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1
Chapter-One

INTRODUCTION

1.1 General

Water is one of the materials required to sustain life and is often termed as "life", has

long been suspected of being the source of much human illness. Approximately 150

years ago, definite proof of disease transmission through water was established

(Sawyer et a!., 2004). Hence the term "life" is applicable for safe water only. For

many years following, the major consideration was to produce adequate supplies that

are hygienically safe. Environmental Engineers are also evolved as professionals

over the past century to human health and environmental problems resulting from

industrial expansion, resource utilization, and the concentration of growing

population in the cities.

Two water sources (i. Ground water and ii, Surface water) are being used world wide

to meet the demand of water, have become increasingly contaminated due to

increased industrial and agricultural activity. The public has been more exacting in its

demands as time has passed, and today water Engineers are expected to produce

finished water that are free of color, turbidity, taste, odor, nitrate, harmful metal ions,

and a wide variety of organic chemicals. Health problems associated with some of

these parameters include Cancer, Birth defects, Central nervous system disorders, (,

Disruption of endocrine system and Heart disease (Sawyer, 2004).

At present time, World Health Organization and also the DOE of Bangladesh have

selected specific standard lirhits of several parameters for declaration of water as safe

potable to use in domestic as well as drinking purposes.

The rapid increase of population in Dhaka city has significantly increased the

demand of Water Supply and Sewerage System. The problem has been further

increased due to two dimensional expansions vertically through high-rise buildings

and horizontally through development of new housing estates. This kind of growth

presents tremendous challenges to the authorities that are engaged in providing utility
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servICes to the city dwellers. Dhaka Water Supply and Sewerage Authority

(DWASA) is striving hard to keep pace with city development in supplying potable

water to all. DWASA is depending mainly on groundwater supply, which is 82% and

surface water supply is 18% only (DWASA). Due to groundwater table, aquifer

condition and zone of influence it is not advisable to go for further groundwater

abstraction in Dhaka city.

Saidabad Water Treatment Plant (SWTP)" the biggest surface water treatment plant

in Bangladesh" is supplying about 225 MLD water to main water supply system of

Dhaka city. Raw water intake of 225 MLD has been commissioned in 2002 by

installing a pumping station at Sarulia on the Lakhya river. The water is then run

through DND khal and finally pumped to the intake channel of SWTP at Mridhabari.

But during the dry season water quality deteriorates due to high content of ammonia

and organic matter. Understanding this problem and to find out a solution to

eliminate this problem an extensive study was carried out on the water quality

parameters and different treatment options.

1.2 Scope of Study

Concentration of income sources in the Dhaka city and increasing poverty with

decreasing working scope in the rural area resulting a huge migration of various

categories of people in this city. Thus the density of population is increasing day by

day causing a tremendous demand of potable water. To meet this demand, ground

water supply can not be in,creased as the ground water table is going downward

rapidly and also more extraction of ground water would increase the chance of land

subsidence.

As a result, there is only scope to increase the supply of surface water. SWTP is

delivering 225 MLD potable water to the main supply line out of total requirement of

about 2000 MLD potable water for Dhaka city dwellers. But the main hindrance to

make the surface water potable is to minimize the quantity of ammonia and organic

matter from the water.
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SWTP takes water from tile Lakhya river. Due to huge industrial expansion along,
both the banks of the river without proper effluent treatment plant (ETP) and

sewerage treatment plant (STP) together with unexpected unhygienic practice of city

resident, water of the river is being more and more polluted and the problem becomes

acute in the dry season (Jan}lary to May).

To find out a solution exterisive study on the unwanted parameters in the water ofthe

Lakhya river during the d~ season is included in the scope. It also includes various

types of treatment at laboratory on polluted water collected from the intake point of

SWTP to remove ammonia, color, turbidity etc.

This study is intended to acquire a better understanding and formulate a better set of

treatment in removing ammonia and organic matter from the water to meet the

present demand of potable water of Dhaka city dwellers especially in the dry season.

1.3 Objective ofthe Study

The main objective of the research is to find out the suitable treatment option of the

surface water containing high concentration of ammonia and organic matter. Major

objectives of the research are,

• To determine the quantity of NH3 and organic substances present in the raw

water at Saidabad water treatment plant during dry season.

• To determine the effect of different treatment options (air stripping, alum

coagulation, chloririation e.t.c) in removing NH3 and organic matter at

different concentrations using different chemical doses and under different

pH value of water :

• To provide suitable treatment option to remove NH3 and organic matter from

surface water with h!gh content of ammonia and organic matter.
,

Effects of different treatments (Air stripping, alum coagulation, chlorination e.t.c.) in

removing NH3 & organic matter at different concentrations of NH3 and organic

matter with different doses, using various packing materials and under different pH

were observed. Thus finding out the best treatment option of surface water containing

high concentration of ammonia and organic matter.
I
!

,.... -..
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1.4 Outline of the Methodology

A brief description of the steps, followed in order to achieve the objective of the

research is as bellow:

• An extensive study on characteristics and role of ammonia and organIc

substances in surface water was carried out.

• Back ground information was collected and status of treatment including

problems and succeSs in removing NH3 and organic matter at Saidabad water

treatment plant was analyzed.

• Samples of raw water were collected from Saidabad water treatment plant at

dry season when concentration ofNH3 and organic matter were high.

• Amounts of different parameters including (NH3 & organic matter) present in

the untreated raw water were determined at laboratory.

• Different treatment like aeration, air stripping, alum coagulation, chlorination

e.t.c. with sedimentation & filtration were carried out at laboratory for the

collected sample with different doses and under different pH.

• Presence of water quality parameters including (NH3 & organic matter) were

checked at different stages of experiment.

• After completion of laboratory works, data obtained during the study and

observation were carefully analyzed and represented to achieve the objective

of the research. Experimental data obtained from the SWTP and standards of

water quality were also represented to support the research.

l.S Organization ofthe Thesis

The whole study has been represented in SIX chapters. Within which the first

chapter contains introduction, scope, objective and out line of the methodology.

The second one contains the literature review. Detail description including removal

mechanism of different treatment processes, such as aeration, air stripping,

chlorination, coagulation, filtration, and sedimentation have been focused here.

Moreover the guide standard values of surface water and drinking water quality

standards have been included here.

