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The research work was carried with the obj~ctive of recovering alum from alum 

sludge which is a waste product from water treatment plants. The lmpresit water 

treatment plant was my case· study .Acid extraction method was employed in 

recovering the alum. During the alum recovery process from alum sludge, the 

sludge from the water treatment plant containing aluminum hydroxide was 

acidulated with tetraoxosulphate VI acid to produce alum from the hydroxide. The 

sludge was acidulated until a pH of 2 was gotten. Then it was 'left to settfe down 

for twenty four hours. The volumetric recovery was about 61 %. The aluminum 

content of the alum solution was 0.466mg/L while that of the recovered alum was 

O.3S7I11g/L for the unfiltered recovered alu'm solution and 0.379mg/L for the 

liltered recovered alum solution. This indicates that the aluminum content ,of the 

recovered alum was between 76% and 80%. 
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CHAPTER ONE 

INTRODUCTION 

Surl~\ce waler treatment plants particularly for large municipalities include a coagulation 

in which alum (aluminum sulphate) is commonly used in the co~gulation and clarification 

process. Alum is the most widely used coagulant for efficient removal of particulate solids and 

colloids frolll surl~lce water supplies in water treatment works around the world, During the 

treatment, alum is converted into insoluble aluminum hydroxide. Particulates colloidal and 

soluble contaminants are entrapped or absorbed on aluminium hydroxide flocs.This are a major 

component of the solid's water treatment plant sludge; which is also known as water treatment 

resid ual. The water treatment residuals (sl udge) is, essentially a bul ky, gelati nous slurry 

composed or suspended inorganic particles, natural organic matters, trace amounts of heavy 

metal precipitate and aluminum hydroxide (SenGupta and Prakhash, 2004). 

Water treatment plants in the United States of America alone produce over two million tons 

of aluminum - laden water treatment residuals (sludge) everyday. Because of the magnitude and 

pervasive nature 01-' the problem, the prospect of alum recovery from the sl udge and its possible 

re-lise has received considerable attention in recent years. A study of alum recovery and re-use 
~ -

was also performed by Malcolm, Pirnie Incorporated with assistance from the city of qurham, 

division of water resources. The purpose of the study was to investigate the potential alum 

recovery for solid rcducti<lIl and improve solid handle-ability, and to produce a supply of 

recovered alulll which can be recycled or re-llsed by the city (Malcolm, Pirnie, 1984). 

The Impresit water treatment plant is one of three water treatment plants which provide 

portable drinking water to the city of Minna, Niger state; and its environment. It is located at the 



Chanchaga Water:Works, Minna, Niger Slate. Treatment processes at the Niger state waler 

works includes screening, coagulation, flocculation, sedimentation and filtration. The ra{v water 

cOllles rrom a dalll located at about ten kilometers away from the treatment plant. It is passed 

through a sieve where screening takes place. This done was to remove large particles of debris. 

The water is then passed into a tank where coagulation takes place. Alum solution is passed into 

the yvater which makes the tiny particle to coagulate. Thereafter it is passed into a sedimentation 

lank where the noes formed settles down at the base or the tank. The water is then passed 

through a filter bed which traps any other particles that escaped from the sedimentation tank. 

Aller tiltration, the water is disinfected with chlorine then it is stored in the storage tank.(Water 

board manual,2002) 

However in the sedimentation unit the residue whieh is the sludge is discharged or 

dislodged at least twice a week and as the need demands. Current practice at the water treatnlent 

plant is to discharge the water treatment residuals (sludge) directly into the nearest body of 

water. The 'sludge from the four sedimentation tanks js dislodged;' it moves to the drainage 

designed f()r that purpose. The filtration unit is also backwashed to remove the accumulated dirt 

. 
'on it. This is done at least three times a week. The backwash waste water is collected by the 

drainage channel vvhen backwashing process is carried out. The drainage channels take the waste 

\valer directly to the nearest body of water. There is no form of treatment carried out on the 

sludge. (Water Board Manual 2002) 

The capacity or the solid facilities presently available in the water wOlls could be 

expanded so that treatment residuals (sludge) can be processed. I-Iowever, the difficulty will be 

the construction of an additional process unit where the sludge can betreated. The site where the 
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Impresit treatment plant is located is shared by two other treatment plants. Room would not be 

available to add any more process unit to the already existing ones. 

An alternative would be to construct a new plant on a different site and modification on 

the ill1presit pl,ll1ts be made. This modification should adequately address the potential for alum 

recovery and IT-USC. 

1.20B.mCTIVES 

The ·aim of this stuclyis the recovery of alum from the chemical sludge produced at the 

Itnpresit Water Treatment plant (Minna, Niger State) by acidic extraction. The effect of some 

operating parameters such as pH and settling time on the extraction efficiency is also 

investigated. 

1.3 SCOPE 

The focus of this research work was the potential for alum recovery to reduce pGllution of 

the water body located close to the Impresit Water Treatment Plant, at the Chanchag~l Water 

Works, Minna, Niger State. 
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CIIAP1"ER TWO 

2.0 LITERATURE REVIEW 

.1 HISTORY OF 'VATER TREATMENT 

The history of water treatment is still being written as discoveries continue to document 

ts origins. Howcver. there is evidence that even in ancient times; people saw the illlportance of 

reating water in some way before drinking it. (Wikipedia) 

In ancient Greek, and Sanskrit (Inelia), writings dating back to 2000B.C, water treatm:ent 

I 

ncthods were recOlllmended. People back then knew that heating water could purify it and they 

also educat.ed in sand and gravel filtration, boiling and straining. The major reason for 

water purification was for better drinking water, because people could not at that time di~tinguish 

between foul and clean water. Turbidity \vas the main driving forte for the earliest water 

treatments. Not much was known about micro-organic chemical contaminants (Baker and Taras, 

