeand
gpeed, which consist of rapid mixing (200-250 rotation
per minute, rpm) for 1-3 minutesand dow mixing (30-
40 rpm) for 12-15 minutes. After the agitation being
stopped, the suspensionswered lowed to settlefor 20-
30 minutes. Finally, asamplewaswithdrawn using a
pipettefrom themiddle of supernatant for turbidity. All
testswereperformed at an ambient temperatureinthe
rangeof 26- 32°C and for different turbid ranges-higher
(90-120) NTU, medium (40-50) NTU and lower (25-
35) NTU. Intheexperiment, the study was conducted
by varying afew experimenta parameters, whichwere
coagulant dosage, mixing timein order to study their
effect infloccul ation and obtai n the optimum condition
for each parameter.

Filtration

For thisstudy finetissue or soft cotton cloth were
used asfiltrating agent.

Figurel: Jar test operationsfor high turbid water

—=== Pyl Pepaer
M easur ement of turbidity

Turbidity isoneof theimportant aesthetic proper-
tiesof potablewater anditisaso very useful in defin-
ing drinking water qudity. Turbidity wasmeasured by
using turbidity meter (Model-2100 P, HACH, USA).
Theamount of light anglesby theturbidity particlesis
determined, asadetermination of theturbidity inthe
sample and finally expressed as Nephel emetric Tur-
bidity Units(NTUSs). InaTurbidity meter, the sample
wasfilledinto asamplecell and put into the cell hol der
for measurement.

RESULTSAND DISCUSSION

Changing pattern of turbidity in burigangariver
during 2006to 2010

Trend of turbidity level inthewater of Buriganga
River during dry season of different yearsis presented
inFigure2. It wasfound from the Figurethat the tur-
bidity level wasincreasing gradually from 2006 to 2010.
Theaveragevaueof turbidity inthedry season (March-
May) of 2006 was 78.3 NTU, whereas it was 119
NTU in 201012, If thistrend continuestheturbidity
level will touch around 170.5 NTU up to the 2015.
Similar increasing trend of turbidity during dry season
near Hazaribagh, Swarighat and Chandnighat point of
Burigangariver was also observed*. The study re-
ved ed that, the higher value of turbidity in water was
dueto addition of suspended silt and clay partidesaong
with organic matter. The sourcesof organicand micro-
bia pollutants present in the water were a so respon-
siblefor higher turbidity and inaddition, the presence
of streamer and engine boats used for conveying com-
mercial raw materialswere partially responsiblefor
higher turbidity. River bank erosion, sedimentation and
interaction of industrid effluentswereasorespongble
for importing turbiditiesmaterial s during the dry sea-
son. Ontheother hand, during rainy season, theriver
water getsdiluted and the parti cul ate matters respon-
siblefor turbid water flow. Theincreasing concernis
being voiced for turbidity reduction of the peripheral
riversof Dhakacity hasincited growing awareness of
the need for more effective, easier, cheaper and envi-
ronment friendly.
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Average value of torhidity in dry season
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Figure 2 : Gradual increase of turbidity'in the water of
Burigangariver duringdry season.

Reduction of turbidity using seed powder of natu-
ral coagulants

For higher turbid water astudy using 1% solution
of pulse seed powder (Lathyrus sativus and Pisum
sativum) and 1% solution of alum were also used as
coagul ating agents. Turbidity was measured after co-
agulation-floccul ation and after filtration. TABLE 1
showstheresultsof different dosesof adum, Lathyrus
sativus and Pisum sativum for the turbidity of 95.6
NTU injar test. 20, 30 and 40 mg/l dosewereusedin
threebeakersfor study for all coagulants. For 20 mg/I
dose, turbidity reduced to 8, 8.9, and 10.8 NTU for
alum, Lathyrus sativus and Pisum sativum respec-
tively. After filtration, itwas1.7,2.1and 25NTU re-
spectively. For 30 mg/l dose, turbidity reduced to 6,
6.7and 9.4 NTU for alum, Lathyrussativusand Pisum
sativum respectively. After filtration, it was 1.4, 1.5
and 2.2 NTU respectively. And for 40 mg/l dose, tur-
bidity reducedto 7, 6.6 and 11 NTU for alum, Lathyrus
sativus and Pisum sativum respectively. After filtra-
tion,itwas 1.5, 1.5and 2.5 NTU respectively. Hence
among thenatura coagulants, Lathyrussativusshowed
anexcellent performancefor turbidity reduction.

InFigure 3 and 4 results of using Lathyrussativus
for high and medium turbid water are presented. It was
found from Figures that seed powder of Lathyrus
sativuswaseffectivefor thereduction of tubidity. After
filtrationitsall resultscomplieswith the Bangladesh
Drinking Water Standard™® and drinking water stan-
dard by*™, Useof these natural coagulantspowder will
be easy, handy, cheap and available. Soit might bean

excellent optionfor water clarificationinremoteareas
and for household water treatment.

