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Removal of Natural Organic Matter (NOM)is one of the most important objectives of
water treatment plants but reducing these pollutants either present in water as dissolved
or suspended form is not as efficient as is required in conventional treatment plants.

The purpose of this study was comparison performance of composite polyaluminum

silicate chloride (PASiC) and electrocoagulation (EC) process by aluminum electrodes
in NOM removal from raw surface water. In this study, the effects of turbidity, total
organic compounds carbons (TOC), adsorption at a wavelength of 254 nm (UV254
nm), chemical oxygen demand (COD), alkalinity, residual aluminum in finished water
by application of EC process and PASiC were investigated. The results demonstrate
that PASiC coagulant at optimum concentration of 1 — 5 (ml/L) was capable of removing
TOC, COD, UV254, and turbidity from raw water by 93.77, 93.5, 63 and 95%,

respectively. In contrast, EC process, removed TOC, COD, UV254 and turbidity from
rawwater by 89, 99.75, 37 and 50%, respectively. The pilot-scale results demonstrated
the significant advantage of PASiC compared to EC process in removal of NOM and
turbidity form raw water. Residual aluminum in finished water was below the
recommended World Health Organization guidelines (0.2 mg/L) for both processes.

Finally it can be concluded that PASiC and EC process are reliable, efficient and cost-
effective methods for removal of NOM from surface water.

Keywords: electrocoagulation, natural organic matter, polyaluminum silicate
chloride.
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Introduction

Presence of high concentration of NOM is one of the major pollutants in
surface water sources. The presence of NOM can cause odor and taste in the
finished treated water and could lead to additional treatment costs [1]. NOM
contains roughly 40 — 60% carbon and 1 — 5% nitrogen by weight, respectively
[2]. NOM concentration in water treatment plants is 2.47 and 1.63 mg/L
respectively. The mean of total percent of hydrophobic and hydrophilic
fraction is about 41 and 59% [3]. During water treatment process, nitrogenous
moieties of NOM can react with disinfectants to form carcinogenic, and
adverse birth outcomes, trihalomethanes and haloacetic acids [2, 4, 5]. WHO
has given a recommendation guideline of below 0.3 mg/L [1]. Current options
for dissolved organic carbon (DOC) removal includes membrane filtration
(80—-99%), activated carbon filtration (53 — 95%), ion exchange (60 — 80%),
ozonation/biodegradation (25— 75%) and coagulation with cationic additives
(10—-60%) [6, 7]. NOM can be removed from water by conventional surface
water treatment processes mainly such of coagulation, sedimentation, and
gravity ltration [7]. During coagulation process NOM is removed through
charge neutralization, entrapment, and sorption onto oc surfaces. In recent
decade, aluminum or iron-based compounds such as ferric sulfate (FS), alum,
aluminum chloride, polyaluminum chloride (PAC) are widely used for
removal of DOC [8]. In contrast, a research demonstrated that Al and Fe
salts were not efficiently desirable in removal of natural organic matter [9].
Therefore, there is a need to a new coagulant in order to improve the
performance in NOM removal from water.

Development of PASiC under certain conditions was in mind. In this regard,
PAC and activated silica, a polysilicate (PSi), could be combined eith each
other in order to get a compound based on (PAC) as a new coagulant [10].
PASIC is a new type of inorganic polymer coagulant, having a larger particle
size and better turbidity and color removal efficiency than PAC [11]. Gao and
Yue et al. in their recent studies applied PASiC for removal of algae, turbidity,
oil, COD and TP under the laboratory conditions [12].

EC is a an emerging and efficient method in water treatment where the
flocculating agent is generated by ion exchange process using electrochemical
of'asacrificial anode [ 13, 14]. In electrocoagulation process, there is no addition
of chemicals to the water. Therefore, in this process a small volume of sludge is
produced, comparing with conventional coagulation process in water treatment
and such sludge can be easily removed by decantation [12, 15]. Currently, in the
EC process aluminum or iron plates are used as electrodes [16].

634 ISSN 0204-3556. Xumus u mexnonocus 6oowt, 2011, m. 33, No6



In recent years, it has been increasing interest in the use of electrochemistry
for water and wastewater treatment. EC process has been widely researched in
the field of water and wastewater treatment to remove heavy metals, chemical
compounds, microorganism, hardness, turbidity, and other environmental
contaminants [17 — 18].