Ancient L:':gyptians treated water by siphoning water out of the top of huge jars after 

allowing the muddy water from the Nile River to settle. After 1500B.C, the Egyptians first 

discovered the principle of coagulation. They applied the chemicals for suspended particle 

settlement. After 50013.C, Hippocrates, known as the father of medicine discovered the heal'ing 

powers of water. He inverted the practice of sieving water and obtained thefirsl bag filter which 

was called the "I.~ippocratic sleeve". The main purpose of the bag was to trap sediments that 

caused bad tastes or odour. He directed people in Greece to boil and strain water before drinking 

it (Baker and Taras). In turn, the Romans passed water from the aqueducts through settling 

hasins to clarifY it (remove impurities). Back then, the focus was on the aesthetic quality of the 

water, i.e. if the water-was clear and had no smeiI, it was considered clean. (Wikipedia) 
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Artcr thel~dl of the Roman Empire, enemy forces destroyed many aqueducts, and others 

no longer applied. The future for water treatment was uncertain. Then, in 1627 A.D, the 

water treatment history continlled as Sir Francis Bacon started experimenting with sea water 

esalination. He attempted to remove salt particles by means of unsophisticated form of sand 

Iiltration. It did not exactly work, but it did paved the way for further experimentation by other 

scientist. (Baker and Taras, 198 I) 

III the 1700s, the first water fillers for domestic applications were applied. These were made 

or wool, sponge and charcoal. In 1804, the first actual municipal water treatment plant was 

designed by \Zoberri'n Scotland (Baker and Taras, 1981). It was the first water facility to deliver 

water to an entire town. It was built in Paisley, Scotland in 1804 by .Iohn Gibb, to supply his 

bleacher and the town. And within three years, filtered water was even piped directly to 

customers in Glasgow, Scotland (Wikipedia). 

In 1806, a large water treatment plant began operating in Paris. The plant's filters were made 

of sand and charcoal and were renewed every six hours. Water was settled for twelve hours 

bel()re filtration. In 1827, Englishman James Simpson built a sandlilter for drinking Weiler 

purilication (Wikipedia, the free encyclopedia). 

In 1854, it was discovered that cholera epidemic spread through water. The outbreak seemed 

less scvere in areas where sand tilters were installed. British scientist John Snow found that the 

direct cause of the outbreak was water pump contamination by sewage water. He applied 

chlorine to purify the water and this paved the way for water disinfection. Since the water in the 

plllllP had tasted and smelled, the conclusion was finally drawn that good taste and smell alone 

do not guarantee safe drinking water. This discovery led to governments starting to install 

Illunicipal \vater tilters and hence the first government regulation of r~ublic water (Enzler 1996) .. 
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clore the end of the century, the filter capacity was improved. It was also discovered that 

i1tration works much better when it is preceded by coagulation and sedimentation techniques. 

Ilowcvcr. ill 19021\.0, calciulll hypo-chloride and ferric chloride were mixed in a 

rinking water supply in Belgium, reSUlting in both coagulation and disinfection. In 1903 water 

Itening \vas inverted as a technique for watei' desalination. Also in 1906 ozone was Ilrst 

pplied as a disinlectant in France. Eventually, starting in 1914A.O, drinking water standards 

. 're being implemented for water supplies in public traffic, based on coliform growth. It v,iould 

oal until the 1940s before drinking water standards applied to municipal drinking :vater.' In 

~ 
1972A.O, the clean water act was passed in the' United States. Then in 1 974 A. 0, the Sate 

rinking Water Act (SOW A) was formulated. The general nrinciple in the developed world was 

that every person had the right to safe drinking water (EPA, 2(00). 

Starting in 1970A.0, public health concerns shifted /I'om 'water borne illness caused by 

disease causing micro-organisms, to anthropogenic water pollution such as: pesticide residue and 

sludge are organic chemicals. Regulations now focused on industrial waste and 

industrial water cOlltamination, water treatment plants were adopted. Techniques such as 

aeration, flocculation and active carbon adsorption were applied. In the 1980s: membrane 

developments lor reverse osmosis were added to risk assessment were enabled after 1990A.0 

([[>1\,2000). 

Water treatment experimentation today mainly focLises on disinfection by-prodllcts. An 

example is trihalolllethane (THM) formation from chlorine disinfection. These organics were 

linked [0 cancer. Leu<:F'also became a concern after it was discovered that it corrodes water pipes. 

The high pH level or disinfected water enabled corrosion. Today, other materials have replaced 
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water pipes especially 111 developed countries. ( Outwater, 1996). 

2.2PROCESSES INYOLygD IN WATgn TREATMENT 

Water is per!laps the most important nutrient in our diets. Some water sources can not be 

saldy lIsed to l11eet:(~ur requirements for drinking water. For instance, 99.7 percent ofthe Earth's 

water supply is not usable by humans. This un-usable water includes salt water, ice, and water 

vapour in the atmosphere. Only I'reshwater, which is contained in the rivers, lakes and 

underground sources. can be used lor human consumption. Furthermore, many freshwater 

sourecs are not suitable for humans to drink. (Casiday et al 2002) 

In addition to the water needed for drinking, humans use much larger amounts of clean 

I'reshwater in other applications. I--Ience, the quality of the fresh water is important for virtually 

every aspect or our lives. Thus, our water supplies are not pure. That is, these supplies cont~lin 

other species that may make the water unsuitable for human use. 

In response to this need, the government at all levels have formed organizations and 

passed legislations to monitor, treat and protect our water supplies. The Clean Water Act for 

instance in I <J72A.0 was passed and revised in 1978A.0. Later, the Safe Drinking Water Act of 

IlJ74A.0 (amended in 1986A.D and 1996A.D) established minimum federal public-health 

standards for water supply. (As adopted by Enzler, 1996). 

Nigeria is not left out. Section one sub-section 15, number one ot; the Federal Environmental 

Protection Agency Act provides a regulation too. - It says: the agency (FEPA) made 

recommcndations to the President, Commander-in·-Chief of the Armed Forces for the purpose of 

establishing water quality standards for the inter-state water of Nigeria to protect the public 

health or 'vvell~lre and enhance the quality of water to serve the purpose of the Act. (As adopted 

,by Azeez 20(0) 
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Public water facilities treat our water to make it safe for us to drink and appropriate for 

ther human uses. There are four major steps in the treatment of our water. They are screening, 

sedimentation, filtration, and disinfection. 

SCREENING 

Surfilce waters (waterfi'om lakes and rivers) onen have large debris such as sticks, 

kaYes, fish and trash floating on it. These objects must be removed before the water enters the 

treatment plant. Treatment J1:lcilities have large screens covering the site of water intake. This 

ensures that the large debris is removed. The screen must however be cleaned periodically to 

remove any object that have become stuck, so that they do not clog the screen and impede water 

flow into the plant. (Casidey et al 2002) 

SEDIMENTATION 

Other suspended (insoluble) particles, such as sand and dirt, are small enough to pass 

easi Iy through the sci'tens. These particles must be removed li'om the water by another means 

called Sedimentation. This is achieved by two processes known as flocculation and coagulation. 

