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ABSTRACT

In water treatment plants the finding of ways that meanwnhile effective efficiency decreasing the coagulant
substances consumption, has a great importance and is considered to engineering economy consideration. This
applicable analytical study was conducted in lab scale of hormozgan water treatment by jar test on 108 samles. To
choice of (PACL, recycled sludge, PACL plus recycled sludge) for turbidity removal, an examination was done at
different sludge volume (from 5 to 45mli/L) and different turbidities (from 11to 98 NTU). At the end of any jar test,
with the counting of samples, s remained turbidity and coliform the efficiency of this factors elimination was
determined by covariance and Duncan analysis (Pyawe< %1). Results showed that the maximum turbidity and
coliform removal efficiency were recovered to 97.12% and 91.35% respectively, that was obtained at 10ppm PACL
plus 10mi/L recycled sludge, but optimum dose was Pertinent to 8ppm PACL plus 10ml/L recycled sludge with PH
7.5 that of efficiencies, resulted 96.81% and 91.23%, also do not significant difference between this two doses. By
using the optimal dose of recycled settled sludge in this treatment plant, %20 reduction of PACL consumption was
obtained equivalent to 192.3 kg per day as parsimony that isremarkable.
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INTRODUCTION

Promotion of any society dependent to consideratmnengineering economy, for example in watertineat the
finding of ways that along the effective efficienayecrease the coagulant consumption for purvegrinking
waters, is conducted us to this purpose. Therefater treatment involves science, engineering,nass, and art
[1]. At other side accession of healthy phenomesuch as Alzheimer coming according to inordindtengnum
consumption has caused to more sensitivity and gsgional control is made on water treatment process
Flocculation and Coagulation are process and dpesdtunites in surface waters. During the coagmutaprocess
are used different coagulant and aid coagulant naége The coagulants inclusive materials that ased for
instability and stick of turbidity consist of suspked and colloidal solids of water. while the mpsp of adding
coagulant aids is increasing the density of adleegarticles and helping to rapid sedimentationf2jormally the
metallic salts such as Alum and Poly Aluminum Cldey ferrous sulfate, ferric sulfate and ferricarfde is used as
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coagulant and some substances such as sodium atemiventunit, sodium silicate and cationic, amiprind
nonionic poly electrolytes is used as aid coagulamtater treatment process for remove turbiditydR Generally
in coagulation process the conditions must be pexlito conclusion of adsorption and charge indgtitiat by the
return sludge to prime of flocculation processs tondition is found. On the other hand, aluminarstill some left
in the sludge so it can be used. Sludge was pesgtiicy coagulation process containing complexeslwhinum
that they cores can suitable agents for new flbasare heavier and can needed less time for isitug8, 4] PACL
with low concentration in aqueous field make théypmore complex and this property is the uniquditgbfor

coagulant process. This matter has polymeric straawith formula of(Ag(OI-)HCL.YI—;dZ which is produced by

chemical reaction between Aluminum Hydroxide and lo@dric acid according to
2A(OI—)3 +nHCI_—>AL(OI-)nCLrn +H,Q [4, 5]. In Poly Aluminum Chloride molecules, Alumim there is as polymer

consist of Hydroxide and Chloridric factors, andsome cases consist of mineral salts such SodidhrCaioride.
Against the Alum that small part of it appears tonmmeric forms, in Poly Aluminum Chloride molecutere

17
proportion of Aluminum appears to great Alligomeslymers to[al_(0oH),,0,(H,0)] figure [5-8]. Some of the

