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Abstract
The chemical coagulation-flocculation technology is touted as one of the valuable techniques and widely used for wastewater treatment because of its
simplicity and effectiveness. So far, a number of flocculants have been fabricated to ameliorate the flocculation process in water treatment such as alum,
polyaluminium chloride. Despite its broad application in water treatment,
accumulation of alum in sludge has been reported as the main source of a
disposal problem. Furthermore, recent studies suggested that the presence of
alum in sludge may lead to human health problems. Here in, we have used
alkalization method to recover alum present in sludge collected from Kimisagara water treatment plant located in Kigali capital city of Rwanda. The recovered alum was used more than one time and showed excellent flocculation
efficiency. Some physical parameters such as pH, Total Suspended Solids
(TSS), Total Dissolved Solids (TDS), Conductivity and Turbidity were systematically tested and compared with those of World Health Organization
(WHO) and Rwanda Standards Board (RSB) standards for drinking water.
The results showed that alum present in sludge can be recovered and reused
for multiple times.
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1. Introduction
One of the country’s development indicators is the availability of safe and clean
drinking water. Previously WHO/UNICEF report has shown that almost 663
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million of the population all over the world don’t have an access to safe drinking
water (Wondimu, 2016). The safety of the drinking water is globally controlled
by international guidelines set by WHO and as well implemented by the national
institute of standardization in some countries. The availability of safe and
low-cost drink water by 2030 is one of the important goals of the Sustainable
Development Goals of the United Nations (SDG6) (United Nations, 2018).
Therefore, the progress in water treatment technologies plays a crucial role to
reach this goal.
So far, several traditional and advanced techniques have been developed and
used to treat wastewater including ion exchange, precipitation, membrane filtration, flotation, adsorption, solvent extraction, coagulation, and flocculation
(Gunatilake, 2015). Among these techniques, coagulation/flocculation is one of
the most broadly used to remove suspended and dissolved solids, colloids and
organic material from wastewater (Raimon & Said, 2017). Coagulation and flocculation are the essential pre-treatment technique employed by water industries
around the world for water treatment (Joshi & Shrivastava, 2011). The effectiveness of coagulation depends on many factors including the applied coagulating
agents, the dosage, the solution pH and the concentration and the nature of the
organic compounds present in water (Sher, Malik, & Liu, 2013). The widely used
coagulants are iron, poly aluminium chloride, and alum salts. These coagulants
promote particles agglomeration by reducing the electrostatic particle surface
charges in the acidic pH region prominently where hydrolyzed metal species are
abundant (Sher, Malik, & Liu, 2013). However, aluminum salts are an excellent
commonly used coagulant to reduce so many particles from wastewater, but it is
still challenging to deal with the wastes (sludge) produced after the treatment.
During water treatment where alum is used as a flocculant, Aluminum reacts
with water by forming an insoluble aluminum hydroxide floc which removes the
fine suspended and colloidal impurities and leads to a production of a huge
amount of alum sludge (Joshi & Shrivastava, 2011). The produced alum sludge
can be a source of toxic aluminum that may cause many serious environmental
problems such as water pollution, changes in soil properties and leachate chemistry (Kluczka, Zo, & Ciba, 2017). Furthermore, previous researches have also
reported that aluminium has a potential link to Alzheimer’s disease (Niquette et
al., 2004). Aluminum is indeed known to be the cause of the toxicity of the marine habit. Many studies have revealed a remarkable toxicity of aluminum on
fishes (Price, 2013). Aluminum in water has proven to be responsible for chronic
toxicity in various species such as sub-lethal effects of a reduction in appetite,
metabolism, and behavior in rainbow trout (Oncorhynchus mykiss) and polychaetous annelids (EPA, 2005). All of these previous studies have shown that
alum or aluminum content in environment would lead to the serious environmental pollution.
The reuse of chemical sludge can be employed to minimize the coagulant
usages or to increase the removal efficiencies (Jangkorn et al., 2011). Recent stuDOI: 10.4236/gep.2018.612018
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dies have shown that the alum sludge is used at the concentrations of 100 - 180
mg/L to improve the removal efficiency of lead from 79% to 96% - 98% resulting
in the reduction of fresh alum from 175 mg/L to 50.0 - 12.5 mg/L (Chu, 1999)
and to remove the hydrophobic dye from the textile wastewater at the removal
efficiency of 88%, resulting in the reduction of fresh alum requirement by
one-third (Chu, 2001). According to the previous literature, the main methods
used to recover the alum from the disposal of water treatment residual include
acidification, alkalization, membrane separation and ion exchange (Xu et al.,
2009). Since aluminum hydroxide Al(OH)3 is an amphoteric compound, it can
be dissolved in an acidic or alkaline solution. It also reacts with an acid to form
soluble aluminum ions (Joshi & Shrivastava, 2011).
The aim of this study as shown in the flowchart (Figure 1) is to recover alum
from water treatment residue collected from water treatment plant and reuse it
as a flocculant agent for water treatment. We have used alkalization approach to
extract alum from sludge and reuse it to treat water. This study proves that alum
present in sludge can be importantly recovered and reused which may reduce
the risk of environmental pollution as well as cost saving to access to safe and
clean water.