These processes are used to create larger particles that will settle quickly to the bottom. In 

flocculation, small particles with non-rigid surfaces are made to agglomerate by mixing the 

water. When the agglomeration of the particles gets large enough, the aggregate can settle in still 

water, by sedimentation. Other sllspended particles that did not agglomerate are used by 

coagulation. Coagulation is the process of gathering particles into a cluster or a clot, ollen 

achieved ~1Y the addition of some special chemicals known as coagulants. The most common 

coagulant used in water treatlllent ltlcilities is aluminum sulphate (alum, AL2 (S04) 3). Others 

include pol)~-allll11inlllll chloride, ferric chloride, and ferric sulphate. These salts react with ions 

naturally I<nllld in the water to produce a solid precipitate. As these precipitates /orm, other 
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particles arc caught in the solid forrning a mass that will settle to the bottom via sedimentation. 

(Cas ide)" etal, 2002) 

2.2.3 FILTRATION 

Onen, the particles generated by precipitation are too small to settle etliciently by 

sedilllentati()n. Filtration is therefore employed to remove these solids. In this process, water 

cOlltaining solid impurities (e.g. precipitates from water softening) is passed through a porous 

mcdium,typically layers of sand and gravel. The force of gravity is uscd to push the water 

through the mediull1. The small water molecules pass through the holes between the sand and 

gravel pieces. 

Howcver, the solids (hom precipitation) get stuck in the holes, and are HlUS retaiiled in the 

porous medium. The water that passes through the bottom of the filter no longer c~ntains those 

solid impurities. Pressure fillers have also been standardized during the last 50years, but limited 

to small plants. Expericnce is still lacking for plants that are very large. (Culp etal 1986) 

Gravity filters at water treatment plants have a pipe feeding into the under drain, the bottom 

layer where' the dean water is collected. By adding water to the filter through this pipe, clean 

water can be forced upward through the filter to remove the solids that had been collected in the 

filter. This process is used to dean the filter. (Casidey ~tal 2002) 

2.2.4 DISINFECTION 

In many water supplies, the most serious health threats are posed not by chemicals, but 

by infectiolls organisms (bacteria) in the water. Chlorine is a major disinfectant that is cheap and 

kills most or the seriolls disease causing bacteria in the water. However, chlorine disinfection 

rcsults in a wide )lhricty of by-products. One class of chorine by-products, known as tri-h<ilo-
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methane (TH M) are sllspected carcinogens. Because of the concerns about these by-products in 

the water supply, chlorine is now kept in minimal levels and other methods of disinfection are 

being used more li·equently. Chloramines form morestable disinfectants and pose less risk of 

hannl'lil by-products. but cost more to use. Other methods locus on removing the organisms 

through coagulation, seclimentation and improv€d filtration. 

Uelow is allowchart that shows the path water takes in the intake of the water treatment 

plant to the storage tank, from which it is pumped to hOllles. businesses and industries. This lllay 

vary in steps and sequence from one treatment plant to another. 

Screening Disinfection 

Intake _\=,/_. -~~ SEDIMENTATION '.)1 FILTERS 
\ / CU\.RIFIES f--"l·:-" ---7. 

Flocculation 
and 

Coagulation 

Precipitation 

Fig 1.1 Schematic diagram of a water treatment plant. 

2.3. () ALUMINUM SULI'HATE 

Disinfection 

I J ) Storage 

Aluminum sulphate (alum) is one type of flocculant. Flocculants or flocculating agents 

are chemicals that are used to promote flocculation by causing colloids and othel: sllspended 
Ii 

particles in liquids to aggregate, torming a 'floc. Flocculants are used in water treatment 

processes to improve the sedimentation or filterability of small particles. For example, a 

Ilocculant may be used in swimming pools or drinking water filtration to aid the removal of 
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microscopic particles which would otherwise cause the water to be cloudy and which would be 

dirticult or impossible to remove by filtration alone. 

l\ilany Ilocculants are multivalent cations such as aluminum, iron, calcium or magnesiUm. 

These positively charged molecules interact with negatively charged particles and molecules to 

reduce the barriers to aggregation. In addition, many of these chemicals, under appropriate pH 

and other conditions, react with water to form insoluble hydroxides which, upon precipitating, 
~ 

, link together to form 

long chains or meshes, physically trapping small particles into the larger Iloc. Factors such as 

pH, temperature and salinity can induce flocculation or influence the flocculation rates. 

Aluminum sulphate could also serve as a coagulant. The terms i10cculants and coagulants are 

sometimes used interchangeably, but it is more accurate to use the tefll1 coagulant i()r a chemical 

that contributes to molecular aggregation rather than particular aggregations. Usually, dissolved 

substances are aggregated into microscopic particles by a coagulant and then these particles may 

be Ilocculated into macroscopic floc with a tlocculant. In general, coagulants will have higher 

net charge and a lower molecular weight than flocculants. Thus, coagulation is the irreversible 

clumping of particles that is; caking had occurred. 

The t<Jllowing are other chemicals that could serve as coagulants: 

I. Aluminum chlorohydrate 

· .. t .... • 

2. Calciulll oxide 

, 
Iron III chloride -" 

4. I ron 'II sulphate 

5. Sodium aluminate 

(). Sodium silicate 
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Other products that could be used as l10cculants but are natural produCts include: 

I. Chitosan 

') \'vIori Ilg~1 oki Il.:ra 

3. Papain 

4. A species of strychnos (seed) 

5. Isinglass 

6. Clay 

2.3.1 COMPOSITION OF ALUMINUM SULPHATE 

Alum is a.luminulll sulphate. Concentration and addition amounts are usually based 011 

either': 

<I. The equivalent amount of aluminum II oxide (AL203) or 

b. The equivalent amount of the hydrate AL20 3. 141-hO. 

