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Abstract

Asociated health and environmental problems with the use of conventional coagulantsin
water and wadewater treatment necesstated the need for alternative cos effective and
environmentally acceptable coagulant. The ability of Snail Shell (SS) to act as a
biocoagulant aid in the alumprecipitation of colloidal particles in agueous systemwas
evaluated. Physco-chemical characterisation and mineralogical assemblage of the SS
were evaluated. Synthetic turbid water of varying turbidities (50,100,300 NTU) was
prepared by day dispersionin deionised water. Both alumand SSwere used separatdy to
determine optimumdosagesfor thecoagulationin different turbid wagersin a continuous
variationinajar test experiment. Effects of some processvariables (coagulant / coagulant
aid dosages andflocculationtime) were also determined. The useof SSasa coagulant aid
with alum precipitation showed that treated waters of lower resdual turbidities were
obtained from synthetic waters of high initial turbidities. Studies on the effects of
flocculation time showed an optimum flocculation time of 30mns and
redistribution/dispersion which was a normal phenomenon with the use of alum as
coagulantdid not occur when SS was used asa coagulant aid with alum
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Introduction

The dewelopment of innovative clkan-up technobgesnains a challenge as current
procedures have many limitatons such as being neixge disruptive and only efficient
for certain concentrations. The primary purposewafter and wastewater treatment is to
remove the suspended and soluble organic consti@nrently, the most widely used
remediaton technigues are based on physicalchenrocesses including fitration,

chemical preciptation, ion —exchange, adsorptiariectro-deposition and membrane
system for water treatment (Olayinkh al., 2009). River water is a widely used but often
unappreciated source of water. In rural and subudseas 90-95% of the drinking water
comes from river water. Other functons of rivenslide removal of effuent discharges
from industrial plants and sewage works as wellrasreational rokes and fishing (Dix
1981). Surface water contains many contaminanggnar and inorganic in nature as well
as suspended particles from municpal industrieél agricutural wastes (Ademoroti,
1986). Various types of suspended solids dischamged surface water usualy undergo
slow biodegradation and cause a reducton n tresolded oxygen in water. Such
suspended particles make water turbid and redughis genetration, photosynthesis and
restrict plant growth. Turbidity also reduces iigibin the water thereby limiting food

capacty of many fishes. Fish and invertebrate® dlave their respiratory efficiency
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reduced because of their gils surfaces have becologged with suspended matter
(Horsfall and Spiff 1998). Coagulation- floccudatiis one of the simplest and most cost
effective unit operations in the treatment of wadad wastewater. It nvolves the use of a
coaguant for the removal of dissoved and susgkmdodal partckes from the system
(Oladoja and Alu 2008). The efficiency of the adation- flocculation process vares;
depends on the physical and chemical characterigiic the water and the operating
conditions. Auminum salts have being used (Daazal., 1999) and it is by far the most
widely used coagulants h water and wastewatertnie@. However, several serious
disadvantages of using Aluminum salts includingzh&imer’'s and similar health related
problems associated with residual Al in treated ensmathave been identified (Yola al.,
1995, Paret al., 1999). Synthetic organic polymer have been usedfiective coagulant
ad in drnkng water purificaton system (Bratby98D), however, organic polymers
contain contaminants such as residual monomers aimer reactant and reaction by-
products from the manufacturing process that cqaitentialy negatively impact human
heath (Kawamura 1991; Boko1995; Lee 1998,0zacad &engl 2002).This therefore
necessitates the need to dewelop coagulant anduladagaid from natural sources.
Coagulant aids are used in coagulation floccuolatiperations, manly to improve the
efficiency of the primary coagulant and to reduamstc The choice of a material as a
coaguant s premised on the particular physicalcbemical property of the collodal
particulates of the water on which the operatontasbe performed (Oldoja and Aliu
2008). Owing to inherent drawbacks associated with use of conventional coagulants,
research recenty focuses on the use of biocoaguand bioflocculants (Chenat al.,
2003, Strand and Varumik 2003 Tripatit al., 2001). Some of the coagulants and
flocculants of biolbgcal origns that have beeredisinclude chiosan (Roussst al.,
2004), tannis (Ozacar and Sengl 2002), morindacdei (Ndabingengesere and
Narasehl1998), plantain peelings ash (Horsfall &wiff 1998), extract of okra and
Nirmali seeds (Al-Samawi and Shkralla1996).