2. Materials and Methods
2.1. Sample Collection and Characterization
The samples were collected from Kimisagara water treatment plant located in
Kigali capital city of Rwanda. At the treatment plant, after flocculation the
sludge was discharged in two different sedimentation tanks. The sludge samples
were collected from those two different sedimentation tanks. The raw water
sample with brown color from Yanze River situated in Kanyinya Sector, Nyarugenge District, was taken at raw water tank. Table 1 summarizes the characteristics of the collected raw water before treatment.

Figure 1. Flowchart showing the alum recovering and reuse. This flowchart indicated
how alum in sludge after being recovered was introduced to the raw water as flocculants
agent. For every cycle alum is extracted from the produced sludge and then used for further water treatment.
DOI: 10.4236/gep.2018.612018
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Table 1. Characteristics of raw water.
Parameters

Units

PH

values
7

Turbidity

NTU

89.7

Conductivity

µs

378.5

TDS

mg/l

190.5

TSS

mg/l

5

2.2. Sludge Pretreatment
To allow aluminum released from the sludge, 2 g of alum sludge were accurately
weighed and dissolved with 5 mL mixture of concentrated nitric acid and perchloric acid in 2:1 (v/v) portion followed by gentle boiling at 60˚C in 15 minutes,
then at 120˚C for 75 minutes in a hood. The solution was cooled, filtered and
dilute to 200mL.

2.3. Determination of Aluminum Concentration in Sludge
For the calibration of Inductively Coupled Plasma Emission (ICPE) machine
(ICPE-9800, Japan), 49.42 g of AlCl3 were weighed and dilute to 100 mL with
distilled water. It was labeled properly as 100 ppm (parts per million) Al3+. From
this solution 0.05, 0.10, 0.20, 0.30 and 0.50 mL aliquots were pipetted into 5
cleaned volumetric flask and dilute to 25.0 mL with deionized water. These solutions gave 0.2 to 2.0 ppm of Al3+. Their absorbance was taken using ICPE and
the machine gave the calibration curve for Al3+. The amount of Al3+ was determined in our digested sample per 100 mL of a solution in ppm (mg/L). This determination was repeated and the average was reported.

2.4. Recover of Alum Using Alkalization Method
Alum was extracted from sludge following the previously reported techniques
(Abdo, Ewida, & Youssef, 1993). In brief, since aluminium is present in sludge in
form of hydroxide, the sludge was treated by NaOH to bring back alum in solution in form of sodium aluminate (NaAlO2) (reaction 1). Since the produced sodium aluminate hasn’t enough coagulant properties as sodium aluminium sulfate so sufficient amount of sulphuric was added to produce aluminium sulfate
and also adjust the pH.

Al ( OH )3 + NaOH → NaAlO 2 + 2H 2 O

(1)

2.5. Flocculation Process
Raw water flocculation was carried out by mixing water from Yanze River collected at water treatment plant with different volumes of the recycled alum. In
brief, 50 mL of raw water was poured in 3 beakers of 200 mL and stirred by a
magnetic bar to make the solution homogeneous followed by addition of 10 mL,
30 mL, and 50 mL for each beaker. The debris residues were deposited on the
DOI: 10.4236/gep.2018.612018
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bottom of beaker as a result of flocculation. These experiments were done in
duplicate and the presented data was calculated by the average of two parallel
experiments.

