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 In the present study, an active component of Moringa peregrine (MP) was used in 
comparison with ferric chloride (FeClƒ ) for the conditioning of water treatment sludge. The 
comparison was based on dewatering characteristics of the conditioned sludge determined by 
capillary suction time (CST), specific resistance to filtration (SRF), tests of time of filtration 
(TTF) and sludge cake moisture content. The results indicated that MP showed relatively 
comparable conditioning effect as ferric chloride. Sludge conditioned with ferric chloride, 
showed better results than MP. According to CST, SRF and tests of time of filtration (TTF) and 
sludge cake moisture content results, optimum dose for MP, and ferric chloride was 100 ml/l. 
From the results of the study it could be concluded that MP alone could be effectively used and 
replace ferric chloride for dewatering of water treatment sludge.   
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 There are several approaches for sludge 
management such as conditioning, dewatering, 
thickening and safe disposal to the environment. 
Since sludge contains water, any of the dewatering 
mechanisms with or without prior conditioning 
could be used to reduce water volume. According 
to Metcalf and Eddy (2003), the moisture content 
of sewage sludge is reduced from 90–99 to 65–85% 
using chemical conditioning. There are mechanical 
systems such as belt filter presses, centrifuges or 
gravity drainage and evaporation as in sand drying 
beds, for conducting dewatering process. In many 
areas, where the land is cheap and the climate 
condition is favorable, sand drying beds is a popular 

approach. In other respects, mechanical dewatering 
systems are good options. Procurement and running 
costs of mechanical systems are expensive in the 
developing world so sand drying beds can be a good 
option. The effective factors for gravity drainage 
depend on the nature of sludge, applied depth and 
extent of conditioning. In another study, in order 
to prepare the sewage sludge, a combination of 
polymers and substances such as sewage sludge 
ash, cement kiln dust, and bagasse were used. 
This was a successful combination for dewatering 
primary sludge from a wastewater treatment plant 
(Benítez, et al., 1994). Novak and Langford (1977) 
showed that air-drying is an effective procedure. 
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Only the upper layer of unconditioned sludge 
would dry. In order to reduce the land requirement 
of sand beds, these important effects should be 
considered. There are various chemicals for sludge 
conditioning including ferric chloride, alum, lime 
and organic polymers.  
 The costs of chemical conditioning are 
more than half of the costs associated to sludge 
management and handling (Christensen and Stulc, 
1979). Reducing such conditioning cost using 
available natural coagulants encourages water 
treatment plants in the developing countries to 
handle and dispose sludge properly. 
 Among the natural substances, the ability 
of Moringa Peregerina seeds powder for sewage 
treatment has been proven. Moringa, native to parts 
of Africa and Asia, is the sole genus in the flowering 
plant family Moringaceae (Mozaffarian, 2002).
 Moringa as a tropical fast growing tree 
uses very low water. Seedpod is in the form of 
a drumstick. The tree measures about twelve 
meters in height and produces seed during the 
first year (Ndabigengesere et al., 2006). Folkard 
and Sutherland (1999) showed that the optimal 
concentration of Moringa to treat water is between 
50 to 30mg per liter. In addition, this optimal 
concentration depends on the inlet water properties 
for treatment. 
 At a concentration of 20 to 60 mg / L and 
pH of 7 to 8.5, color reduction efficiency is 56 to 
67%, while the color reduction efficiency of sodium 
chloride and potassium chloride is 53 and 64%, 
respectively (Krishna Prasad, 2008). 
 Ndabigengesere et al (2006) evaluated the 
performance of Alum and Moringa seeds for water 
treatment. They concluded that 80ml/L of Moringa 
can reduce the turbidity of water from 201 to 13.9 
NTU and the efficiency is 93%. 

 Economically, in addition to the fact that 
the water turned into sewage is unusable, it also 
contaminates the surface water and groundwater 
source (Yazdani, 2009). Therefore, water as 
a limited critical source has been endangered 
in the world. Due to the health and economic 
considerations, attention to the production, 
collection and refurbishment of sewage is necessary 
and inevitable. In this research, water treatment was 
carried out using Moringa Peregrina seed powder 
and ferric chloride in such a way that it can be 
discharged into the environment. 