The use of calcium-rich materals in the water stguhave been studied and reported by
different researchers. Traditonally, limestone used as coagulant — aid (an adsorbent
weihting agent) in the treatment of low turbid erat(Jessey and Sydney 1971). In
addtion, it provides alkalinity to its adsorbentwweghting acton. The use of limestone
(cakite) e.g. sludge from fuller —earth produgtiblast furnace slag, fly ash etc has been
reported as coagulnt aid in the treatments ofolpatn refinng wastewater (Dermiet

al., 1991) and phosphate removal from aqueous meduvigngswaran and
Visvanathan1995, Mooret al., 2007). In the present study, the shel of Aficaland
Snail, calcium- rich material is being proposedaasoagulant aid in the alum precipitaton
of coloidal particles from aqua medum. Gastrofgdails and slugs) is a class under
phyum mollusc. The African Land snail is classifias Achatinaachatina. The snail shell
(SS) has the same basic construction as othersmadbells. Basically, the SS consists
manly calcium carbonate CaG@s wel as various organic compounds (Oladoja Adind
2009; Oladojaet al., 2010). The present investigation studied thetyaldf the Africana
Land SS to act as a coagulnt aid in the alumpiegion of collodal partcles in agueous
medium. In order to achieve this, we tested thityadi alum and SS to act as coagulant
separately. After confirming the coagulant alditief both alum and snail shell separately,
SS as a coagulant aid with alum the primary coagulaas then investigated. The effects
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of some process variables such as coagulant aridsbe dosage and floccultion time
were also studied to optimize parameters in the guladon process and
the setting characteristcs of the sludge produseere investigated using the Sludge
Voume Index (SVI).

M aterids and M ethods

SSpreparation and characterization

The SS was obtained after the snail has been remmovaoied water. The snail shell was
frst washed with tap water then rinsed thoroughith deionized water. It was dried in
the oven before it was ground in a wooden mortat @stle. The ground SS was finally
made into powder using kboratory grihding maclamel sieved with a laboratory sieve of
known mesh size. The pghilion Of the SS was determined using a laboratory pHemet
(Hanna, pH211 microprocessor). The buk densityrticf| size distributon and the
proximate chemical compositon of the SS were di®mined. The presence of selected
metal ions in the dgested SS sampke was determimedg atomic absorption
spectrophotometer (AAS).The pont of zero charg€QJP was determined using the solid
addtion method (Horsfall and Spiff 1998) viz: tosaries of 100 ml conical flasks, 45 ml
of 0.IM KNOs; solution was transferred. The pHalues of the solution were roughly
adjusted from 2 to 12 by adding either 0.IM HN@ NaOH. The total voume of the
solution n each flask was made exactly to 50 mlabiging the KN@ solution. The pkl of

the solutons were then accurately recorded. S§) (kas added to each flask and securely
capped, immediately. The suspension was then nyamagthted. The pH values of the
supernatant liquid were recorded. The differencevéen the inttial and final pH (pH
values ApH=pHy—pH;) was plotted against the pHThe point of intersection of the
resulting curve at whiclMApH gave the PZC. The stabiity of the SS was aedeby
dispersing 2 g of SS, in diferent agueous soktifacidic (0.1M HCI), neutral (dstiled
water) and bascc soutions (0.1M NaOH)]. The mxtwas agiated, intermitently, for a
period of 120 min. Thereafter, the mixture waserid and the residue was dried to a
constant weight. The magntude of the differencewight of the SS before and after
soaking n different aqua medium was used as a umeas the stabiity of the SS n the
different solutions.

Synthetic Turbid Water

Stock of the synthetc turbid water sample was gueh by adding a known quantty of
pulerzed clay to a known volume of deionized waf€he mineralogy and geochemistry
of the clay sample was studied ushg a Diano 2100r&y diffractometer and an AAS
respectively. Synthetc water of different turigdt (50, 100, and 300 NTU) were
prepared from the stock by diution with deionizedter.

Alum Sdution

An accurately weighed quantty of alum }80,):.18H,0] (Merck) was dssoved in
distiled-deionized water to obtain a final aumnoentration of 0.1 g of alum per mL. A
fresh alum soltion was prepared daily for religpilof results.