Alum ismost.collllllonly delivered as a liquid concentration, havillg a solids level of 8.3% as 

AL
20 3 or about 50% as hydrate. Alum solutions are acidic. For instance, a I (1<) solution has a pH 

or about 3. Ionic species present in alum solutions aJ:e highly dependent on the degree of reaction 

with hydroxyl ions. It is tempting to say that "the composition is pH dependent". However, in the 
$; 

vicinity of pH = 4.3, the composition of alum solutions changes 'a great deal with very little 

change in pH. At pH = 3 and lower, the main species is c~ hydrated form ofalul11inum ion (AL3). 

At a pH close to 4.3, there may be oligomers such as AL I304oH4R 7+ or related species that 

contain sulphate. In a broad range of pH between about 6 and 9.5, the main species will be 

aluminulll hydroxide AL(OH) 3 (and possibly related species that contain sulphate). The solLible 

aluminate ion predominates at pH values greater than 9.5(lvlini-Encyclopedia). 
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2.3.2 OTHER USES OF ALUMINUM SULPHATE 

A general discussion of alum use strategies has to start with the subject of pH. At pH 

va1ucs 01' about 4.5; for example, lower alum can be described as a forgiving additive. Thus, the 

user has a lot 01' Ilexibility with respect to where and how much alum to be used for rosin, sizing 

and damage. 

Usually, alum is added aller rosin soap size to set the size onto the fiber surface in paper 

making. Alum plays a very effective role in alkaline paper making, even though the equilibrium 

species are uncharged. Apparently, the alum is able to rapidly complex with and neutralizes 

carboxylate species in neutral or alkaline furnish before it has reached its equilibrium 10\1lC 

composi tion. 

In summary, alum is used for drainage enhancement, rosin sizing, part of certain retention 

aid programs, dye:fi'xation, cal-ionic source, and acidic buffer. 

2.4 11iSTORY/ORIGIN OF ALUMINUM SULPHATE 

Aluminum potassium sulphate was used throughout the history of paper making until.the 

19th century. It was then replaced by the newly developed aluminum sulphate, a cheaper and 

more concentrated source of aluminum compound. 

In the mid 15th century, the first European alum mines were exploited in Tolt~, a volcanic 

area nprlh of Rome in central Italy. Slate and shale were other minerals which yielded alum 

whcn subjected to several production steps which can be summarized as extracted in water, 

potassium hydroxide was added to the resulting solution; the crude alum crystals which formed 

in the evaporating solution were rinsed and re-dissolved in boiling water to purify the alum; the 

solution was transferred to large wooden casks where the alum crystals formed on the inside 

13 



walls; andlinally the casks were dismantled and the crystals removed. Alum could be 

contaminated with by-products of its manufacture, iron-oxides and iron-sulphates. Iron 

compounds signilicantly impaired the performance of alum. The repeated re-crystallization of 

the alum elTectively freed it 11·om iron contaminants. 

, Ii 
Aluminum sulphate became an industrial product 111 the 19

1 
century. It was made by 

either bauxite or china clay with sui I'uric acid. It could not be conveniently purified through re-

crystallization because of its greater solubility in water. This is one of the reasons why it often 

contained varying proportions of silica, iron and free sulfuric acid. 

By the early 20lh century, commercial aluminum sulphate varieties were relatively 

uniform in quality. They were ranked according to grading systems and could be purchased in 

solid pieces as so-called "patent alum". Well known varieties include cake alum, porous alum, 

and turkey-red alum. Because of its greater concentration of alumina CAL20 3) and cheaper 

production procedures, aluminum sulphate saved mill expenses and therefore replaced aluminum 

potassium sulphate for most purposes in the mid_19
lh 

century. 

2.5 WASTE DlSPOSAL FROM WATER TREATMENT PLANT 

In the past waste products from water treatment plants were simply discharged to the 

nearest body or water. All waste products from water treatment plants could be disposed through 

disposal hu.:ilities. With increasingly stringent anti-pollution standards, disposal is however 

troublesome and expensive. However, some requirements must be considered and given , 

minimum requirements as state water pollution control' authorities may have more stringent 

requirements. Provisions are needed for proper disposal of water treatment plant waste such as; 

sanitary waste,:'I~~boratory waste, clarification sludge, softening sludge, and lilter backwash 
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water. In locating waste potential disposal facilities, due considerations shall be given to prevent 

potential contamination of water supply. 

Alternative Illclhods 01' water treatment and chemical lise should be considered as a 

means of, reducing waste volumes and the associated handling and disposal problems. 

Appropriate bacldlow protection must be provided on waste discharge plpll1g as needed to 

protect the public"water supply. 

2.5.1 SANJTARY WASTE 

The sanitary waste from the water treatment plants, p~lmping stations, and other water 

works installations must receive treatments. Waste from these facilities shall be discharged 

directly to a sanitary sewer system, when available and feasible, or to an adequate on-site waste 
, 

treatmcnt f~lcilily approved by the appropriate reviewing authority. 

2.5.2 PRECIPITATIVE SOFTENING SLUDGE 

Sludge II"om plants using precipitative softening' varies 111 quality and in chemical 

characteristics depending on the softening process and the chemical characteristics of the water 

being s()ftened. Recent studies show that the quantity of sludge produced is much larger than 

indicated by stoichiometric calculations. Methods of treatments and disposal are as follows: 

2.5.2 .. 1 Lagoons: - temporary storage lagoons which must be cleaned periodically should be 

designed. This should provide about two and a half years storage. At least two, but preferably 
"~ 

more lagoons l11ust be provided in other to giv~ tlexibility in operation. An acceptable mearlS of 

linal sludge disposallllust be provided. 
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2.5.2.2 The appl.ication of liquid lime or dewatered sludge to furm land could be considered 

as a method of ultimate disposal. Prior to land application, a chemical analysis of the sludge . . 

including calcium and heavy metals should be conducted. Approval from the appropriate 

reviewing authority shall be obtained. 

2.5.2.3 Discharge of lime sludge to sanitary sewer should be avoided since it Illay cause both 

liquid volume lind sludge volume problems at the sewage treatment plants. This method should 

be used only whcll the sewerage system has the capability to adequately handle the li',lle sludge. 

2.5.2.4 Mixing of lime sludge with activated sludge waste may be considered as a means of 

co-disposal. 

Mechanical de\vatering of sludge may be considered. Mechanical dewatering shall be 

preceded by sludge ~oncentration and chemical pretreatment. 