(
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Hydraulic structures and treatments process are being used at Saidabad water

treatment plant along with seasonal variation of water quality parameters and

average water treatment at the plant have been written in chapter three. Chapter four

comprises the different laboratory investigation methodologies used during

experiments with the raw:sample at environmental laboratory at BUET. In chapter

five different investigation results related to treatment of surface water containing

high concentration of ammonia and organic matter have been represented with

language, graphs, tables etc. Chapter six has been introduced to represent

conclusion of the whole study. Recommendations related to treatment to turn the

surface water with high concentration of ammonia and organic matter to potable

water together with recommendations for future study, have been listed here.

(
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Chapter-2

LITERATURE REVIEW

2.1 Introduction

From volatility point of view, surface water contain Organic Volatile Compounds

(VOCs) and nonvolatile other compounds. Volatile compounds are mainly NH3, H2S,

N03,CH4 etc. in gaseous form. Nonvolatile materials are inorganic solids (e,g, clay,

silt etc.), organic solids (e,g, plant fiber), biological solids (e,g, algal cells, bacteria

etc.). Both volatile and nonvolatile impurities are the causes of creating contaminated

water having bad taste, odor problem and hence contribute unhygienic situation; as

such surface water is not considered to be safe for water supply without the necessary

treatment (Peavy et. al 1985).

Plain sedimentation, sedimentation with coagulation and filtration are the common

methods of surface water treatment in tropical country like Bangladesh

(Masuduzzaman, 1991). But to provide complete treatment especially for the dry

season, when presence of ammonia and organic matters are high in the surface water,

some more treatments are required like aeration, air stripping, chlorination etc.

In this chapter aeration, air stripping, chlorination and coagulation processes have

been discussed in detail. Aeration and air stripping are useful to remove VOCs and

chlorination and coagulation are necessary to remove nonvolatile other compounds

and disinfection.

2.2 Aeration

Aeration is the process of dissolving oxygen in water and reacting the dissolved

oxygen with a contaminant such as iron or hydrogen sulfide. Aeration is a very

inefficient way to remove volatile contaminants (Pure water products, LLC, 1986-

2008). A recent study has shown that up to 50% of Ammonia can be driven out of a

pond within a 48hour time frame using nothing but vigorous aeration

r
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(http://www.happykoi.co.za). Aeration is utilized to remove trace volatile organic

contaminants (VOCs). These VOCs are believed to cause adverse health effects.

Hence aeration may be used to remove undesirable gasses dissolved in water

(degasification) or to add oxygen to water to convert undesirable substances to a

more manageable form (oxidation). (Peavey,1985).

All though volatile liquids such as humic acids and phenols can be removed from

water by aeration but the removal rates are too slow for the process to be practical

except especially in extreme cases where excessive quantities must be reduce to more

manageable levels. During aeration contaminants of lower valances are oxidized to

higher valances forming precipitates.

Reactions for Iron and Manganese may be written as follow:

4 Fe/ + O2 + IO H20 ---. 4 Fe(OH)3 (s) + 8 H+ -----------(i)

2 Mn2+ + O2 + 2H20 ---. 2 Mn02 (s) + 4 H+ -------------(ii)

In equation (i) Fe goes from the +2 to the +3 oxidation state and in equation (ii) Mn

goes from the +2 to the +4 oxidation state. In both equations the free oxygen (02) is

reduced and the anion originally associated with the ferrous and manganous ions

recombines with other cations in the solution. In both cases, the pH of the solution is

lowered by the production of hydrogen ions.( Peavy, I985)

2.2.1 Basic requirements of aeration

Two basic requirements of aeration are

a) The gentleness and direction of water flow

Soft and gentle flow of water provides better result than turbulent water. Ideal

water flow shall be approximately Ito 2 MPH.(www.fishing-

boating.com! arti clesl guide.htm)

b) The size and amount of the air bubbles

To achieve the target, bubbles must remain contacting the water to do the job

properly. A good rule of thumb is: The smaller the bubble, the longer it will

remain suspended in w\lter to dissolve. The smaller the air bubble, the more

f
,...1 ...•. -.1 .

http://www.happykoi.co.za.
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slowly it will rise giving it more time to dissolve in the water. A large 20 mm

bubble has a volume of 4.19 cm3 and a surface area of 12.6 cm2. 260 small 3mm

bubbles could be made from the large bubble having total surface area of 83.60

cm2. This is 6.6 times the surface of the 20 mm bubble. Knowing the importance

of air bubble size the effectiveness of the different aerator systems becomes

readily apparent.

(www.fishing-boating.com!articles/guide.htm )

2.2.2 Types of aerators

Livewells: Livewells are of many shapes and sizes. Oval or round tanks provide the

best circulation. However, rectangular or square wells are satisfactory if there is a

directional discharge into the well. The directional discharge will induce the more

desirable circular motion. :

Spray Bar Aerators: Spray bar aerators add oxygen to the water by jetting small

streams of water into the surface. Some air is absorbed into the spray as it passes

from the spray bar to the water surface and when the spray strikes the water surface,

air bubbles are injected into the water. For the most part, these bubbles are rather

large. It is an inefficient aeration system.

Air Stone Aerators: Air stone aerators are inexpensive way III case of small

containers. They are quiet and gentle, but because their bubbles are typically larger,

they need a greater amount of bubbles to dissolve considerable amount of oxygen.
I

Air stone aerators do provide gentle aeration.
I

Venturi Aerators: This is the much copied, old aeration technology. They can be

purchased as a floating aerator or a bottom aerator with suction cups. The fast-

moving water at the output of the pump creates a vacuum, which suck air into the

pump output. This system typically provides larger amounts of smaller air bubbles

than previously discussed aerators.

Thru-Hull Pumps :Thru-hull pumps provide a constant flow of new water into the

livewell and eliminate the problems of heat and ammonia build-up. It is most suitable

than any of the previously discussed systems. By utilizing a combination of the thru-

http://www.fishing-boating.com!articles/guide.htm
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hull pump with other aeration methods, required amount of oxygen can be dissolved

uniformly for longer periods oftime.

2.2.3 Liquid-Gas contact systems

Liquid-gas contact systems are designed to drive the water-gas mixture toward

equilibrium as quickly as possible for degasification purposes and to provide super

saturation of oxygen for oxidation purposes. These goals may be accomplished by

either dispersing the water into the air or by dispersing the air into the water.

When water is dispersed into the air as depicted in Fig. 2.1, the interfacial area per

unit volume of water is maximized by minimizing the drop size. This will increase

the desorption rate for supersaturated solutions (Fig. 2.1a) or increase the absorption

rate for under saturated solutions (Fig. 2.1b). In general this approach works better

for desorbing gases than for absorbing oxygen although the latter can be

accomplished for under saturated waters.