Coagulation Experiment

The different studies concerning the coagulationl #locculation of the synthetic turbid
water were conducted using the jar test methibe conventional jar test procedure with a
six-unit multiple stirrer system was usdthe optimum alum dosages ranging from 1.0
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mg/L to 5.0 mg/L for the coagulation of differentrlid waters (50, 100, and 300 NTU)
was determined. The abiity of SS to act as a daaigin the treatment of water with low

alkalinty was also assessed at varying dosage&l()- to determine the optmum SS
dose. Each experiment was conducted in duplica® the results were reproducble
within values of 0.1 to 0.5 NTU. The experiment wasducted in a system containing six
rectangular pales (75 x 25 cm). Briefly, the expent involved the addiion of the

coaguants and/or coagulant aid to turbid wateiO (BGL). This was folowed by rapid

mixing of the mixture (i.e., coagulant plus turbichter) for 2 minutes at 200 rpm and slow
stirring for 20 minutes at 45 rpm. The mixture walewed to settle and samples were
withdrawn from a 3-cm depth after 20 minutes forbitity and pH determinations.

Optimization of the coagulation process was peratmby the method of continuous
varitions of two reaction condiions for tlu#ferent turbid waters at the optmum dosage
of alum, SS and alum/SS combinaton ratiod flocculkton times (10, 20, 30, 60, 90
min).

Sludge characterization

In order to observe the setting characteristicghef sludges produced from the use of the
alum—-SS combination and SS alone, the Sludge Volmdex (SVI) measurements were
determined over time for the sludges produced fifmentwo processes.

Results and Discussion

Snail shell characterization

The results presented in Tabke 1 are the physicoiché characteristics of the SS.
Tabe 1.Proximate physico-chemical characteristics of SS.

Physico-chemical characteristic Value
pH solution 8.01
Bulk density (g/cm3) 133
PzC 7.90
Vohktile matter (%) 4.14
Ash (%) 93.76
Mosture (%) 2.10
Ca (%) 99.74
Mg (%) 0.0002
Na (%) 0.0008
K (%) 0.0009
Cu (%) 0.00002
Pb (%) 0.0005

The resutts of the proximate chemical compositemealed a very high inorganic fraction
of the SS (ash content = 93.76%) with predominaotecalcium (99.74%) amongthe

selected metal ions determined. The other metal @etermined were present at trace
quantites. The pH solution of the SS was 8.01Jewthie bulk density was 1.33 g/cm. In
order to ascertain the mineral phases presenteirS® matrix, t was subjected to XRD
analyss. The point of zero charge of the SS serfa@s determined to assess and
understand the nfuence of pH on the turbidity oeah by the SS. Interaction of cations
with the surface of a material 5 favoured at pHPEHC whereas the interaction of anions
is favoured at pH <pHPZCThe resuit of the point of zero charge (PZC) of 88 was

63



Environtropica - An International Journa of theTropical Environment

7.9. This shows that at pH less than 7.9 the surEcthe SS is dominated by positive
charges, whereas at pH greater than 7.9 the sudademinated by negative charges. The
abity of the SS to function effectively and remaivhole in different aqueous medium
(Le. acidic, neutral and basic medium) was asdebgedispersing 2 g of SS n different
aqueous solutons (0.1 M HCI, deionized water, O.NOH). The mixture was agitated
intermittently for a period of 120 min. Thereaftitye mixture was fitered and the residue
was dried to a constant weight. The difference ieigit was highest for the sample
dispersed in acdic solutions (0.49 ¢). The diffiee in weight of samples dispersed in
neutral and basic solutions were infintesimal. Tdg@preciable loss in weight observed in
the sample dspersed in the acidc medium coulbagiibed to the reactimvty of CaGO
the main constituents of the SS in acidc mediumchvied to the evolution of CO

Clay Characteristics

An X-ray diffractometer (Diano 2100*E) was used tbe clay mineralgical analysis. A
copper anticathodeA (= 1.54A% was used. XSPEX version 5.41 software was usdlen
interpretation of the diffractogram. The resultstaoied reveaked the presence of the
folowng clay minerak: kaolnite (27.68%); sméeti (7.55%); ilite (16.43%); mixed
layer (i.e., smectte/ ilite mixed layer) (8.48%pnd quartz (39.86%). Geochemial
analysis of the different clay sampkes was performeing AAS after the clay samples
were digested n a polypropylene bottle using atumex of HF, HCI, and HCIQ Ten
majr elements were determined. The geochemicd#senahowed the abundance of the
presence of Si©(50.11%), AJOs (17.00%), and structural (B) (5.01%). Ths revealed
the hydrated alumnosiicate nature of ths madtefidie percentage oxide compostions of
the other elements present was:. (e (1.42%); MgO (78%); CaO (6.01%); p&x
(1.61%); KO (1.02%); TIQ (0.21%); MnO (0.001%); and,®s (0.01%).