2.5.3 ALUM SLUDGE 

In a raw water treatment system III which alum is added to the water undergoing 

treatment and followed by steps including coagulation-flocculation, settling and filtering to 

produce product water, the treatment resultirlg in a sludge containing aluminum hydroxide. This 

sludge can be handled in a number of ways, including: 

I. Lagooning, which Illay be used as a method of handling alulll sludge. A lagoon is a body 

or water cut off from open sea. The size of a lagoon can be calculakd using total chemi~als used 

plus a nl(;tor for turbidity. 

2. Mechanical concentration may be considered. A pilot plant study is required before the 

design of a mechanical dewatering installation. Freezing changes the nature of alum sludge so 
,. 

that it can be used lor lill. 
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3. Acid treatment of sludge lor alum recovery may be a possibk alternative. This would be 

elaborated later in this chapter. 

4. Alulll sl~i(jgc can be discharged to a sanitary sewer. However, initiation of this practice 

, i 

would depend on obtaining approval from the owner of the sewerage system as well as from the. 

regulatory agency before final designs are made. 

, 
However, lagoons could be designed to produce an eftluent satisfactory to the regulatory 

agency and should provide 1'01' the lallowing: 

a. Location free li'om /looding 

b. Where necessary, dikes, de/lecting gutters, or other means of diverting surface water so 

that it does not now into the lagoon 

c. A minimum usable depth of five feet 

d. Adequate free board of at least two feet 

c. Adjustable decanting device 

r. Effluent sam,pling point Adequate safety provision, and 

g. A minimum or two cells, each with appropriate inlet and outlet structures to Elcilitate 

independent Ii II ing/dewatering operations. 

The successful use of mechanical dewatering depends on the characteristics of the alum 
.~ 

sludge produced, as determined by site specific studies. However, mechanical dewatering shall 

be preceded by sludge concentration and chemical pre-ti'eatment. 

Land apprication could also be considered, The a:lum sludge may be disposed of by land 

<lpplication either alone, or in combination with other waste where an agronomic value has been 

determined or disposal has been approved by the reviewing authority. 
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2.5.4 WASTg FILTER WASH WATER 

Filtration is one of the unit operation processes involved in the treatment of water. This 

lakes place in filter beds; which are washed from time to time. The process of washing the filter 

bed is known as backwashing. Waste filter wash water have suspended solids. These suspended 

solids should be reduced to a level acceptable to the regulatory agency before being discharged. 

However, the plants used as case study has its ~vaste filter wash water passed into the drainage 

channel and it is disposed into the nearest water body. It is recommencled that plants should have ~ 

constructed holding tanks that should return this water to the inlet end of the plant. The holding 

lank should have the capacity of containing the anticipated volume of waste wash water 

produced by the plant when operating at design capacity. 

A treatment plant that has two filters should have a holding tank that would contain the 

total waste wash waleI' ('rom bOlh filters calculated by Llsing, a fifteen minutes wash at twenly 

gallons per minute per square foot. In plants with more -tilters, the size of the holding tank will 

depend on the anticipated hours of operation. It is recommended that waste filter wash water be 

,:eturned at the rate of less than ten percent of the instantaneous raw material 11 ow rate entering 

the plant. 

2.6 ALUM RgCOVgRY FROM ALUM SLUDGE 

Aluminum sUlphate (commonly known as alum), AL2(S04) 3. I 41-bO is the most widely used 

coagulant I'or the effective removal of particulate solids and colloids from surface water supplies 

ill water treatmentplants around the world. A chemical sludge containing aluminum hydroxide, 

adsorbed organic matter and other water insoluble impurities is composed of aluminum 

hydroxide becau£e the aluminum sulphate is conveliecl essentially to it and it's the major 
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component of the sludge. The sludge generated must be disposed of in an environmentally sound 

Illanner. The sludge which could also be termed water treatment residuals (WTR) generated is 

composed or aluminulll hydroxide; this is because the aluminum sulphate is convelied essentially 

[0 aluminum hydroxide which is the major component of the sludge (between 25% and 60%). 

Other components of the water treatment residuals includes: suspended inorganic particles, 

natural orgailic m.aterials and trace amounts of heavy precipitates. 

Water treatment residuals 11'0111 the treatment plants were simply disposed into. the nearest 

of water, without any prior treatment. Disposal into landfills, water ways or through 

application to land is a concern in both developed and developing countries and it 'is receiving 

close scru~iny for its high aluminum conterit. Thus, there are anti-pollution standards in 

developed countries that have been put in place to checkmate these activities. For instance, in the 

city or Durham, North Carolina, the sludge generated in nearly all the treatment' plants were 

ultimately disposed of in a landlill. However, in the year 1973, it was estimated that about 25000 

tuns of alum sludge was produced in North Carolina each year. 

It has previously been proposed to dewater the waste sludge in a filter press, after suitable 

thickening and tt:eatment with lime, thereby; producing cake which can be trucked away and 

used lor landfill, etc. with large amounts of waste, large filter press capacity is required and new 

alulll supplied as required lor the treatment process. The disposal of alum sludge in a landfill 

results in the loss of a valuable alum asset and at the same til;le depletes the capacity of the 

land Ii II. 

Water treatment plants in other developed cOllntries e.g. the United States, alone 
.';. 

produces over t\,~O million tons of aluminum land water treatment residuals everyday. Also in 

Portllgal. an estimated amount 01' 66,000tollnes pcr year (wet weight) water treatment sludge is 
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being disposed of on land or at municipal solid waste (MS W) landfills (Boaventura et· al 

2000).Because of the magnitude of pervasive nature of the problem, the prospect of alum 

recovery li'om water treatment residuals and its re-use has received considerable amount of ' 

attention in the last three to four (3 - 4) years. Government restrictions to the practice of 

disposing this sludge on Jand or at municipal solid \",aste landfills as well as increasing 

deposition cost and the potential harmful impacts proceeding from the high alull1inull1, content of 

the sludge have also lead to significant research efforts inorder to evaluate different treatnient 

alternatives namely aluminum recovery and subsequent reus~. The dewatering and disposal of 

alum sludge add!;' significantly to the cost of treating water. Alum recovery and re-use could 

reduce those costs. 

In some developing countries, e.g. Nigeria, attention has not yet been drawn to this area. 