PACL s advantages include: That coagulation efficacfrdm 2 to3 time higher than ordinary Aluminum salt
Flock formation occurs rapidly so short time neeftadreaction and sedimentation, by using the Isindose of
coagulants, reduction of PH after the PACL consuwnpts lesser than other mineral coagulants, Spgdiar
treatment of very turbid waters short time neededdt the PH of treated water, lesser sensitidtyetmperature
Jleave less residue than other metallic coagulaméiuction of produced sludge and facility of deawiag, are
factors that increased the PACL consumption forewateatment [7]. This study was implemented t@earof
determine the optimum performance condition of PAG@th recycled sludge and scrutiny of their turbidiemoval
efficiency in hormozgan water treatment Plant. Rese of Akbar Baghvand showed that highest turpidimoval
efficiency of Alum were recovered from 82.9% to 2%. and of ferric chloride was from 92.9% to 99.49%¢er the
applied range of turbidity [9]. In study of Binnate comparison of Maringa oulifra seed and PACLr&Emove of
water turbidity showed that optimum dosage of PAGltemoval of about 50 NTU turbidity was 20 ppnPat 7.5
that finally come down to 2.5 NTU, and so it iSeato remove 95% turbidity [10]. To compare of fdity
reduction efficiency a 12.5 ml dose Mf oleifera is equivalent to 4 ml dose of Alum and 5.4 ml do§@ACL [11].
The aim of this study are Survey of clarifier, syeed sludge effect on Turbidity and Coliform rerabefficiency
by Poly Aluminum Chloride (PACL) in Hormozgan wategatment plant

MATERIALS AND METHODS

Site description
This study was performed in lab scale by JLT6 madédlat test system in Hormozgan water treatmearit{figure
1).

Field measurements

According to local climate conditions and recordisaw water turbidity, sampling was done in winggrason from
inlet row water and totally was taken108 samplesatmge from 10 to 100 NTU. Before addition the adagts
firstly was measured Turbidity, Temperature, Algaknd pH according to standard methods 2005 guielé¢l2].

In during jartests the rapid mix was regulated 26 tpm at one minute and then slow mix on 30rprbQaminutes,
20rpm at 10Ominutes, 10rpm at 10minutes respectivéliter this stages samples rested for settlation t
30minutes.Then sampling was done for examinatiomfb6cm of basher's surface below. Then four stages
performed to this discretion:

1. PH was slated to range of from 5 to 8 by 1% rabmwf Sodium Hydroxide, then by addition seven doSBACL,
optimized PH was determined equal7.5

2. doses of PACL (from 5 to 35ppm) was added tamapéd PH until be achieved optimum doses of PACL

3. Resulted dose of PACL was as base for next sisadynd this time jartest was done by lesser daofsBACL plus
different doses of sludge, then effect amount ayecked sludge was determined. During one of thelgdu
concentrations optimized doses of PACL has beencestito its minimum volume, so this brings as op&d
favorite dose of PACL.

4. Jat tests was performed at different turbidiigsadded selective optimal doses of PACL plusedéffit doses of
sludge, until finally research be done for categif Turbidity and Coliform, removal efficiency caselection of
best dose of PACL plus sludge and determine saamf between variants by Covariance and Duncan
analysis. (py,<1%)
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Figure 1. Study site location in the Hormozgan Pramce, southern Iranian state of Iran

RESULTS AND DISCUSSION

A): Determination of optimal doses of PACL plusrecycled settled sludge

When fixed concentrations of PACL were added onssimples containing different turbidity and thel Rere
sated on 5-8 , jar tests showed that most turbiéityoval was occurred at 7.5 PH, so at next stafjessearch all
samples was regulated on this optimum PH. At ti& fihase of jar tested by injection different dosEPACL on 8
samples containing different turbidities, dosed@fand 25ppm which had most turbidigmoval efficiency were
chosen as basic number. Then jar tests was doite legser doses of PACL (10, 9, 8,7,6,5 ppm) pins doses (5

to 45 ml/L) of sludge which in this stage were takKeom clarifier s discharge pipe. In this stage 9 tests at any
turbidity and totally 90 jar tests were done. Hydose of 8ppm that had more repeat in jar tetalts was defined

as optimum dose with the added sludge. Accordingrite restriction the finally results was mentidnie (1.3)

table.