3. Result and Discussion
3.1. Recovery of Alum from Sludge
The amount of aluminium in sludge from water treatment plant was 2877.5
mg/l. The alum was recovered from sludge for every cycle by alkalization
method (Figure 2) and the amount of aluminium within recovered alum was
tested using ICPE. The result shows that aluminium content in sludge decreases
with increasing the number of cycles. All of these findings clearly show that
alum content in the sludge can be extracted and used again.

3.2. The Change of pH with the Addition of Recovered Alum
pH is a measure of the relative amount of free hydrogen (H+) and hydroxyl ions
(OH−), the pH of water is a measurement of how acidic or how basic the water
is, the range goes from 0 to 14, and around 7 is considered neutral (Singer,
George, & Childers, 2012). pH is among important parameters of many chemical

Figure 2. Alum recovery for four continuous recycling.
Table 2. RSB and WHO standard for drinking water.

DOI: 10.4236/gep.2018.612018

Parameters

Unity

WHO standards
(WHO, 2011)

RSB standards
(RS2, 2012)

Our results

pH

-

6.5 - 8.5

6.5 - 8.5

7

TSS

mg/l

Not detectable

Not detectable

0.4

Turbidity

NTU

5 max.

5 max.

1.2

TDS

mg/l

600 - 1000

700

125

Conductivity

µS/cm

1500

-

255
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reactions. For instance, several marine environment reactions are monitored by
the pH change (Das & Mangwani, 2015). Furthermore, exposure to a high value
of pH has shown to lead to life risk such as exacerbation skin disorder and irritation of eyes. Exposure to extremely low pH values has also witnessed many
health problems including redness and irritation of eye and deterioration of the
epithelium (Gunatilake, 2015). In addition, because pH has great influences on
corrosion reaction of the metals it may also contain some indirect effect of
health (Durowaye et al., 2015). Even if pH does not have a direct effect on water
users, but it is still considered as one of the remarkable handling of water-quality
parameters. Therefore, a big attention has to be paid to pH control for all steps
of water treatment by ensuring the water clarification and disinfection. We have
investigated the pH changes along the recycling process (Figure 3). Our experimental results have shown that, the pH change as the number of cycles changes.
The slight change of pH as stayed in the range of 7 - 7.7 and the slight change 0.7
unit probably because of the presence of sulfate ions contained in the flocculating solutions which are a basic ions. The pH obtained after flocculation was in
the range of WHO and RSB drinking water standards, confirming that the
treated water may be used without any doubt of contamination caused by a high
level of acidity or alkalinity.

3.3. Effect of Recovered Alum on the Removals of TSS
Total suspended solids (TSS) are water quality parameter that is defined as the
quantity of material suspended in a known volume of water that is trappable in a
filter. These materials are mostly from different origin including animal and plant
mater industrial and home wastes, etc. (Yusoph et al., 2018). High concentrations
of suspended solids in water can cause many problems for stream health and aquatic life (Marla Sheffer, 2003). As shown in Figure 4, the number of suspended

Figure 3. The change of pH during alum recovering.
DOI: 10.4236/gep.2018.612018
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Figure 4. Effect of recovered alum on the TSS removal.

matters in raw water was reduced to a significant extent after the flocculation
with recovered alum. TSS removal efficiency increased with the increase the
flocculant when the doses of flocculant were 10 mL, the TSS was about 0.6 mg/l
but it decreased to 0.4 mg/L when the doses increase to 50 mL. The TSS removal
also decreases with the number of recovered times, for the first recovery, the TSS
was 0.4 mg/L which was increased to 0.6 mg/L for the fourth recovery. For all
cycles, the result indicated that the recovered alum are capable to reduce the TSS
from raw water.