In a research in Taiwan, EC process was investigated for removal of TOC
from aqueous solution containing polyvinyl alcohol (PVA). The PVA and TOC
removal efficiencies were significantly influenced by the current density and temperature
[19]. In another survey the removal of NOM from drinking water which was treated by
coagulation — microfiltration using metal membranes resulted in more than 95%
color removal, 85% UV removal, 65 — 75% TOC removal and turbidity reached
less than 0.2 NTU and non-detectable suspended solids in the finished water [20].
Zazouli and et al. in a research on application of nanofiltration membrane showed
that the average rejection efficiency of humic acid and salt ranged between 91.2 —
95.25% and 63.6 — 80% respectively [21].

This paper investigates comparison of PaSiC and the EC process, in
removal of NOM from raw surface water in Ghouchan water treatment plant.

Experimental

Preparation of coagulants. The preparation of PASiC coagulant is briefly
described below. At first, 10,75 ml of concentrated 3M SiO, solution was
introduced slowly into 10 ml of 2M hydrochloric acid solution while stirring
to obtain a PSi solution (pH value of 2.0 — 2.2). Then, fresh PSi solution was
mixed with 2.5 M AICI, solution at Al to Si ratio of at least 10. Then, 1.5 M
Na,CO, solutions were added to the solution slowly under stirring condition
to obtain an OH to Al ratio equal to 2. The above solution had the following
properties: AL,O, + SiO, content = 10.0 %, Al/Si =10,y =2, pH=1.5-3.5,
and density = 1-1.5 g/Cm? [22].

EC unit. A200ml beaker was used as EC cell. Eight sheets of rectangular
laminate aluminum was used as electrode, each (8 x 10) cm and the distance
between the plates was fixed about 1 cm. Electrodes were connected to direct
current power supply with 10 — 30 V as maximal tension and 15 A (Fig. 1).

Before the EC test, and in order to avoid any interference, the electrodes
were rinsed with distilled water then cleaned with HCI solution (1:1) and finally
they were rinsed again with distilled water.
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Fig. 1. Schematic diagram of the electrocoagulation pilot plant.

Analytical methods

Coagulation procedure was carried out using a six paddle gang stirrer jar
test with six one-liter beakers. An initial rapid mixing was set at 120 rpm for
two min followed by a slow mixing at 45 rpm for 10 min then settling for
15 min. After sedimentation, supernatant samples were taken from a point 2 cm
below the surface for analysis.

Turbidity was measured by a Eutech Turbidimeter (Model 5310), and pH
was measured by Eutech pH meter. TOC of the samples were measured using
DR/5000 Spectrophotometer, UV254 absorbance and residual aluminum was
measured by UV/Vis Spectrophotometer ("Shimadzu", Japan) with 1.0 cm
quartz cells COD was determined by the potassium dichromate method
according to the Standard Method for Examination of Water and Wastewater
[23]. In all the experiments, in order to neglect the effect of pH on the NOM
removal efficiency, the pH of the water was adjusted with 0.1M HCI solution
or 0.1M NaOH solution.

Removal efficiencies (R, %) were calculated according to equation below:

R =[(CO - CE)/CO] - 100.
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Results and discussion

Application of PASiC coagulant. Results of PASiC experiments for TOC,
COD, and UV254 removal are shown in Fig. 2 — 4.The results demonstrated
that, required coagulant dosage for TOC, COD, and UV254 removal increases
with NOM increment. As illustrated in Fig. 2 — 4, applying an optimum dosage
of 1 ml/L at pH 7 resulted in 93.77, 93.5, and 63% removals of TOC, COD,
and UV254, respectively. As the initial coagulant concentration increased, the
removal efficiency decreased, and the range of removal efficiency was 91 —
95% .The effect of PASIC doses on turbidity removal is shown in Fig. 5, at
initial pH of water. As shown, turbidity removal generally increases with
increasing coagulant dose. According to this Fig. 5, the maximum turbidity
removal rates obtained at initial pH of water is 95%. The results obtained from
the experiment showed that increases in raw water turbidity up to 100 NTU
led to an increase in turbidity removal efficiency. Therefore, the treated water
residual turbidity was always below 0.2 NTU for all samples tested. Fig. 6
shows the volume of settled sludge after coagulation in its optimum pH. As in
Fig. 7, residual aluminum in treated water increases with increasing coagulant
dose. Itis clear that PASiC not only have any positive effect on NOM removal
but also it increases turbidity and the volume of settled sludge. The appropriate
setting time was obtained about 15 min. The appropriate amount of sludge
production can cause reduction in sludge disposal problem and extra costs.
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Fig. 2. TOC removal percentage by PASiC in natural pH.
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Fig. 3. COD removal percentage by PASiC in natural pH.
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Fig. 4. Removal percentage UV254 by PASiC in natural pH.
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Fig. 5. Turbidity removal percentage by PASiC in natural pH .
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Fig. 6. Height of sludge by PASiC in natural pH.
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Fig. 7. Residual aluminum rate by PASiC in natural pH