Gas
film

Liquid
film

(a)

Bulk
gas

(b)

Liquid
film

Figure 2.1: Water dispersed in air: (a) desorption and (b) absorption (Peavy, 1985)

Another method of aerating water is to disperse the air into the water. Again both

absorption and desorption are enhanced by maximizing the interfacial area, in this

case by minimizing the size of the air bubble. Fig.2.2a can be used to illustrate the

situation for a supersaturated water (desorption) and the process for an under
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saturated water (absorption) is shown in Fig.2.2b. In general this approach works

better for absorption than for desorption.

Liquid
film

(a)

Cs>C
Bulk
liquid

(b)

Gas
film

Liquid
film

Figure 2.2: Air dispersed in water: (a) desorption and (b) absorption(Peavy, 1985)

2.3 Air Stripping

Air stripping is the process of contacting contaminated water with clean air so that

the volatile contaminants will evaporate from the water to the air.

Ammonia can be present in water in two forms either ammonium hydroxide

(NH40H) or as the ammonium ion. In removing ammonia from water, lime or caustic

is added until the pH reaches within 10.8 to II .5, which converts ammonium

hydroxide ions to ammonia gas.

This process involves the mass transfer of volatile contaminants from water to air.

This process is typically conducted in a packed tower or an aeration tank. The typical

packed tower air stripper includes a spray nozzle at the top of the tower to distribute

contaminated water over the packing in the column, a fan to force air countercurrent

to the water flow, and a sump at the bottom of the tower to collect decontaminated

water. Auxiliary equipment that can be added to the basic air stripper includes an air

heater to improve removal efficiencies; automated control systems with sump level

switches and safety features, such as differential pressure monitors, high sump level

switches, and explosion-proof components; and air emission control and treatment

systems, such as activated carbon units, catalytic oxidizers or thermal oxidizers.

r .
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Packed tower air strippers are installed either as permanent installations on concrete

pads or on a skid or a trailer.

Aeration tanks strip volatile compounds by bubbling air into a tank through which

contaminated water flows. A forced air blower and a distribution manifold are

designed to ensure air-water contact without the need for any packing materials. The

baffies and multiple units ensure adequate residence time for stripping to occur.

Aeration tanks are typically sold as continuously operated skid-mounted units. The

advantages offered by aeration tanks are considerably lower profiles (less than 2

meters or 6 feet high) than packed towers (5 to 12meters or 15 to 40 feet high) where

height may be a problem, and the ability to modify performance or adapt to changing

feed composition by adding or removing trays or chambers. The discharge air from

aeration tanks can be treated using the same technology as for packed tower air

discharge treatment. A typical air stripping unit has been shown in figure 2.3.

clean water

•/ gas and air collect

water sprayed over
packing material
packing material

/ air rises through packing material

~

'I~.:,'.f: .~~ /:/.water trickles to bottom

\~~,\\\ I\X \ /
\,~\\ \ I

gas and
aIr

cleaned

Figure: 2.3:Air stripping unit (EPA, 2001)

Modifying packing configurations greatly increase removal efficiency. A recent
innovation is the so-called low-profile air stripper that contains a number of trays in a
very small chamber to maximize air-water contact while minimizing space.

Air strippers can be operated continuously or in a batch mode where the air stripper
is intermittently fed from a collection tank. The batch mode ensures consistent air
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stripper performance and greater energy efficiency than continuously operated units
because mixing in the storage tanks eliminates any inconsistencies in feed water
composition.

2.3.1 Different aspects of air stripping

Different aspects are discussed as follow:

2.3.1.1 Two film theory
Whitman in 1923, first proposed the two-film, or Double-resistance theory. This

model is widely used to describe absorption or desorption process. The two-film

model starts by assuming that the gas and liquid phases are in turbulent contact with

each other, separated by an interface area where they meet. The mass-transfer zone is

comprised of two films, a gas film and a liquid film on their respective sides of the

interface. This concept of the two-film theory is illustrated in fig. 2.4. According to

the two-film theory, for a molecule of substance A to be absorbed or desorbed, it

must proceed through a series of five steps. The molecule must:

1. Migrate from the bulk-gas phase to the gas film or bulk liquid phase to liquid film

2. Diffuse through the gas film or liquid film

3. Diffuse across the interface

4. Diffuse through the liquid film or gas film

5. Mix into the bulk liquid or gas

p

Gas I Liquid
film film

Figure 2.4: visualization of two film theory (http://yosemite.epa.gov)

http://yosemite.epa.gov
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The theory assumes that complete mixing takes place in both gas and liquid bulk

phases and that the interface is at equilibrium with respect to pollutant molecules

transferring in or out of the interface. A gas concentration is expressed by its partial

pressure. Similarly, the concentration in the liquid changes from CAl at the interface

to CALin the bulk liquid phase as mass transfer occurs.

NA=Kg (PAG-PAI) -----------------------------------------(iii)

NA= KI (CAI-CAd---------------------------------------------(iv)
NA= rate of transfer of component A, g-mollhrn2 (lb-molelhft2)

Kg=mass-transfer coefficient for gas film, g-mollhrn2 Pa (lb-molelhtf' atm)

KI =mass-transfer coefficient for liquid film, g-mollhrn2 Pa (lb-molelhtf' atm)

PAG= Partial pressure of solute A in the gas.

PAl= Partial pressure of solute A at the interface.

CAl= concentration of solute A at the interface.

CAL= concentration of solute A at the liquid.

The mass-transfer coefficients, Kg and K], represent the flow resistance the solute

encounters in diffusing through each film respectively (fig.2.5). As the value for a

mass transfer coefficient increases, the amount of pollutant transferred (per unit of

time) from one phase to another phase increases.

G .;i
.. .' I;! r::. ... '..

. , - ,: ;!{-/" , ,','......CH;;l~ .. . "I" V\! ::i0" .
i i :'i _ .~ "" .

V'.'..111:!10. £).., r r- :p, -, ,'.' ,"
I ., '_ ,c'. . .

. -,

/1. .
__ /"., ',I. ",-.

'fotnl
r('Sj~tanc('

Figure 2.5: Resistance to motion encountered by a molecule being absorbed
(http://yosemite.epa. gov)
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2.3.1.2 Henry's law constant

The value of the Henry's law constant helps to determine the number of transfer units

and the height of a transfer unit through its effect on the stripping factor and the

required air to water ratio in the stripper. Since these constants are affected by

temperature and other solutes present in the water, hence reliable data on Henry's

constants (H) are not easy to find. In general "H" increases with temperature and

concentration of inorganic salts in the water. The effect of temperature should always

be considered whereas the effect of inorganic salts is usually neglected since this

represents a conservative assumption.