Methodology

Sludge Sample
 Sludge samples were obtained from the 
sedimentation tanks at Tehranpars water treatment 
plant. Ferric chloride is used as a precipitation agent 
for surface water treatment. The samples were 
stored at around 4 æ%C. Before each experiment, 
in order to bring the sludge to room temperature, 

table 1. Characteristics of raw sludge from Tehranpars water treatment plant

Method of analysis Mean value Range Parameter

Standard method (2540 B) 4.24 4-4.49 Total solids (TS, %)
Standard method (2540 E) 80.18 75-90 Volatile solids (g/kg TS)
JENWAY-3510 pH meter 7.61 7.45-7.89 pH
Buchner funnel 1260 1080-1860 TTF (s)
Buchner funnel 1.61 2.373-1.374 SRF ()
MRCST apparatus, reservoir  44 36-52 CST (s)
with 18 mm in diameter

Fig. 1. Time to filter (TTF) test equipment
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Fig. 2. SRF values at different doses of FeCl3 and MP

Fig. 3. CST values at different doses of FeCl3 and MP

the required volume of sludge was put outside the 
cooling room. Table 1 shows the characteristics of 
raw sludge sample. 
Conditioning Chemicals
 The materials used for conditioning were 
MP and ferric chloride. MP was obtained from 
the south of Iran. The seeds were stored at room 
temperature. The seed cover was removed just 
before the extraction and the kernel was powdered 
using a kitchen blender. 10 g powder was dissolved 
in 100 mL NaCl solution (1 M) to make a 10% 
solution and consequently the coagulant of MP 
seed was extracted. A magnetic stirrer was used to 
blend the solution for about 30 min. First, a 500 ìm 

then a 100 ìm pore size filters were used to filter the 
suspension. In some cases, to evaluate the effect 
of filtration, the MP solution was not filtered. The 
results showed that there was no difference between 
filtered and non-filtered solutions. Based on TS, VS 
analysis and MP organic nature, it was determined 
that the amount of effective material to prepare 
10% MP solution (100000 mg/l) is 73400 mg/l at 
105 and 550, respectively.
 Laboratory analytical grade ferric chloride 
was prepared in 5% solution. Fresh MP and ferric 
chloride solution were prepared during each 
experiment. 
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Fig. 4. TTF values at different doses of FeCl3 and MP

Fig. 5. Solids concentration from sand column for varying doses of FeCl3 and MP

experimental methods
 A jar test apparatus was used to conduct 
sludge conditioning test. This apparatus has stirrer 
with speed control and three beakers (1 L size). 
Different amounts of conditioning chemicals were 
added to the beakers having sludge volumes of 250 
mL. Conditioning process was done by using jar 
test apparatus, Rapid mixing was conducted at 100 
rpm for 1 min and the intensity was reduced to 40 
rpm and mixed further for about 15 min.

dewatering
 In order to conduct the dewatering 
experiments, a 9 cm standard Buchner funnel with 
a Whatman No. 1 filter paper, multi-radii CST 
(MRCST) unit (model TW 166 triton Electronics 
Ltd.), and sand columns were used.
 Both Buchner funnel experiments and a 
MRCST unit were used to estimate SRF values. 
The suction pressure applied was determined 
49 kPa during the Buchner funnel experiments. 
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Filtrate volume, time and cake solids content were 
recorded. In order to estimate the SRF, slope of 
the curve of time/filtrate volume versus filtrate 
volume was used. In the MRCST unit, CST and 
SRF were measured using stainless steel tubes with 
an inner diameter of 10 and 18mm and a specific 
CST filter paper. It was also measured the time of 
filtrate wetting of the filter paper as the wet surface 
moves across several concentric circles of sensors. 
The manufacturer specifies that the second probe 
places at the same position as that of the standard 
CST apparatus. The reading at this probe was 
considered as the CST of the sludge. Manufacturer 
instructions were followed to estimate CST and 
SRF. The following formula was used to calculate 
SRF (Novak and Langford, 1977; O¨ zacar and 
Sengil, 2000).