TABLE 1: A comparativeresult of tur bidity reduction using
different coagulantsafter dosing and filtration

Raw Turbidity after Turbidity after

Dose water dosing (NTU) filtration (NTU)

(mg/l) turbidity Alum L. P. L. P.
(NTU) sativus sativum sativus sativum

20 95.6 8 8.9 108 17 21 25

30 95.6 6 6.7 9.4 1.4 15 2.2

40 95.6 7 6.6 11 1.5 15 25

O Raw water turbidity (NTU) M Turbidity after dosing (NTU)

W Turbidity after filtration (NTU)

150 o5

105 105

Turbidity (NTU})

20 30 40 50 a0 70

Dose of Lathyrus sativis powder (mg/l)

Figure 3: Reduction of turbidity using powder of Lathyrus
sativus (for higher turbid water).
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Figure 4 : Turbidity reduction using powder of Lathyrus
sativusfor mediumturbid water.

Use of natural coagulants as coagulant aids for
the reduction of turbidity as means of chemical
coagulant dosereduction

Polyacryl amide (PAA) isavery well known co-
agulant aidslargely used in water treatment applica
tions. Itisusedtoclarify highly turbid water. Usng pulse
(Lathyrussativus) in combinationwith aummight do
thesamejob asPAA done. A comparativeresult using
Lathyrus sativus seed powder and PAA in combina-
tionwithaumarerepresented inthe TABLE 2 and 3.
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Theraw water washighly turbid (214 NTU). Alumin-
dividualy reduced turbidity for different dosesare pre-
sented in TABLE 2. Inits40 mg/l dose, itsturbidity
reduction capacity wasfound good. Thus40 mg/l dose
of aumwaskept as control dosefor adumto show the
effectsof coagulant aids. After using 40 mg/l of dum
and 5-15 mg/l of PAA and Lathyrus sativus powder,
theturbidity wasfound significantly lower thandumcan
individually reduce (TABLE 3). And theresult of tur-
bidity after dosing with dum and Lathyrus sativuswas
lower than the PAA and alum. So, Lathyrus sativus
powder might beused asnatural coagulant aidsfor water
clarification purpose. Previous study!*” showed that,
extract of Moringa oleifera seed could respectively
removeturbiditiesof 98, 97, 89 and 55 percent in op-
timum concentration 10-30 (mg/l) and the optimum con-
centration of 20-30 mg/l with the optimum pH of 8.
Another study using chitosan (anatural coagulant) as

TABLE 2: Reduction of turbidity usngalumfor higher tur-
bid water

Raw Alum Turbidity
Jar No. _V\{ater dose (mgl) _ after
turbidity (NTU) dosing (NTU)

Jar 1 214 30 12

Jar 2 214 40 11.5
Jar 3 214 50 114
Jar 4 214 60 10.7
Jar 5 214 70 104
Jar 6 214 80 10.9

TABLE 3: Reduction of tur bidity usngalumwith Polyacryl
amide(PAA) and powder of Lathyrussativusfor higher turbid
water

Raw  Alum Lg‘t’ﬁer‘js Dose Turbidity
Jar Water Dose sati\);us of after
No. turbidity (control) powder PAA  dosing

(NTU) (mg/l) (ma/l) (mg/l) (NTU)
iar 214 40 5 0 5.8
%ar 214 40 10 0 4.6
éar 214 40 15 0 4.2
jar 214 40 0 5 2.4
g)ar 214 40 0 10 15
‘éar 214 40 0 15 5.4

—== Fyl] Paper

coagulant aids significantly reduced therequired dose
of primary coagulant to about 50-87.5% in optimum
condition*8,

Similar study conducted using guar gum (anatura
coagulant) asflocculant aid and showed; guar gum may
be used along with alum to reducetheraw water tur-
bidity from 26.5t0 1.0 NTU and concluded that guar
gum can beused asasdfer dternativeto Polyacryl amide
(PAA) inwater treatment for drinking and food pro-
cessing purposes®®l. So using Lathyrus sativusas co-
agulant aid- in combination withaummight havesig-
nificantly reduced theamount of aum and thusit would
makethetreatment process cost effective.

CONCLUSIONS

During dry seasonitsturbidity level of Buriganga
River wasfound high (average 119 NTU). Traditional
coagulantsand coagulant aid, likealum and polyacryl
amidewerenot sufficient totreet highly polluted water.
Seed powder of L. sativus and P. sativum could ef-
fectively replace synthetic coagulant aid polyacryl
amide. Usingthese natura coagulant aids, suitable, al-
ternative and environment friendly optionsfor water
treatment would be achieved.
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