Henry's law is usually expressed as:

yP =H'x --------------------------------------------------( v)

where y is the mole fraction in the gas phase, x is the mole fraction in the liquid

phase, P is the total pressure and H' is Henry's constant. By considering the Henry's

constant to be in pressure (atmospheres) units and that the total pressure is always

very close to one atmosphere:

y=Hx

The numerical values ofH and H' are the same since P=1.

2.3.1.3 Equilibrium diagram

The mole fraction of solute in the liquid phase, denoted as x, versus the mole fraction

of solute in the gas phase, denoted as y in an equilibrium diagram. Equilibrium lines

for the NH3 and water system are plotted in fig. 2.6. The fig. 2.6 also illustrates the

affect of temperature on the stripping process.
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0_04"'
I

o
,0 0.01

x ~mole NH,/mole H20
0.04

Figure 2.6: Equilibrium curves for ammonia in water as a function of temperature
based on Henry's law (Metcalf and Eddy, 2005)

2.3.1.4 Material balance

From the law of conservation of mass, the material entering a process must either

accumulate or exit. In other words, "what comes in must go out."

(liquid In}
Xz

lm2
(Gao In)

~

(Uqoo out)

Figure 2.7: Material balance for con-current flow
(http://yosemite.epa.gov )

http://yosemite.epa.gov


16

x =mole fraction of solute in pure liquid

Y =mole fraction of solute in inert gas

Lm = liquid molar flow rate, g-mol/h (lb-mole/hr)

Gm = gas molar flow rate, g-mole/h (lb-mole/hr)

An overall mass balance across the absorber in Figure 2.7 yields Equation:

Ib-mole in = Ib-mole out

Gm (in) + Lm (in) = Gm (out) + Lm (out)----------------(vi)

For convenience, the top of the stripping unit is labeled as point 2 and the bottom as

point 1. This changes equation (vi) to equation (vii).
Gm) + Lm2 = Gm2 + Lm] (vii).

Similarly a material balance for the contaminant to be removed is obtained as

expressed in Equation (viii).
Gm] Y] + Lm2X2= Gm2Y2 + Lm]X] (viii)

Equation (viii) can be simplified by assuming that as the gas and liquid streams flow

through the absorber, their total mass does not change appreciably (i.e., Gml = Gm2

and Lm] = Lm2)

Therefore, Equation (viii) can be reduced to equation (ix).

(Y2 - Y)) = Lm/Gm (X2-X])------------------~--(ix)

Equation (ix) is the equation of a straight line. When this line is plotted on an

equilibrium diagram, it is referred to as an operating line.

Percentage distribution of ammonia and ammomum JOn (pH dependant) can be

computed using equation (x).

NH3%= NH)XlOO 100
NH) +NH; I+NH; / NH)

(source: Metcalf and Eddy, 1979)

100= -----------(x)
1+ Kb[H]/ Kw

•
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/ -- Practical average_
90 percent removal pH '" 11

Minimum air requirement
(theoretical) 100 percent removal

20 60 80
Temperature, ~'C

Figure 2.8: Air requirements for ammonia stripping as a function of temperature
(Metcalfand Eddy, 2005)

2.3.1.5 Mass transfer efficiency

The mass transfer performance of given packing under the required operating

conditions can be predicted in several ways. In every case, the required height of

packing will be the product of HTU times NTU. (Packed height = number of transfer

units • height of a transfer unit). The values of HTU and NTU to be used will depend

on the stripping factor and the inherent efficiency of the packing. NTU is a variable

that relates exclusively to the stripping factor and the degree of removal. HTU relates

to the stripping factor, liquid load, and the packing efficiency. The equation to

determine the value ofNTUol (number of transfer units) for a VOC stripper is:

NTUol = (S/S-I) In [ (I-liS) XinIXou! + l/S] -------- (xi)

S = stripping factor, Xin = inlet concentration, XOU! = outlet concentration

At values of S = 12 or above, the previous equation can be approximated by

NTU01 = In ( XinIXou!)

The height of a transfer unit (HTU) is defined as,

HTU = L/klaA

L = liquid volumetric flow rate, Kia= volumetric mass transfer coefficient, A = cross-

sectional area of tower.
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2.3.2 Limiting factors

The applicability and effectiveness of the air stripping process may be limited by the

following factors:

• Effective only for contaminated water with VOC or semi volatile

concentrations with a dimensionless Henry's constant greater than 0.01.

• The potential exists for inorganic (e.g., iron greater than 5 ppm, hardness

greater than 800 ppm) or biological fouling of the equipment, requiring

periodic column cleaning or pretreatment.

• Compounds with low volatility at ambient temperature may reqmre

preheating of the feeding water.

• Process energy costs are high.

• Consideration should be given to the type and amount of packing used in the

tower.

• Air strippers transfer contaminants from one medium to another. There is no

destruction of the contaminant. Consequently, the risks of emitting pollutants

into the air must be carefully evaluated. Often, the air stream (or off-gas) is

required to treat before it is emitted to the atmosphere.

2.3.3 Steam stripping

When the ammonia concentration in water is as high as 3-4 percent the steam

stripping is preferred. The quantity of steam required for this, however, is very high.

For handling 13500 m3/day of liquid waste, as much as 250 tones/h of steam are

required, which makes this process quite costly. In another process using steam

stripping, the stripped gases are reheated and the NH3 used to catalytically convert

NOx pollutants to nitrogen gas. Organic substances, if present, can also get

selectively removed.

6NO + 4 NH3 -t 5Nz + 6HzO------------------(xii)

6NOz+ 8 NH3 -t 7Nz + l2HzO----------------(xiii)

The ratio ofNH3 to NOx employed is 0.7
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2.4 Chlorination

The process of applying chlorine to water is called chlorination. Of all the chemical

disinfectants chlorine is perhaps the one, most commonly used throughout the world

for public water supply. Chlorination of water supplies on an emergency basis has

been practiced since about I 850.(Rosenau, M.J.1935).

In water supply, uses of chlorine increasing day by day for the purpose of

disinfection or post chlorination and some times super chlorination is done for quick

disinfection action. In water treatment for disinfection, chlorine is used in various

forms. Chlorine as residuals through out the water distribution system used to prevent

any bacterial contamination of water, as well as to safe guard of water.