Table 1: optimum doses of PACL for different turbidities and doses of sludge

optimum doses of PACL plus sludge ‘ 4
optimum Sludg (ml/L) Be '3
doses of £ S o
PACL(mg/) | 45 | 40 | 35 | 30 | 25 | 20 | 15 | 10 | 5 0 'Z[ 4 3
S |
9 10 10 9 8 9 10 ®9 9 9 10 12 1
8 9 9 8 7 8 ®8 ®8 8 9 10 11 2
8 10 9 8 8 7 9 ®8 9 10 10 64 3
8 9 10 10 8 7 8 ®8 9 9 10 32 4
7 9 10 9 8 ®7 8 9 9 10 10 98 5
9 8 8 9 8 9 9 ®9 10 10 10 98 6
8 9 9 8 7 7 ®8 10 9 10 10 57 7
8 10 9 8 10 9 8 ®8 9 10 10 35 8
10 10 9 8 7 9 10 10 10 10 ®10 11 9
8 10 9 9 10 9 8 ®8 9 9 10 42 10
table
418
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1 mark ®means the optimum doses of recycled slwdgeh in any turbidity had the most efficiency oAGL

reduction during the coagulation process. Thisetaigisulted imprimis: most of favorable cases ofgatstion

occurred in 10ml/L sludge injected on different eé®of PACL, also in more volumes the effect of Tditl

removal is reduced and increase in turbidity iswieer lower than input amount .The result is tocestbn

the10ml/L of sludge as optimal dose, and in trésdrthere is significant relevancy between optindase of added
sludge and effluent turbidity. Secondary resulthat 8ppm dose of PACL which has most rapidityreduce
consumption of PACL in jartests was determinedBrozed dose after sludge addition on them.

B) Survey of Turbidity and Coliform removal efficiency in optimal doses of PACL plusrecycled sludge

In this stage on 12 samples containing turbidigt there ranged from 11.2 to 98.4 NTU the jar testas done by
addition different doses of sludge (5 to 45ml/Luplmentioned PACK optimal dose. by calculate of this stage
finallyl08 jar tests was done .according Anova sialin results of turbidimetry there was signifitalifference
between volume of injected sludge and turbidity aeat efficiency, and according Duncan analysis itlitp
removal efficacy in cases variety of PACL plus gledvas clasificated in four classes,(g0/01)
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Figure 2: Effluent turbidity after addition sludge different volumes on optimized dose of PACL

100 —— efluent turbidity of 25ppn|

90 ---
—=— efluent turbidity of 10ppn| ’\Z
“TA

AN /
"\

50 -

40

30

total coliform(MPN)

20

10

0

Sludge volume(ml/L)

Figure3: Effluent total coliform after addition sludge different volumes on optimized dose of PACL

Doses ofl0ppm PACL plus 10ml/L sludge and 25ppm PAtlis 5ml/L sludge were in one group. In dose of
10ppm PACL by adding the 5 to 45ml/L of sludgee thutput turbidity was to rang of 1.21 to 13.07 NHLs0 in
dose of 25ppm PACL by adding the similar volumed stludge ,effluent turbidity was in rang of.79 to
12.18NTU.This times for achieving the optimum dadesludge to saving the coagulant, turbidity andifaon
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removal efficiency was investigated in modes ofitiial the sludgs optimal dose(10ml/L)on two dose of PACL
.Turbidity and coliform removal efficiency in moaé 10ml /L sludge injection on 25ppm PACL was %%7dnd
%91.35 respectively. And by addition on 10 ppm PA@hs to %96.33 and %90.72 respectively. Study of
Takdastan.A showed that average turbidity remoffadiency come to %98.31 which there was in 10pposed of
PACL plus 10ml/L volume of recycled sludge, howermegximum turbidity removal efficiency come to %98 hat
occurred in 30 ppm dose of PACL plus 4ml/L voluniesioidge [4] In this condition Test analysis af,(R<10/0
)dose not show significant difference between thefficacy. So according to reduction of coagulant
consumption, TOC reduction and sludge discharge mOBACL plus 10ml/L sludge was determined as optthiz
dose until this stage, but this trend is searahede. When in order to reduction of PACGLoptimal dose to less
doing jar tests, in 0 to 10ppm PACL the most effiwiy of turbidity and coliform was occurred by 8ppose. So
this optimized dose for PACL is confirmed and thabidity and coliform removal efficiency were reeved to
96.81% and 91.23% respectively.