Application of EC process. Fig.8 — 10 represent the percent of TOC, COD
and UV254 removal in different pH, electrical potential (voltage) and time
intervals. As it is seen, at time 60 min, pH 6.5 and electrical potential of 30 V
the maximum removal efficiency was achieved which was 89%, 99.75%, and
38% removal in TOC, COD, and UV254, respectively. During experiment,
the most effective removal parameter was electrical potential in 30 V. These
results illustrated that with increase in time up to 30 min, the amount of removal
rate increases considerably, but whit the increase of electrical potential, in the
range of 30 — 60 V and time in the range of 30 — 60 min no impressive
enhancement will occur in treatment efficiency. The results show that the most
turbidity removal rate of 50% was achieved in 30 min, pH 6,5 and electrical
potential in 30 V (Fig. 11). Maximum removal rate was achieved in the initial
period of 30 min time and by time passes in the range of 30 — 60 min, turbidity
removal rate decreases. Results showed that residual aluminum concentrations
in all experiments are below 0,2 mg/L the recommended guideline for aluminum
goal (Fig. 12).
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Fig. 8. TOC removal by EC in pH 6.5 different V.
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Fig. 9. COD removal by EC in pH 6.5 different V.
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Fig. 11. Turbidity removal by EC in pH 6.5 different V
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Conclusions

This study has shown that lower doses of PASiC coagulant have high
efficiency in NOM and turbidity removal, these results are in accordance whit
a research on PASiC [10]. It can be concluded that the PASiC coagulant has
the potential to be utilized as cost-effective alternative coagulant in surface
water treatment plants. The experiments show that EC process in operating
time of 10 min, pH 6.5 and electrical potential in 30 volt is capable in the
removal of NOM and turbidity. The NOM removal rate was seen to increase
with increasing the current power and reaction time.

These results are in agreement with the findings in the study on COD and
turbidity removal efficiency from water through electrocoagulation process
[15]. Also the results are in matched with results of another research on iron
chemical coagulation and EC pretreatment [9], Zhu and et al. suggest that EC
might also be superior to conventional coagulation for NOM removal during
membrane pretreatment [12].