In presence of NH3 concentration of raw water, chlorine (Clz) is not much effective

to disinfect. One of the reasons is that when Ch is added in NH3 concentration of raw

water, it results formation of chloramines. This compound has the effect of

prolonging the disinfecting action of chlorine.

Another reason is that as the chloramines do not react with organic mater. Usual ratio

of ammonia to chlorine is 1:4 (Aziz, 1975)

2.4.1 Types of chlorination

According to the introduction of application and number of use m the water

purification process chlorination may be typed as followings:

• Pre-chlorination

• Post chlorination

• Double chlorination

• Re chlorination

Pre-chlorination: If chlorination introduced before starting of any other treatment,

then it is termed as pre chlorination. Pre-chlorination reduces the bacterial load on

the treatment process and it oxidizes organic matter present in water as well as it

controls algae, taste and odor.
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Post-chlorination: Post-chlorination is the application of chlorine to water before it

enters the distribution system to maintain the required amount of free chlorine.

Application of chlorine after all other treatment is the standard practice in

chlorination of water supply.

Double chlorination: When chlorination is applied twice III a water treatment

process, it is called double chlorination. Double chlorination is essentially pre-

chlorination and post chlorination applied to the final effluent from the filters.

Re-chlorination: When the distribution system is long and complex, it may be

difficult to maintain the residual chlorine content of 0.2 mg/l at the farthest point.

Therefore, the chlorine is applied at different stages in the distribution system, is

called Re-chlorination.

2.4.2 Chlorine chemistry

Common chlorine compounds used as disinfectant are chlorine gas (Ch), calcium

hypochlorite [Ca(OCl)2J, sodium hypochlorite (NaOCl) and chlorine dioxide (Cl02)

are the common chlorine compound used in water treatment process. Calcium and

Sodium hypochlorite are most often used in very small treatment plants, where

simplicity and safety are far more important than cost.

2.4.2.1 Reactions in water

When chlorine in the form of Ch gas is added to water, two reactions take place :

hydrolysis and ionization.

Hydrolysis may be defined as

Ch + H20 ~ HOCI + H++ cr-c--------------------------(xiv)

Ionization may be defined as

HOCI ~ W + OCI - ----------(xv)

The quantity of HOCI and OCI - that is present in water is called the free available

chlorine. The relative distribution of these two species is very important because the

killing efficiency of HOC I is about 40 to 80 times that ofOCI-. The distribution of

HOC! and ocr in water is dependant on pH as shown in the fig. 2.9 c
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Figure 2.9: Distribution of hypochlorous acid and hypochlorite in water at different

pH values (Metcalf and Eddy, 2005)

Free chlorine can also be added to water in the form of hypochlorite salts. The

pertinent reactions are as follows:

Ca (OC 1)2 + 2H20 -+ 2HOC I + Ca (OH) 2 --------------------(xvi)

NaOCl + H20 -+ HOCI + NaOH---------------------------(xvii)

2.4.2.2 Reactions with ammonia

Untreated water many times contains nitrogen in the form of ammonia and various

combined organic forms. The effiuent from most treatment plants also contains

significant amounts of nitrogen, usually in the form of ammonia, or nitrate if the

plant is designed to achieve nitrification. Because hypochlorous acid is a very active

oxidizing agent, it will react readily with ammonia in the water to form three types of

chloramines in the successive reactions:

NH3+ HOC I -+ NH2CI + ( monochloramine ) + H20 --------------(xviii)

NH2Cl +HOCI -+ NHCh (dichloramine) + H20----------------------(xix)

NHCh +HOCI -+ NHCl) (nitrogen trichloride) + H20--------------(xx)
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These reactions are very dependent on the pH, temperature, and contact time, and on

the initial ratio of chlorine to ammonia. The two species that predominate, in most

cases, are monochloramine (NHzCl) and dichloramine (NHCLz). The chlorine in

these compounds is called combined available chlorine. These chloramines also serve

as disinfectants, although they are extremely slow reacting.

2.4.2.3 Breakpoint reaction

The maintenance of a residual (combined or free) for the purpose of wastewater

disinfection is complicated by the fact that free chlorine not only reacts with

ammonia, but also is a strong oxidizing agent. The stepwise phenomena that result

when chlorine is added to wastewater containing ammonia can be explained by

referring to Fig. 2.10

As chlorine is added, readily oxidizable substances, such as Fe + + , Mn ++ , HzS, and

organic matter, react with the chlorine and reduce most of it to the chloride ion (point

A in Fig. 2.10). After meeting this immediate demand, the

chlorine added, mg/L
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Figure 2.10: Generalized curve obtained during breakpoint chlorination (Metcalf and
Eddy, 1979), Note: mg/I = g/m) ,

Chlorine continues to react with the ammonia to form chloramines between points A

and B. For mole ratios of chlorine to ammonia less than I, monochloramines and
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dichloramines will be formed. The distribution of these two forms is governed by

their rates of formation, which are dependent on the pH and temperature. Between

point B and the breakpoint, some chloramines will be converted to nitrogen

trichloride, the remaining chloramines will be oxidized to nitrous oxide (N20) and

nitrogen (N2), and the chlorine will be reduced to the chloride ion. With continued

addition of chlorine, most of the chloramines will be oxidized at the breakpoint.

Theoretically the weight ratio of chlorine to ammonia nitrogen at the breakpoint is

7.6: I.

Possible reactions to account for the appearance of the aforementioned gases and the

disappearance of chloramines are as follows:

NH2Cl + NHCh+ HOCI --7 N20 + 4HCl------------------------------(xxi)

4NH2Cl + 3Cl2 + H20 --7 N2+ N20 + IOHCl------------------------(xxii)

2NH2Cl + HOCI --7 N2+ H20 + 3HCl-------------------------(xxiii)

NH2CI + NHCh --7 N2+ 3HC l--------------------------------(xxiv)

Continued addition of chlorine past the breakpoint, will result in a directly

proportional increase in the free available chlorine (untreated hypochlorite).

The main reason for adding enough chlorine to obtain free chlorine residual is that

usually disinfection can then be assured.

2.4.3 Factors affecting disinfection efficiency of chlorination

The important factors that affect the disinfecting efficiency of chlorine are as follow:

(I) the germicidal efficiency of chlorine, (2) the germicidal efficiency of the various

chlorine compounds, (3) the importance of initial mixing, (4) the breakpoint reaction,

(5) the contact time, (6) the characteristics of he wastewater (7) the characteristics of

he microorganisms.