Optimum Alum Dose Determinations

An overview of the results obtained when alum wssdualone as the primary coagulant to
determine the optimum alum dosage carried out e Test Experiment for each turbid
water (50,100 and 300 NTU) is shown in Tabe 2.

Takbe2: Optimum Alum D cse Determination

Alum Dose (mg/L) 300NTU 100NTU 50NTU
1.2 60 40 36

16 53 A 22

2.0 46 26 15

2.4 40 20 18

2.8 3 18 20

3.2 35 22 22

3.6 63 30 28

4.0 83 40 33

The turbidites of the different turbid waters dsaxsed with increasing alum dosages. The
reducton in the turbidity values continued until nainimum turbidity value was obtained,
thereafter an increase in the turbidty value whsewved. The smalest doses that gave
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optimum turbidity removal for the different turbivaters varied with the initial turbidity
of the water. The higher the initial turbidity, tttegher the vale of the optimum alum
dose used (3.2 mL/L for 300 NTU, 2.8 mL/L for 100®, and 2.0 mL/L for 50 NTU).
Higher residual turbidties were obtained for wstevih lower turbidties than for waters
of higher turbidty in the experimental runs. Theserved difference in the value of the
percentage turbdity removal in the diferent tdrbivaters could be ascribed to the
different mechanisms of coagulaton, as proposedbgcar and Sengil (2002). At higher
turbidites, the predominant mechanism for coapalbdbf coloidal partcles was “sweep
coagultion.” The large quantity of AOH preciptate was capable of sweeping the fine
collodal particles from the water. The Al(OHadsorbed on the surface of the collodal
particles therefore reduces the negatve chargeh vig slighty posiive charge.
Coagulation is most effective with highly turbid #e& (300NTU) and a decrease in the pH
of the residual turbidites was also observed. Tihital solution pH is one of the
important factors that is given higher considematio the use of coagulation-flocculation
in the water industry. This could be understoodnfrthe reported speciation of alum in
water. Alum dissociates in water to give*AISQ? and various aum complkexes such as
Al(OH)2+, A(OH)3;, and AI(OH), -, dependng on the pH of the medium. The various
postively charged species that are formed may pembvith negatively charged colloids
to neutralize part of the charge on the collodtiggas (Ademorcti 1996). The collodal
materials then come together and become incorgorate masses that can be readily
preciptated. It is noteworthy that the pH of theater plays a prominent role in the
determination of the hydrolysis species that isdgmanant in the aqueous medum. Lower
pH value favours the species wih higher positir/arge on them. At pH below 5.0, the
OH is hsuffcient to preciptate Al completely, so that [AI(OH)] and AI(OHY occur.
The postively charged Al attracts the collodaltipes and forms loose flocs which are
not dense enough for easy macrofiocformaton atbespent sedmentaton. When the
optimum dose is exceeded, the aggregated partides re-dsperse and this disturbs
particle- setting (Chan and Chiang 1995). This basn attributed to an increase in the
repulsve energy between the coagulant and theidebllparticles which causes hindrance
in foc formaton (Mshraet al., 2004).
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Figure 1. Determination of optimum Alum dose
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Determination o gptimum SS dose

In this study, a coagulation experiment was permointo examine the role of SS as the
primary coagulant. Different dosages of ground SIS7gf were used as a primary
coagulant. Results obtained are shown in Tablke Bhwib expressed as percentage of the
turbidity removal from the aqueous system. OptimB@& dose was between 4-5 g/L.