At the Impresit water treatment plant located in Chanchaga water works in Minna, Niger state, 

the 'water treatment residuals is disposed directly into the nearest body of water, thus, pollution 

the water body. There are no anti-pollution standards protecting these bodies of water. Even if 

there are, there is no law enforcing agency that ensures that these standards are not violated or 

the law is not broken. Alum recovery could be one of the standards as these would reduce the 

all10unt of alum wasted, ensure re-use and in the long run this would reduce cost. 

Systems have been described and attempts have been made to recover alum. Membrane 

based separation .and liquid ion exchange processes have been studied for this pui-pose. Acidic 

and alkaline extraction methods are still been explored to obtain~a product susceptible of use as 

coagulant for industrial waste water treatment processes (Boaventura et ai, 2000). 

Full scale testing was conducted at the Williams water treatment plant in 1985 to evaluate 
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alulll recovery. Two test vvere conducted, one in August and tbe other 111 September. The 

objectives were: . 

I. To evaluate alul11 recovery 

2. To determine the dewater-ability of the solids remaining after alum recovery on sand-

drying beds, and 

3. To evalu~~te the e Irecti veness of the recovered alum as a coagulant in the water treatment 

plant. 

Also, in the Allentown water treatment plant in Pennsylvania in the United States, attempts 

were made to recover alum through the acid digestion process in which the sludge is acidified 

with sulphuric acid. In addition, a simple to operate Donna membrane or Donna dialysis process 

was recently developed allowing selective alulll recovery from water treatment residuals. 

Alum i Illim sU.l pilate is recovered for re-use through the acid digestion process or acidulation 

01" the aluminum hydroxide in the sludge. In this process, the water treatment residuals (sludge) 

is sulTiciently acidified with sulfuric acid that insoluble aluminum hydroxide is dissolved in the 

1()!"In of dilute liquid alum. 'rhe supernatant liquid, which is rich in dissolved aluminum, is 

subsequently decanted. This is done using settling tanks; the remaining waste is drained off and 

thereafter neutralized and dewatered. 

The stoichiometry of this reaction can be written as follows for alum based water treatment 

residuals. 
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Although, the operation is simple, the process is non-selective; that is, along with alum, it 

recovers all other substances that are soluble under acidic conditions or that exists as colloids. 

Naturally occurring organic materials, which are generally removed quite well by alum 

coagulation will be present in the recovered alum as dissolved organic matters. If the recovered 

alulll is re-used as a coagulant, tri-halo-methane formation potential (THMFP) ,fn the treated 

~ 
water upon chlorination would tend to increase significantly. The non-selective dissolution 

would mean that toxic metals are also dissolved in the decanted alum. 

Furthermore, if all alkari digestion process is tried, given the atmospheric nature of aluminum 

oxide, the process will dissolve aluminum at a higher pH. However, the simultaneous dissolution 

or natural organic matters will still be an issue. More than seventy percent (70%) of the 

aluminum was recovered in twenty hours from the residuals of the Allenton plant. 
, 

Recovering alum using the Donna dialysis was a more promising alternative presented. The 

key features of the process are: 

I. Recovered alum is essentially free of natural organic matters and particulate matters. 

2. The 'concentration of aluminum in the recovered alum can be significantly greater than 

that in the water treatment residuals. 

3. The process works on an electro-chemical potential gradient across a cat-ion exchange 

membrane, avdiding fouling of the membrane caused by natural organic matters or particulate 

matters. 

4. The volume of disposable sludge is greatly reduced and sulfuric acid is the only chemical 

required li)r the process. 

The recovered alum by Donna dialysis vvas transparent and elear,with practically no 

, turbidity and naturally occurring organic matters; similar to fresh liquid alum. 
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These systems permit for recycling and recovered alum so that smaller amoLlnt of new alum 

is required. During the period of recycling, the acidulation may resolubilize precipitates formed 

durinl~ the water treatmenl process. The principal concern is likely to be iron and manganese. As 

recycling proceeds, they accumulate the recovered alum solution sufficiently to impair the water 

treatment or at least to become a potential problem. Other undesirable elements might also be 

present; this depends on the turbidity or the raw water. It is therefore advised that the recovered 

alum be eliminated at intervals depending on the composition of the raw water and other 

treatment conditions and new alum be used. 

- In summary, during the alum recovery cycle, sludge from the water treatment system 

containing aluminum-hydroxide is thickened, acidulated with sulfuric acid to produce alum from 

the hydroxide, and conditioned with an inert additive for facilitating filtering. The conditioned 

sludge is supplied under pressure to af~lter press to produce oak from the solids therein and a 

filtrate containing alum. The alum in the filtrate is then returned to the water treatment system 

~ 

f()I" IT-use. Although u' high percentage recovery of alunl is possible, it is unlikely to be one 

hundred percent in practice and new make-up alup1 is added as required. Under unusual 

conditions, where the al um recovery cycle might threaten the quality of the product water, 'the 

end of the cycle is initiated. 

2.6.1 ECONOMIC EVALUATION OF RECOVERY 
, 

Preliminary cost calculations indicate that the savings accrued from the re-use' of 

recovered alum anu lesser residual disposal costs will make the Pl'oposed process economically 

viable, particularly in large metropolitan areas where solid waste disposal is expensive and also a 

sensitive issue !loom a soeio~political view point. ' 
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The 'present practice of the disposal of alum sludge into the nearest body of water result 

in the loss of a valuable asset (aluminum sulphate, ~Ium) and at the same time pollutes the body 

or water. Thus, the dewatering and disposal of alum sludge add significantly to the cost' of 

treating water. Alum recovery and re-use reduces those cost and the overall cost of water 

treatment. 

2.7 ADAPTATION OF DESIGN IN TREATMENT PLANTS 

Evaluations have shown that alum recovery is feasible and can reduce both operations 

and disposal c(;st. The process is a viabfe method of reducing sludge-handling requireplents. the 

recovered al lim can be L1sed at the water treatment plant and also at the waste water plants. 