Germicidal efficiency of chlorine: Numerous tests have shown that when all the

physical parameters controlling the chlorination process are held constant, the

germicidal efficiency of disinfection, as measured by bacterial survival, depends

primarily on the residual bactericidal chlorine present R and the contact time 1. It has
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also been found that by increasing either one of the two variables R or t and

simultaneously decreasing the other one, it is possible to achieve approximately the

same degree of disinfection. Thus the efficiency of disinfection may be expressed as

a function of the product (R x t). This is according to Collins, who in 1971 described

the bacterial survival ratio NINo as a function ofR and t.

Using a batch rector whose contents were well stirred, Selleck, Collins, and White

found that the reduction of coliform organisms in a chlorinated primary treated

efiluent can be defined by the following relationship:

N,lNo = (l +O.23CttrJ -------------------- (xxv)

Where N t = number of coliform organisms at time t

No = number of coliform organisms at time to

C, = total amperometric chlorine residual at tim t, mg /1

t = residence time, min

Germicidal efficiency of various chlorine compounds: For a given contact time or

residual, the germicidal efficiency of hypochlorous acid, in terms of either time or

residual, is significantly greater than that of either the hypochlorite ion or

monochloramine. It should be noted, however, that given an adequate contact time,

monochloramine is nearly as effective as chlorine in achieving disinfection.

It has been found that hypochlorous acid offers the most positive way of achieving

disinfection. For this reason, with proper mixing, the formation of hypochlorous acid

following breakpoint is most effective in achieving wastewater chlorination. If

sufficient chlorine cannot be added to achieve the breakpoint reaction, great care

must be taken to ensure that proper contact time is maintained. Because of the

equilibrium between hypochlorous acid and the hypochloric ion, maintenance of the

proper pH is also important if effective disinfection is to be achieved.

Initial mixing: Only recently has the importance of initial mixing on the disinfection

process been demonstrated conclusively. It was shown that the application of

chlorine in a highly turbulent regime (NR = 104) resulted in kills two orders of

magnitude greater than when chlorine was added separately to a continuous-flow

stirred-tank reactor under similar conditions.
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Breakpoint reaction: If nitrogenous compounds are present in the wastewater, a

portion of the chlorine that is added will react with these compounds, and by the time

it is injected, it will be in the form of monochloramine or dichloramine. This can be a

problem in small installations or where the chlorine solution lines from the

chlorinator to the point of injection are quite long. It has been shown, however, that

with proper initial mixing Bacterial kills are the same whether untreated or treated

effluent is used for the injector water supply. From the evidence to date, proper initial

mixing appears to be more important in achieving effective disinfection than the

form in which the chlorine is injected. Again, it should be remembered that

hypochlorous acid (HOC!) and mono chloramine (NH2Cl) are equally effective as

disinfecting compounds; only the required contact times are different.

Contact time: Longer contact time imparts more effective disinfection result at

constant amount of chlorine.

Characteristics of the wastewater: It has often been observed that, for treatment

plants of similar design with exactly the same effluent characteristics measured in

terms of BOD, COD, and nitrogen, the effectiveness of the chlorination process

varies significantly from plant to plant. The degree of interference of the compounds

studied depended on their functional groups and their chemical structure. Thus

different interfering compounds having different functional groups and chemical

structures react differently resulting different chlorination efficiency, though other

factors are same.

Characteristics of the microorganisms: Chlorination is more efficient in case of

lower aged microorganism than higher aged microorganism. For a young bacterial

culture (l d old or less) with a chlorine dosage of 2 mg/l, only I min was needed to

reach a low bacterial number. When the bacterial culture was 10 d old or more,

approximately 30 min was required to achieve a comparable reduction for the same

applied chlorine dosage.

2.5 Coagulation

Chemical coagulation in the water treatment is the process of bringing suspended

matter in untreated water together for the purpose of settling and for the preparation

of the water for filtration. Coagulation involves three specific steps, which are:

Coagulation, Flocculation, and Sedimentation.
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2.5.1 Coagulation process

Coagulation is accomplished by the addition of ions having the positive charge to

that of negative charged colloidal particles. The coagulating power of an ion is

dependent on its valency. A bivalent ion (+2 charge) is 30 to 60 times more effective

than a monovalent ion (+ I charge). A trivalent ion (+3 charge) is 700 to 1000 times

more effective than a monovalent ion (www.geocities.com).

In water-treatment plants, coagulation is usually accomplished by the addition of

trivalent metallic salts such as AL2(S04)3 (aluminum sulfate) or FeC!) (ferric

chloride).Four mechanisms are thought to occur. These include ionic layer

compression, adsorption and charge neutralization, sweep coagulation and

interpartical bridging.

2.5.1.1 Ionic layer compression

(b)

Distance between
particles

(bJ reduction of net

i

III diffused layer

Counter ions

4 Diffused ~
Laver

The quantity of ions in the water surrounding a colloid has an effect on the decay

function of the electrostatic potential. As illustrated in Fig. 2.11 a high ionic

concentration compresses the layers composed predominantly of counter ions toward

the surface of the colloid. If this layer is sufficiently compressed, then the Van der

Waals force will be predominant across the entire area of influence, so that the net

force will be attractive and no energy barriers will exist and thus coagulation and

settling will occur (Peavy, 985).

Distance from particle
(a)

Figure 2.11 : Ionic compression:
(aJ reduction of thickness

force(Peavy, 1985)

i

http://www.geocities.com.
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2.5.1.2 Adsorption and charge neutralization

The nature of the ions has also got the prime importance in the theory of adsorption

and charge neutralization.

The ionization of aluminum sulfate in water produces sulfate anions (sol") and

aluminum cations (Ae+). The sulfate ions may remain in this form or combine with

other cations. However, the Ae+ cations react immediately with water to form a

variety of aquometallic ions and hydrogen.

A13++ H20 --->

Ae+ + 2H20 --->

7A13++ 17H20 --->

AIOH2++ H+ -------------------(xxvi)

AI(OH2)++ 2H+------------------(xxvii)

Ah(OH)174++ 17H+-------------(xxviii)

AI(OH)3 + 3H+-------------------(xxiv)

The aquometallic ions thus formed become part of the ionic cloud surrounding the

colloid and because they have a great affinity for surfaces are adsorbed on to the

surface of the colloids where they neutralize the surface charge. Once the surface

charge has been neutralized, the ionic cloud dissipates and the electrostatic potential

disappears so that contact occurs freely. Overdosing with coagulants can result in re-

stabilizing the suspension. If enough aquometallic ions are formed and adsorbed, the

charges on the particles become reversed and the ionic clouds reform, with negative

ions being the counter ions. Ferric chloride behaves similarly as Alum ..