Survey of McLane showed that by transfusion ofifitars recycled settled sludge on coagulant, HPC remove
efficiency come to 99.2% and turbidity was redutte@6.17%.[13]
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Figure 5: Turbidity removal efficacy big 4: total coliform removal efficacy

In mentioned optimized condition, regression arialghowed there is relationship between dosageA@iLPand
optimum volume of sludge. Also Turbidity and Cofifo removal efficiency was as linier type thaf)Roefficient
for removal of turbidity and coliform were 0.948 &0.932 respectively. Also addition of any definiteses of
sludge (5 to 45ml/L) on PACL, in compare with ergged PACL increases the turbidity removal efficigrand
during the sludge increasing the turbidity remoiglincreasing. Its Physico chemical reason, existence the
aluminum complexes at sludge that cores of thembeasuitable agents for heavier flocks and so Heek$ are
precipitated in short time. But this property is@ecified range is declining, insofar that additare than 25ml/L
not only have not positive effects and technicatification, rather by increasing the final turltydand coliform,
result increasing the amount of TOC in treated w4#® According to Anova test there was signifitaifference
between volume of injected sludge on PACL and titpiremoval percent (B,<%1). Relationship type between
added sludge on optimal dose of PACL and turbidétyoval is as linier (.8129), and with coliform removal
efficiency is as linier (R.8714). Resolutely 8ppm PACL with 10ml/L was dliabd as optimized dose. Whereas
with use the dose 10.5 ppm of PACL as annual agecagsumption ,this treatment plant consume 808ekgday,

if he used the 8ppm dose of PACL plus 10ml/L slud@gé PH equal 7.5, is obtained daily to191kg pamy of
coagulant consumption and yearly to 69.7 tones.m&shodological aspect our findings was consonawiti
results of Takdastan.A, Mirzaei.A [4], and McLanstddies [13]. But Zhiwei.Zhou determined thateéfective
initial turbidity Less than 45 NTU and optimal pH 6.5 to 7 the appropriated dose of mixed sludgeldav
Pollution water was 60 mL/L so this result do nomsonantly with our findings [14].

CONCLUSION
According results of 4 stages examination to porou®ACL optimal dose with added recycled settladige

determination and evaluate its effectiveness omuwadion process in hormozgan water treatmenttptae most
coagulation occurred at 25ppm of PACL with 5ml/Lretycled sludge, but using of 8ppm PACL with 1Qnuof
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sludge, with the besides being the combinated aptirdose has been convert optimal dose of PACL ft6ppm
to 8ppm. Since no significant difference betweeficiehcy of these two doses, with regarding cowodisi of
optimized dose, this dose was defined to optimakdIn this status turbidity and coliform remogéiciency were
recovered to 96.8% and 91.2% consecutively. Wilthiteon of sludge, coliform and turbidity removdfieiency
increases and there are significant linear relatign between volume of sludge injected on PACptntized dose
and effluent turbidity and coliform that {Roefficients are equal to 0.871 and 0.813 conVeSHP,.<1%).
Although in dose of more than10ml/L efficacy ofhiglity removal is falling. If in this water treatmeplant was
added 8ppm of PAC Land 10ml/L of clariferecycled sludge in PH 7.5 is expected averadgady parsimony of
PACL consumption equivalent to 193kg per day and @9ns per year that is remarkable amount. Pa&dbw
turbidity (2 to 6 NTU) and high turbidity (100 NTU§ an economical alternative instead of other atsags such as
FeC} for remove of turbidity and TOC [15].
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