The 'chemical cost of the recovered alum is about IWlf that 'of commercial alum, als() 

adding to the attractiveness of the process. It is recommended that preliminary report to add to 

the already existing plant hlcilities should be done. Also, f()(· any design of water treatment plant, 

due considerations should be given to include facilities that provide for the processes involved in 

aLum recovery. 
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CIIAPTER THREE 

3.0 I~XPERIMENTAL PROCI~DURE 

SamiJles of sludge and alum solutions were collected from the lrnpresit water treatment 

pl~1Ilt, one of the three water treatment plants located in at the Chanchaga Water ~orks, Minna, 

Niger State. The samples were taken to the Quality control an(~ monitoring laboratory: Federal 

Ministry of water resources, Minna, Niger State for analysis. The following analyses were 

carried out on the Satilples: 

Pa'-:I meters Mlltedals Manufacturers 

pH value pH meter Wagtech Int~rnational 

Turbidity Turbidity meter· Wagtech International 

Total suspended solids Weighing balance Mettler Toledo 

Aluminum contents Photometer Wagtech International 

3.t EQUIPlV(ENTS 

Equipmcnts Used Manufacturers 

I. Weighing balance Mettler Toledo Ginbtt At 200 Model 

2. Sample bottles 
:}- . Kartel Plastic, Made in England 

3. Conical flask Fisherb~llld EU 

4. pH meter Wagtech International 

5. Measuring cylinder Pyrex USA 

6. Pipette Fisherband EU Class B 

7. Turbid i ty meter Wagtech International 
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8. Photometer 
Wagtech International 

9. Filter papers 
Whitman International Limited, 

Maiden, England 

1 U. Oven 
Gollenkemp Hat Oven, UK. 

1 I. Desiccator 

3.1.1 REAGENTS USED 

I. Distilled water 

2. Concentrated tetraoxosulpbate VI acid 

3. Wagtech alU!llinull1 No. I tablets 

4. Wagtech aluminum No.2 tablets 

pj{OCgSSDESciuPTION 

Samples were collected and placed in sample bottles then they were taken to the Quality 

cOlltrol and monitoring laboratory. The pH meter was calibrated using distilled water to a pH of 

7. Then the pl-I ()f'the samples collected was carried out. Then, the. turbidity of the raw sludge 

\vas also ccirried out on the raw sludge. However, because of the concentration oLt'he sluclge, it 

'I' was diluted 2.5ml of the raw sludge was placed in IOOml on:.iistilled water. The Wae,rtech 

turbidity meter was used to take the readings. 

The lotal suspended solid of the raw sludge was taken. This· was determined by the following 

Illllilber or steps. Th~y are 

I. The filter paper to be used was placed in an oven for an hour then it was 

2. The weight ufthe filter paper was weighed using a Metter Toledo weighing balance, 
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3.1 UUml of raw sludge was lilteredusing the filter paper. It was left to drain tor about twenty 

4. The residue 011 the filter paper was placed in an oven to oven dry Jar one. hour at a 

5.,~rhe the lilter paper and residue was weighed. Then the TSS was determined by subtracting 

the initial weight of the filter paper. 

2501111 of the raw sludge was placed ill fOllr different conical flasks, which was acid.ulated \ 

with c()ncel1trated tetraoxosulphate VI acid of about 96%) having a rnoleeular weight ()f: 98.08 

. and a Illolarity of 18 Molar. It was done with an endpoint in mind. Thi.s was added to the sludge 
:"'\:. 

until a pH of2.0·'~vas achieved. 

The total sllspended solid of the acidulated sludge was taken. This was done thirty minutes 

altcr the raw sludge was acidulated: This was done thus; 

I. The tilter paper to be used was placed in an oven to oven d'ry at a temperature of 103°C 

I"orl hour. The Ii Iter. paper was placed in a desiccator andlefi to cool for ~ few minutes. This was 

done to remove any !orill of moisture on the filter paper. . 

2. A rvletter Toledo weighing machine was L1sed to \\leigh the filter paper before and after it 

was ,Oven heated. This weigl:ing machine is a digital machine, thus, it was zero before it was 

used. 

3. IOOml was filtered, left to drain iorone hour then oven dried. 

4. The weight of the lilter paper and the residue taken and difference between the initial 

weight ol"the filter paper anQ the present weight was taken to give the TSS. 

The other three sanwles were labeled A, B, C were left to settle overnight. A volumetric split 

() I" the supernant and the residue was noticed. The resultwas then taken tor the three samples. 
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One of the supernant 'vvas decanted .from the settled sludge: and then the total' suspended 

solids ('ISS) were taken. Then, using one of the other supernants, the aluminum content was 

determined using'the Wagtech photometer method. However, because of the concentration ot' the 

supernant, O.2ml of the supernant was placed in IOOml of distilled water. In the Wagtech 

Aluminum method, the necessary reagents are incorporated into two test tablet. The test is 

simply carried out by adding one of each tablet to a sample ofthe diluted supernant. 

The Wagtech aluminum No.1 tablet acidities the sample to bring any colloidal aluminum 

into the solution and while the second tablet, which is Wagtech No.2 tablet, buffers the solution 
~ 

(0 provide the correct conditions for the test. 'rhe test procedure is as follows: 

I. The test tube was filled to the IOml mark 

2. One Aluminum No. I tablet was added to the test tube, crushed and mixed to dissolve. 

3. One Aluminum No.2 tablet was added, crushed and mixed t;cntly to dissolve. 

4. It was theh allowed to stand for five minutes to in other to allow full colour development. 

S. A wavelength of S70nm was selected 011 the photometer. 

6. Then the photometer reading was recorded. 
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CHAPTER :FOUI~ 

4.0 IU~SULTS AND DISCUSSION OF RESULTS 

4.1 EXl'ERIM ENTAL RESULTS 

.~~~-

The results of the tests and analysis carried out on the samples collected are shown below. 

These sampics were the sludge and the alum solution used at the treatl;lent plant. 

The pH of the raw sludge 

Turbidity of the raw sludge 

The pH of the alulll solution 

, Total suspended solid of the raw sludge 

Molecular weight of the acid used 

Molarity of the acid 

Total suspended solid of the sludge anel" 

thirty minutes of acidulation 

5.82 

34,040 NTU 

'2.88 

40.9441 g 

98.08 

18.0Molar 

24.7272g 

Volullle of the supernant aller the acidulated sl.udge was left to settle overnight is shown in 

the table below. 

Table 4 .. 1 TOTAL SUSPENDED SOLIDS 

Raw sludge Acidulated Acidulated sludge after 
sludge after 24 hours 
30 mintlJtes 

Weight of filter paper(g) 1.5459 1.5600 1.4103 
-

Weight of residue and filter paper(g) 42.4900 26.2200 1.5668 

""_0_-__ -. 