Tabe 3: Optimum Snail Shell (SS) Determination

SSDose (g/L)300NTU  100NTU 50NTU

1.0 40 3 30
2.0 35 35 3R
3.0 43 33 35
4.0 54 40 39
50 50 36 37
6.0 46 A 35
7.0 44 30 32

The percentage removal of coloidal partcles mses with increasing SS dosage for each
turbidity concentration. It was also observed ttie percentage of the turbidity removed
increases with increasing initial turbidity concatibn. From the result obtained for the
bulk density of the SS of 1.33 gfrshows that SS & denser than water (1.08)/cirhis
implies poor solubiity of CaC® in aqueous medium, thereby makng it difficult to
substantiate on the mechanism of reaction of the KE&wvever, proposed mechanism is
that of adsorption of the colloidal particles oe targe surface area of the SS.
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Fig 2: Determination of optimum SS dose

Studies on the use of SS asa Coagulant Aid

The resuits presented in Fig. 3 showed the effetheo addition of SS as a coagulant aid
on the residual turbidities of the treated watd@ise vales of the residual turbidiies of the
treated synthetic waters were lower with the amdibf SS than when alum was used
alone.
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The water with the initial highest turbidity val(ee., 300 NTU) produced water with the
highest value of percentage turbidity removal (%3 Table 4). This could be ascribed to
the hgh colloid concentration in the medium whiptomotes interpartick brdging and
macrafloc formation.

Table4: % Turhidity removal at optimum alum dosewith SS asa coagulant aid

SS Dose (a/l) 300NTU 100NTU 50NTU

1.0 68 64 45
2.0 75 76 62
3.0 80 78 68
4.0 A 91 80
5.0 84 80 75
6.0 80 75 73
7.0 75 73 69

At relatvely low collod concentrations (i.e., 1G8nd 50 NTU) an improvement in the
value of the residual turbidity was also record&te resuks obtained from these studies
compared very wel wih some of our past studiesréfql and Spiff 1998, Oladoja and
Aliu 2009, Oladojaet al 2010). It should be noted however that despite dbhserved
improvement n percentage turbidity removal at 460 50 NTU when the SS was used as
a coagulant aid, the percentage turbdity remowvas$ welatively low when the resuks were
compared with synthetc water of 300 NTU. The rait low initial turbidies of the
waters could inhibi the rapd formation of flocs the rate of nterpartcle contact 5 too
slow to utiize destabiization by charge neutedlian.

Our findings revealed that the pH of the treatedewavhen aum was used alone was
lower than the nital pH of the turbid water thetmnen SS was used as a coagulant aid in
al the studies carried out (i.e., water of différdurbidities). When SS was used with the
coagulant aid, the pH vales of the treated wateese higher than the respective intial
pHs (fig. not shown). The observed pH elevatiomemsed with an increase in SS dosage.
Proposed mechanism for this observation is thatdibgolution of alum n water furnishes
the aqua medium wih #l which decreases the pH of the medium. When afurased
with the SS, the SS used acts as a reservoir ofi@s] thereby reducing the effect of the
H* ion generated by the dissolution of alum, and #odty effect is reduced thereby
increases the pH. The removal could be ascribetthdoalkaline nature (pH 8.01) and the
neutraizing abiity of the coagulant aid (SS) usdde SS served as the reservor of
akalinty and help to neutraize the acid produckdm the hydrolytic chemistry of
aluminium ion. Solution pH during coagulation affects the chemisif the coagulant. The
traditional coagulants, alum and ferric salts, wumlea hydrolysis reaction upon their
addtion to water, forming a series of productgy. e.

Monomeric aluminium species  (AI(OH), AI(OH) 2* and A(OH) )

Dimmer Aluminium species (AIOH),*
Trimmer Aluminium species (AIBOH)
Tridecamer Aluminium specie  (AD4(OH)x"*
Amorphous precipitate (AOBign)
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Yan & al.2008 Oladoja and Alu 2009studied the hydrolysihg behaviour of AJCand

found that the minimum solubilty was obtaned apld of 6.3. Therefore, at a pH higher
than 6.3, the hydrolyss products of alum are higblecular weight polymer or sals,
which efficiently remove particles through bridgirgr sweeping flocculation; at a pH
slightly lower than the mnimum solubiity pH of géhcoagulant, the hydrolysis products of
alum are mainy medium polymer or monomers, whiglveha high abiity to remove

dissolved organic carbon by complex adsorption,rgehaneutraization or co-preciptation
(Oladoja and Alu 2009)