3.4. Effect of Recovered Alum on the Removals of Turbidity
Turbidity is the measure of relative clarity of a liquid. It is an optical characteristic of water and is an expression of the amount of light that is scattered by material in the water when a light is shined through the water sample (Lloyd,
Koenings, & Jacqueline, 2013). Turbidity as a property of the clarity of a liquid,
it is among parameter that has mentioned by WHO as an indicator of safe
drinking water (Table 2). There are several materials that make water to be turbid such as organic and inorganic colored matter, plankton and other microscopic organisms (Myre & Shaw, 2006). Much cloudiness caused by turbidity in
drinking water has reported being health concern such as promoting pathogens
growth on water distributing tools system. We have used the recovered alum to
remove the turbid from raw water (Figure 5). As indicated in Figure 5, the recovered alum has impressively removed the turbidity elements and put it to the
range of WHO and RSB range for drinking water quality. It is shown in graph 5
that the turbidity removal increased with the increase in coagulant. When the
doses of coagulant was 10 mL, the turbidity was about 1.5 NTU but it decreased
to 1.2 NTU when the doses increase to 50 mL. The recovered alum solution has
shown the high capacity to remove the turbidity to the acceptable value of drinking
DOI: 10.4236/gep.2018.612018
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Figure 5. Effect of recovered alum on the removals of turbidity.

water. The turbidity removal also decreases with the number of recovered times
for the first recovery the turbidity was 1.2 NTU which was increased to 1.8 NTU
for the fourth recovery. All the values are in the permissible range (<5 NTU) as
drinking water standards which shows that the flocculation was successful and
impurities were reduced.

3.5. Effect of Recovered Alum on Conductivity and TDS
Total Dissolved Solids (TDS) is defined as all inorganic and organic substances
contained in water that can pass through a 2-micron filter. In general, it is the
sum of the cations and anions (include calcium, magnesium, sodium, potassium,
carbonate, bicarbonate, chloride, fluoride, sulfate, phosphate, and nitrate) in
water (Islam et al., 2016), while Conductivity refers to the number of dissolved
solids in water. It actually measures the ionic process of a solution that enables it
to transmit current (Meride & Ayenew, 2016). The relationship between TDS
and Electrical conductivity (EC) is a function of the type and nature of the dissolved ions (cations and anions) in the water (Thirumalini & Joseph, 2009). TDS
cause toxicity through increases in salinity, changes in the ionic composition of
the water and toxicity of individual ions. If the concentration of TDS and conductivity are high or low, it may affect many forms of aquatic life (Scannell &
Jacobs, 2001). The effects of recovered alum on conductivity and TDS were investigated for four continuous recovery cycles. As shown in Figure 6, it is clear
that after the flocculation the conductivity and TDS decrease with the increase of
flocculants. when the flocculants increase from 10 mL to 50 mL the TDS and
conductivity decrease from 127.6 mg/L to 125 mg/L (Figure 6(a)) and 256.8
µs/cm to 255 µs/cm (Figure 6(b)) respectively, But the conductivity and TDS
were increasing with the number of recovered times because of increasing the
ions in the recovered solution due to the high concentration of ions in raw
DOI: 10.4236/gep.2018.612018
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Figure 6. Effect of recovered alum on (a) TDS, (b) conductivity.

water. From the first recovery to the fourth recovery, the conductivity and TDS
increase from 255 µs/cm to 258.2 µs/cm and 125 mg/L to 130.9 mg/L respectively which may reach drinking water standard values after all water treatment
process.

4. Conclusion
Alum is widely used as coagulant for treatment of raw water in most of water
treatment plant. The sludge formed from these water treatment activities is disposed as waste and costs a huge amount of money for dealing with this waste
sludge. We have used alkalinisation methods to extract alum from sludge. The
main purpose of this study was to recover alum from water treatment residue
and use it as flocculants for further water treatment. The experimental results
showed that sludge collected from Kimisagara water treatment plant located in
Kigali, the capital city of Rwanda contains a significant amount of aluminum
(2877.5 mg/l) that could be recovered and be reused as flocculants agent for further use. The recovered alum has shown an excellent capacity to improve the
quality of raw water in the way that some parameters such as TDS, turbidity and
conductivity values dropped up to the range values of the drinking water standards as established by WHO and RSB. Recovering alum from water treatment
residue is indubitably reducing the environmental pollution caused by alum
sludge and would also reduce the cost of purchasing alum since the recovered
alum could be used for several times.
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