SRF= 2A2Pb/Cµ

where A, the area of the filter cake (m2);
P, the filtration pressure (N/m2); 
µ, the viscosity of filtrate ((N s)/m2);
C, the sludge solids concentration (kg/m3);
b, the slope of the plot of time over filtrate volume 
against filtrate volume (s/m6). 
 From MRCST, P value was assumed 49 
kPa for calculation of the SRF data.  It is equal to 
the pressure normally set by the Buchner funnel 
apparatus. Average sludge solids concentration was 
about 0.03 g/mL.
 There is a good correlation between the 
results of SRF obtained from the MRCST apparatus 
(18mm diameter reservoir) and those obtained from 
a Buchner funnel filtration (correlation coefficient 
of 0.82). Hence, MRCST unit experiments provide 
SRF data reported in this paper. 
 In this study, time to filtration (TTF) is 
determined using an apparatus. Figure 1 shows 
TTF test equipment. 
Analyses
 CST, and SRF, Time to filtration 
method (TTF) was used to measure the sludge 
dewaterability. According to the standard methods 
such as APHA, AWWA and WEF (1995), total 
solids concentration of sludge cake samples 
from the Buchner funnel filter and sand bed were 
measured.

ReSultS And diSCuSSion

 The reduction of CST and SRF values 
showed that conditioning of the sludge with ferric 
chloride and MP improved the dewatering capacity. 
Accordingly, both ferric chloride and MP could be 
used to improve ferric chloride sludge filterability. 
Comparing both coagulants, ferric chloride 
had a slightly better performance. MP could be 
considered as the suitable coagulant, taking into 
account chemical cost, quality of sludge and sludge 
volume that should be handled.   
Specific resistance to filtration (SRF)
 Figure 3 shows the results of SRF for 
ferric chloride-, MP- conditioned sludge. Both 
coagulants reduced the SRF of the raw sludge. 
The optimum dose for both MP and ferric chloride 
was around 100 mL/L. As the figure shows, doses 
beyond the optimum values did not reduce the 
SRF value further. Average SRF values of MP-, 
ferric chloride- conditioned sludge at the respective 
optimum doses were 1.21×1013 and 0.976 × 1013 
m/kg, respectively.   
Capillary suction time (CST)
 There was a similar trend in CST values 
for the conditioned sludge as in SRF. Figure 4 
shows a typical result at different coagulant doses. 
Optimum dose for both MP and ferric chloride were 
100 mL/L. The average CST value at optimum 
doses for MP-, ferric chloride- conditioned sludge 
were 19 and 9 s, respectively. The second probe of 
the MRCST apparatus was read to determine CST 
values as stated by the manufacturer. 
Time to filtration and solid cake moisture
 CST, and SRF, Time to filtration method 
(TTF) only measure the sludge dewaterability 
and provide no information about the amount 
of moisture in dewatered sludge (some water in 
the sludge is in the form of bound water which is 
not easily removed by mechanical methods). In 
other words, the sludge may easily be filtered, but 
plenty of water will remain in the dewatered sludge 
(Chen et al., 2001). So, two methods of TTF and 
sludge cake moisture were used simultaneously to 
measure the sludge dewaterability of feCl3 and MP. 
According to figure 5, at the same dosages, ferric 
chloride provides the less time to filtration and 
more efficient dewaterability compared to MP.   For 
example, at dosage of 100 mL/l in which the value 
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of TTF is at the minimum level for both coagulants, 
the solid cake moisture of MP and ferric chloride 
is 91% and 76%, respectively. The minimum solid 
cake moisture of MP (82%) was observed at the 
dosage of 40 ml/l.

ConCluSionS

 In this study, the effectiveness of an 
extract from Moringa Peregrina (MP) and ferric 
chloride for conditioning sludge from Tehran 
water treatment plant was compared. CST, SRF, 
TTF and solid cake moisture were used to conduct 
the comparisons. The following conclusions were 
made.
 Optimum dose of MP and ferric chloride 
for maximum CST and SRF reductions was 100 
ml/l. The minimum solid cake moisture for MP and 
ferric chloride was observed at the dosages of 40 
and 100 ml/l. 
 The results showed that MP and ferric 
chloride had relatively similar conditioning 
performance for water treatment sludge. Thus, MP 
alone could be a promising coagulant system for 
effective water treatment. 
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