2.5.1.3 Sweep coagulation

According to Eq. (xxvi), the last product formed in the hydrolysis of alum is

AI(OH)3. The AI(OH)3 forms in amorphous, gelatinous floes that are heavier than

water and settle by gravity. Colloids may become entrapped in a floc as it is formed,

or they may become enmeshed by its "sticky" surface as the floes settle. This process

of sweeping colloids from suspension is known as sweep coagulation.

,
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2.5.1.4 Inter particle bridging

Large molecules may be formed when aluminum or ferric salts dissociate in water.

Equation (xxv) is an example. Synthetic polymers also may be used instead of, or in

addition to metallic salts. These polymers are highly surface reactive. Thus, several

colloids may become attached to one polymer and several of the polymer-colloid

groups may become enmeshed, resulting in a settleable mass.

In addition to the adsorption forces, charges on the polymer may assist in the

coagulation process. Metallic polymers are positively charged, while synthetic

polymers may carry positive or negative charges or may be neutral. Judicious choice

of appropriate charges may do much to enhance the effectiveness of coagulation.

2.5.2 Aluminum sulfate (Alum) as coagulant

Aluminum sulfate is also known as alum, filter alum, and alumina sulfate. Alum is

the most widely used coagulant. In water, alum can react with hydroxides,

carbonates, bicarbonates, and other anions to form large, positively charged

molecules. Carbon dioxide and sulfate are generally byproducts of these reactions.

During the reactions, alum acts as an acid to reduce the pH and alkalinity of the water

supply. It is important that sufficient alkalinity be present in the water supply for the

various reactions to occur.

On a theoretical basis, 1.0 mg/I of dry alum will react with:

1. 0.50 mg/I of natural alkalinity as calcium carbonate.

2. 0.33 mg/I of 85% quicklime as calcium oxide

3. 0.39 mg/I of 95% hydrated lime as calcium hydroxide

4. 0.54 mg/I of soda ash as sodium carbonate

Alum can be effective in the pH range of 5.5 to 7.8, but seems to work best in most

water supplies in a pH range of 6.8 to 7.5. Below a pH range of 5.5, alkalinity in the

water supply is generally insufficient. The aluminum ions become soluble rather than

insoluble and do not participate in the hydration and olation reactions necessary to

make alum effective as a coagulant. When the pH level of the water is above 7.8 after

the addition of the alum, the aluminum ions again become soluble, and the efficiency

of coagulation is also decreased.
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2.5.3 Flocculation

Following the dispersal of the coagulants into the water and the completion of the

destabilization reactions, Vander waals forces will act to join the colloids if

sufficient collisions of the destabilized colloids can occur. The purpose of the

flocculation step is to create a gentle agitation to encourage collisions of the colloids

to form larger floc particles. Flocculation is generally accomplished by gentle

agitation. Mean velocity gradients of 20 to 70/ second are usually provided for

adequate flocculation. Detention time in the flocculation step is usually ranges from

30 to 45 minutes (www.geocities.com).

2.5.4 Sedimentation

In the sedimentation step, water containing the large floc particles which have

formed in the flocculator flows to a much larger vessel, and the velocity of water

flow is slowed down in order to allow the floc particles to settle. Sedimentation

basins are usually built to allow a minimum of two to four hours of detention time.

Usually the basins are sloped on the bottom to allow the sludge to collect at one point

to facilitate removal. Settled water is always collected at the top of the basin to avoid

collecting any of the settled floc particles. Generally, the weirs or opening have a

large amount of surface area, which helps to keep the velocity of the water as low as

possible as the water leaves the sedimentation basin. This helps to prevent the

breakup of any residual floc particles which have not settled. Regardless of the

quality of the source water, an effective coagulation, flocculation, and sedimentation

process should produce water, which generally does not exceed an average turbidity

of 5NTU(www.geocities.com).

2.6 Filtration

Filtration is the process - of passing a properly treated water through a bed of some

type of media for the purpose of reducing the particle concentration present in the

water.

After the coagulation, flocculation, and sedimentation processes are complete, the

raw water is much cleaner, but is not yet potable. Even in a high quality unfiltered

treated water having a total suspended solids concentration of 0.1 mg/I,

r

http://www.geocities.com.
http://NTUwww.geocities.com.
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approximately 200 million particles are present per liter. Therefore, filtration of the

water is essential in further reducing the concentration of these constituents.

Traditionally, filtration has been designed and used to remove suspended material,

such as colloidal river silt, iron, and manages from drinking water supplies. More

recently, however, filtration facilities are being designed to remove aquatic

organisms, primarily giardia cysts. Since the presence of giardia cysts in water

supplies can result in waterborne outbreaks of giardiasis, filtration is necessary to

completely remove theses organisms.

2.6.1 Filtration process

Typical bacteria and giardia cysts that can be removed in filtration are about 10 to 20

times smaller than the space between the filter media grains. If these contaminants to

be removed are not pulled together in the coagulation process, most of them will

easily pass through the filter media. However, if effective coagulation and

flocculation are practiced, these materials will combine to form floc which will

usually range in size slightly less than 0.1 mm to 2 mm.

The two main processes occurring in filtration are straining and adsorption.

Adsorption is much more prevalent than straining, but both depend on proper

pretreatment prior to the water contacting the filter bed. Thus removal of turbidity

based on:

o Chemical characteristics of the source water.

o Nature of the suspension (physical and chemical)

o Type and degree of pretreatment: coagulation, flocculation, and

sedimentation.

o Filter type and operation- flow rate important

The removal mechanisms of particulate in the filter process are adsorption,

sedimentation on media, straining (most particles removed are smaller than the

media pore sizes), adsorption - carbon fibers, biological actions - BAF's etc ..

2.7 Guideline Values of Surface Water for Water Supply

Water for public water supplies should be drawn from the best available source for

best cost -effective treatment of water. The degree and method of treatment to make

r
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water potable and attractive to the consumers depended on the characteristics of raw

water. Table 2.1 shows the recommended water quality standards for surface water

sources for development of water supply in Bangladesh. The impurities that can be

easily reduced to permissible level by conventional treatment process can be allowed

in higher concentrations in water to be used as sources of water supply.