Weight of residue(J'SS) (g) 40.9441 24.7272 0.1565 

Source; Author's Result of analysis 
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Table 4.2 VOLUME OF THE SUJ>ERNANT 

Sample A B C 

Volume of the sludge(ml) '250 250 250 

~olume of the acid added(ml) 2.7 2.6 2.9 

Volume (ml) 150 155 153 
C' 

Source; Author's Result 01 analysIs 

Table 4.3 ALUMINUM CONTENT 

SAMPLE ALUMINUM CONTENT 

Alum solution 0.466mg/L 

'rreated unli!tered sludge (supernant) 0.357mg/L 

Treated ,filtered sludge (supernant) 
.. ~:-

0.379mg/L 
" 

L , 
Source; Author's ,Result of analysIs 

'. 

DISCUSSION OF THE RESULTS 

The pH of the alum solution was 2.88 while that ofthe ,raw sludge was 5.82, This indicates 

that the pH dropped after the treatment of the reiw water with the alum solution. The equation for 

the reaction is seen in appendix A. The total susperided solids of the' treated sludge when 

COlllpared with the nl\V sludge also reduced after it was acidulated with tetraoxosulphafe VI acid 

, ' 

about thirty minutes later. This indicates that. the insoluble aluminum oxide .dissO'lv~d in the 

presence of the acid. This is seen in appendix B. From the results, it was discovered that the total 
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uspclldcd solids rcducedby 40°;(). This WtlS achieved by tldding (cll'l\ox()sulplwtc vf UL'id (() the 

\\' sludge till a Ijll oi'2 Was achieved. 

WhL'rl the se,lup was lell toscttic overnight, a volumetric !;plit was discovered Ihim lhe _ 

lIl'C SL'tllPS ;\, I L {', All ,1wrage of I 52J)711l1 \Vasrl~,covcrcd rr0111 the setup, This shows that 

thuut sixty percent of tile alulll solution was recovered rrol1l the sludge. 

I he '''lIIl1iliul1~ (:{mtel1t 'was determincd to kllOw the cOl1lccnlratioll or the recovercd alulll 

)lilliOIL This was thcn compared wilh that or the alllil1 content or the alul1l solutioll used ror 

'o;tglll<ttioll \\ihich gave O.4()(img/L. The v,lllle or the nllllilillUIll content or the sllpernant was 

t"kcll btl(m: ilwas filtered, and it gave OJ57Illg/l,J' ;\f!er itw<ls filtered, it gave O,]7l)l1lg/L, This 

shows IIHII the cdllccntratioll or the solution recovered wns ahout eighly-live percent O)51~,{») or 

thL' aiulllsnlutitll1 lIsed, To achieve thecOllccntrtltioll needed ror the trcat1l1crll or raw \valcr, morc 

:IIlIl11 could be :rddcd to the solutioll to make lip to the cOllcenlration needed It)!' adequate 

coagulaliot) ttl take place, 

Thisilltplics, tl1<lt less amOllllt or 111UIll is required ir thc sludge is recycled and less 

. I ' • 

contHll1il1atiOI1 or the watcrhodies, From the analysis, less alum would he needed and IlltlS, it 

would in the IOl1g 1'1I,1I flH' the coagulation/clarification process, 

, : 
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C1-IAPl'EJlFlVE 

5'.() CONCLUSION AND RECOMl\1ENDATION 

5.1 CONCLUSION 

This I'esearch project was undertaken to recover alum hom sludge and also to evaluate the 

el'fectlvcl1ess of the recovered alum solution. 

This was Clllilli byaciJ extraction method, where the sludgc is treated with tetraoxosulpbate . ' 

VI acid. This process is a v,iable method ofsludge-hand!ing requirements. The recovered alulll 

can be used at the water treatment plant. However, for efficiency, the concentration should be 

illcrcascd by adding more solid alum to the solution. The chemical cost of (he recovered alum' 

ism~lI"\ .. ' than hall'the amount thaf is used .Ii)!' the tJ"C;ltJncnt of raw water 

5.2 . IU:COMMENDATION 

From the history of water treatment, little or no attention \vas given to the disp<"1sal of 

sl udge. 

Sevcritl methods have been tested in thedevdoped countries. This method ofaful;i 

recpvery l"I'om the sludge is one that would not only reduce pollution but would also reduce the 

cost til' production 0 r portable water. 

H is therefore recommended that more analysis be carried out in this area. These analyses 

should include '.the cost benefits and also determine if the process is feasible economically. 

Thc:n water tl'eatlllcnt < plants could be redesigned and a unit that serves as the recovery unit 

(Ollid bcintn)duced into the plant. From time t3 {j.rae, iile concentr'rition of the alum solution 

recovered should be checked to determine its effic<lcney. When the need HI'ises, the recovered 

aluill could bc:disposed otT jf it is not fit [0 !Je used, as a result 01' contamination 'by undesired' 

materials. 
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Appel1dix i\ 

A12 (S04)3 + 6H20~2Al (01-1) 3+ 

3112S04 
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Apl1e1)dix B 

2Al (OR) 3 + 3112S04 ~ A12 (S04)3+-

6H20 
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Appendix C 

UNlTS 

NTU - Nephelometric turbidity unit 

mg/L - MiJligrammes per litre 

m\ - Mill iliters 

11m - Nanometer 

g - Gq:lmmes 
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Appendix D 

Turbidity meter reading =851 NTU 

2.5ml of raw sludge was placed in 10qml of dk;tilled water' 

Conversion factor = 1 O~= 40 

2.5 

Therefore the actual turbidity reading gives 

(851 * 40)NTU 

= 34,040 NTU. 
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APPENDIXE 

To calculate the aluminum content for the solutions 

0.2 ml of each was diluted in J OOml of distilled water. Therefore the 

conversion j-~lctor is I 00mIl0.2ml= 500 

I. For alum solution 233mg/L was the photometer reading Therefore the 

actual reading will be equal to 233/500= 0.466mg/L. 

2. For treated uniiltered sludge 178.5mg/L was the photometer reading. 

Therefore the actual reading will be equal to 178.5/500 = 0.357nig/L. 

3. For treated filtered sludge 189.5mg/L was the photometer readi.ng. 

Therefore the actual reading will be equal to 189.5/500=0.379mg/L. 
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