Naturally, the hydroltic chemsstry of aluminunoni causes a decrease in the pH of the
treated water and makes floc formation difficultt bthe SS created an enabing
envionment for floc formation and confrmed theutneizing ability of the coagulant aid
used, asde its role as a weighting agent (Horafal Spiff 1998; Oladojat al 2010). In
addtion to the role of SS, dentified above, tHange surface areas also confer adsorbent
properties on it. Owing to the predominance of Cad® the coagulnt aid used, the
hydrolysis reaction of calcite (CaGOcould be used to elucidate the surface reacfion o
the SS at different pH values. The measuremenieoPZC of the SS showed that the PZC
occurs at about pH 7.9. From the results of the RzZgbuld be inferred that the colloids
would be chemicaly adsorbed onto SS at pH valueater than the pH of PZC. For pH
between 7 and 8.2, the adsorpton seems to be alusoth electrostatic and chemical
interactions (Karageorgioet al., 2007).

100
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S5 dose (EfL)

Fig 4: Effects of SS as a coagulant aid at optimum alum dose

Effect of time

Floccuaton tme is one of the paramount factorsonsclered n the
coagultionflocculaton process. The effect ofcdldaton time was studied at the
optimum alum/SS ratio and varied between 10-90 tesnu The results obtained are
presented in Fig 5. Past works (Mshra et al., RP0@de reported an optimum flocculation
tme of 30 minutes when natural polyelectrolyteunig@ and tannin were used,
respectively as coagulant and coagulnt aid inmiatment. The increase n the
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residual turbdity after the optmum time has beascribed to the possibiity of
redspersion and restabiisation of flocs at higHiecculaton time (Sengl 1995). This
phenomenon of redispersion and restabilisation mohsobserved when the SS was used as
coaguant aid with alum; instead a reducton n tldue of the residual turbidty was
recorded over the entire period of studies (90.min)

120

o]

a0 - ./4—-—__.
== U

e ML)

Turbidity Remeaved |NTU)

10} Al Ak il =0

Time [Mins]

Fig5: Effect of flocculation timeon residua turbidity

Settling characteristics of sludge

The setting characteristics of the sludge produfteth the use of SS/alum combination
and SS abne were determined using the sludge eolmdex (SVI). The SVI was
measured over tme for the two modes of treatmemtegses and the resuits obtaned are
presented in Fig. 6. A good sludge should have hl&ss than 80 mg/g and a very good
one around 50 mg/g. An SVI greater than 120 mglgates poor setting characteristics
(Gray1999). An owverview of the resuts obtainedrirthe two processes showed that the
SVI of the sludge produced from the use of SS wrég better than the SVI of the sludge
produced from the SS/alum combination in the fi@tmin of study. At 30 mn of study, a
reverse n trend of the SVI of the two sludge preduwas noticed and the SVI of the
sludge produced from the alum/SS combinaton wag80<mg/g whie the SVI of the
sludge from SS only was > 80 mg/g. At 120 min thé $f the sludge from SS/alum
combinaton was < 50 mg/g whie the SVI of the gdudrom SS alone was just < 80
ma/g.
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Fig 6: Determination of sludge characteristics over time
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Conclusion

Apart from the aestheticaly displeasing appearaheg high turbidity impart to water, it
also provides site for biological organisms grovahd interferes with disinfection during
water treatment. The maximum turbdity of INTU idoveable in drnking water
(USEPA1991). Aum s a widely used coagulant in teaster treatment, however as
already stated medical reports have indicated &laimight induce Alkheimers disease
whie residual Al concentraton n drinkihg watearc also impose heakh problems apart
from the production of large amount of sludge (Blath et al., 2009), therefore the use of
high concentration of Al in the treatment of wateust be awvoided. In this study, the use
of Snail Shell (SS) as a coagulant ad in the apmcpitation of coloidal particles was
studed and the effects of some process varialfEsadulant/coagulant aids dosage and
flocculation time) were optimized by the method adntinuous variation. P recpitation of
colloidal particles in aqueous medum via alum wite use of SS as coagulant aid can be
enhanced. Restabiisation and redistribution whghnormally encountered in the sludge
preciptate obtained during alum coagulation was experienced when flocculation time
was optimized in this study. Also the aum sludggsart from being vouminous are
gelatinous, acdic and diffcuk to dewater andpaoliee in the envronment (AFSamawi and
Shkrala1996). The SVI (mg/g) monitored over tinfeovged that the sludge obtained from
the aum/ SS combination had better settling ptiggerthan the sludge obtaned when
alum was used alone.
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