The turbidity removal performance of the coagulants varied according to
the following order: PASiC >AICl, >PAC>AI, (SO,), and it could reach about
95; 94; 91,5 % and 90,5 % for PASiC , AICL,, PAC, AL(SO,),, respectively
[8].Residual aluminum of PASiC coagulation reduced to less than 4,1 mg/L
and for electrocoagulation was below 15 mg/L [4]. Scientific issues on the
association between Al and Alzheimer’s disease are pending resolution [8].The
residual aluminum ratio of the three coagulants varied according to the following
order: AL(SO,), > AICI, > PAC [8]. However, the residual aluminum in the
treated finished water was much below the acceptable potable water standard
of 0,2 mg/L.
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The comparison of PASiC coagulant and electrocoagulation used for
surface water treatment, demonstrated the practical advantage of PASiC
coagulant for water treatment in terms of effectiveness. Finally, concluded
that both PASiC coagulant and electrocoagulation method is a reliable, safe,
efficient and cost-effective method in removal of NOM from surface waters.
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Pe3rome. Ynanenue npupoaasix oprannyeckux pemiects (IIOB) siBnser-
csl OHOHM M3 Hambojee BaXXHBIX 3a/1ad MPU OYHCTKE MOBEPXHOCTHBIX BO/I.
Opnaxo ynanenue [1OB, nHaxomsiimuxcst B pacTBOpEHHOM (hOpMe WU B BUJIE
CYCIIeH3WH, HE HACTONBKO 3(h(HEKTUBHO, Kak 3TO TpedyeTcs mpu padoTe BoO-
JIOOYUCTHBIX cOOpykeHUl. V3yueHo BIusHUE MyTHOCTH, OOIIET0 OpraHu-
yeckoro yriepona (OOY), ancopobiuu [IOB mpu nnwHe BoaHBI 254 HM
(VD254 um), XTIK, me109HOCTH B MPOIIECCE AIICKTPOKOATYISIINY U TIPH UC-
MOJIb30BaHUU KOMITO3UTHOTO YETHIPEXXJIOPUCTOTO KPEMHHUS MOTUATIOMUHUS
(KYKITI). Mokazano, uto KUKII nmpu ontumanbHOM KoHIIEHTparuu 1:107—
5103 nm*/am3 mo3BostsieT cHu3uTh OOV, XTIK, Y®254 u MyTHOCTH COOTBET-
cTBeHHO Ha 93,8; 93,5; 63 u 95%. DkcniepuMeHTaIbHbIE PE3YIbTaThl CBUIE-
TEJBbCTBYIOT 0 3HaunTeNpHOM npenmyniectse KUKII no cpaBHeHuto ¢ npo-
meccoM nJeKTpokoaryiasnuu npu ynaieHuu [IOB m myTHOCTH U3
HEOUHIIEHHON BOAbl. OCTaTOYHEIA AIFOMUHHI B OUHIIIEHHOM BOJIE HAXOIWII-
Cs HUKE HOPM, PEKOMEHIyeMbIX BceMupHON opranu3anueit 3aqpaBooxXpaHe-
uus (0,2 mr/am?), ams oboux mporeccoB. Takum 00pa3oM, MOKHO CIeiaTh
BbIBOI, 4TO KUKII 1 anexTpokoarymsimus sBIsSOTCS HaASKHBIMUA U dDdek-
TUBHBIMHU MeToJaMu i yaaineHus [10OB u3 noBepXHOCTHOW BOJIBI.

Pe3rome. Bunanenns npupoauaux opraniuaux pedoBuH (ITOP) € oqaum 3
HaWO1IBII BOKIMBUX 3aBAaHb MPU OYUINEHHI TTOBEpXHEBUX BojA. [Ipore BU-
nanerss [TOP, mo 3HaxonaThCs B pO3UnMHEHIH popMi a00 Y BUTTISII CYCIICH31H,
HE HACTIJIbKH €EKTUBHO, 5K II€ MMOTPIOHO MPU POOOTI BOJOOUYUCHHUX CITOPY/L.
BuBueHnii BIUIMB KaJlaMyTHOCTI, 3arajibHOTO opraHigHoro Byrierio (30Y),
aacopo6tii [TOP mpu noexuni xBuii 254 am (YO254 um), XIIK, myxHOCTI B
MPOIIECi JIEKTPOKOATYIIAIIT 1 MPU BUKOPUCTAHHI KOMITO3UTHOTO YOTHPHOX-
xjopicroro kpemHito nosiamominito (KUKII). [Tokazano, mo KUKII mpu on-
TUManbHid KoHIeHTpamii 1103 — 5:10° aM*/am® nos3sossie mouusuta 30V,
XIIK, Y254 i kanamyTtHicTh BianoBigHo Ha 93,8; 93,5; 63 195%. Excriepu-
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MEHTaJIbHI Pe3y/IbTaTh CBiuarh npo 3Hauny nepesary KUKII B mopiBHsHHI 3
MpoIIecoM eJieKTpoKoarysiiii mpu BugaineHHi [TIOP 1 kanamyTHOCTI 3 HEOUH-
[IEHOT BOIM. 3AJUIIKOBUNA AJFOMIHIA B OUYMILEHIN BOAl 3HAXOIAUBCI HIKINM
32 HOPMH, 1110 PEKOMEHIYIOThCS BCeCBITHROIO OpraHi3aIliero OXOPOHHU 3710pO-
a'y (0,21 &ai %), nns 060x mporeciB. TakuM YMHOM, MOKHA 3pOOMTH BHCHO-
BOK, 1m0 KUKII i enexTpokoarynsiis € HagiitHUMU 1 €ePEeKTUBHIMHU METOTaAMH
s BuaaneHusa [IOP 3 moBepxHeBoi BOMIH.
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