Table 2.1: Bangladesh water quality standards of surface water for water supply

(Ahmed,2001)

Values for water supply by

Water quality Unit Disinfection only Conventional

parameters treatment

pH -- 6.5 - 8.5 6.5 - 8.5

Biochemical oxygen mg/l 2 or less 3 or less

demand (BOD)

Dissolved oxygen (DO) mg/I 6 or more 6 or more

Total coliform Number/IOOml 50 or less 5,000 or less

2.8 Drinking Water Quality Standard of Bangladesh

The WHO international standards for drinking water first published in 1958 were

revised in 1963, 1968 and 1971. Bangladesh developed the first water quality

standards in 1976 based on the WHO 1971 International Drinking Water Standards.

The Ministry of Environment and Forests, Government of Bangladesh, adopted

comprehensive water quality standards for drinking water by Gazette notification in

1997 as Environmental Conversion Rules under the Environmental Conversion Act,

1995. The Bangladesh Drinking water standards, 1997 with WHO guideline values,

1996 are presented in Table 2.2.

Table 2.2: Drinking water quality standards

Sl. Water Quality Parameters Unit
Bangladesh WHO Guide

No. Standards line Values.
I pH -- 6.5 - 8.5 6.5 - 8.5

2 Turbidity NTU 10 5

3 Color pt. co unit 15 15

4 Total Dissolved Solids (TDS) mg/I 1000 1000
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5 Total Alkalinity as CaC03 mg/I --- ---
6 Total Hardness as CaC03 mg/I 200 - 500 ---
7 Total Coliform (TC) # /100 ml 00 00 TC!IOOml

TC/lOOml

8 Fecal Coliform (FC) #/lOOml 00 00 FC/lOOml

FC/lOOml

9 Arsenic, As mg!1 0.05 0.01
10 Chloride, CI mg/I 150-600 250
II Fluoride, F mg!1 I 1.5
12 Iron, Fe mg/I 0.3 0.3-1.0
13 Manganese,Mn mg/I 0.1 0.1

14 Nitrate-Nitrogen, N03-N mg!1 10 50
15 Ammonia-Nitrogen, NH3-N mg!1 0.5 1.5
16 Dissolved Oxygen, DO mg/I 6 ---
17 Chemical Oxygen Demand mg!1 4 ---

(COD)

18 Biochemical Oxygen Demand mg/I 0.2 ---
(BOD,)

19 Sulfate, S04 mg!l 400 250
20 Phosphate, P04 mg!1 6 ---
21 Aluminum, Al mg!1 --- 0.2
22 Chromium, Cr mg/I 0.05 0.05
23 Free Chlorine mg/I --- 0.6-1.0
24 Lead, Pb mg!1 --- 0.01
25 Zinc, Zn mg!1 5 3

\)

f
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Chapter -Three

SAIDABAD WATER TREATMENT PLANT

3.1 General

Nobel laureate Szent-Gyorgy has called water 'the matrix of life.' And thus water is a

synonym for life but it is true as long as it is pure. Hence. to make water (I) safe for

drinking (2) pleasant of taste and (3) suitable for domestic uses Saidabad Water

Treatment Plant was inaugurated on July 27, 2002. Surface water from the

Sytalakhya river is delivered to DND canal by pumping at Sarulia point. Again the

water is pumped and lifted by high capacity pumps at Mridhabari point and is

delivered to the inlet of the plant, the raw water is then treated at the plant. The

treatment capacity of the plant is 225 MLD. A partial photograph of the plant is

shown in fig. 3.1:

Figure 3.1: Saidabad Water Treatment Plant,(Sharanika of DWASA,2002)

3.2 Hydraulic Structures

Different hydraulic structures installed between the raw water inlet and the treated

water discharge pipes are defined in the flow diagram (fig. 3.2).

I
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Figure 3.2: Flow diagram of Saidabad Water treatment Plant, (Sharanika of
DW ASA,ZOOZ)

3.3 Treatment Process

Treatment process, introduced from raw water intake to distribution system are as
follow

i. Pre-chlorination

Chlorination of public water supplies and polluted water serves primarily to destroy

or deactivate disease-producing microorganisms.

In treatment processes at first certain chlorine dose as pre-chlorination is added

before alum mixing. Pre-chlorination is designed to avoid the development of algae

in the treatment plant, to kill the pathogenic microorganisms, to oxidize the nitrites,

iron, organic matter, and ammonia and also to reduce effectively the color.
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ii. Chemical coagulation

Surface water generally contains different types of colloidal materials that may cause

the water to appear turbid and may impart color to the water. Colloidal particles that

cause color and turbidity are difficult to separate from the water because the particles

will not settle by gravity and are so small that they pass through the pores of most

common filtration media. So, in the context, a chemical agent is used to promote

colloidal aggregation by destroying the forces that stabilize colloidal particles.

The common metal salt alum (aluminum sulfate) is a good coagulant for water

containing appreciable amount of organic matter. In our treatment process alum is

injected into the chemical mixing chamber after Pre-chlorination.

iii. Pre-liming (Optional)

When pH of raw water is found below at a certain level that not favorable for the

flocculation. So in this situation, lime shall be injected into the water to be treated in

upstream from the mixing chamber.

iv. Filtration

Flocculation-sedimentation followed by a filtration stage to reduce color, turbidity

and suspended solids contents.

v. Post-liming (Optional)

Filtered water is neutralized using lime in order to reach at least the equilibrium pH.

When treated water pH is more than 7.0, post-liming is not needed.

vi. Post-chlorination

Final disinfection is used to avoid any bacterial growth in the storage reservoir, in the

distribution network. Post-chlorination keeps the water free of germs up to the

consumers.

(



36

3.4 Seasonal Variation of Water Quality Parameters

Table 3.1: Water quality parameters found before and after treatment at Saidabad water treatment plant

(Average Results)

pH NH3 (mg/l) Color Turbidity COD (mg/l) NO, (mg/l)
Alkalinity

(pt.eo.unit) (NTU) (mg/l)
.c-c: * * ~ ~ " ~ ~ ~ " ~ ~= ~ ~ * ~ u 1<l u ~ * 1<l:; 1;; ~ 1;; ~ ~ 1;; ~ 1;; ~ ~ 1;; ~~ "0 ~ "0 ~ "0 ~ "0 ~ "0 ~ "0 ~ "0

~
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

~
1<l

~ oj ~ OJ ~ oj ~ ~ ~ ~•... '" •... •... '" •... '" •... '" •... '" •...
Jan'06 7.20 7.12 2.87 2.57 11.37 1.47 6.70 0.56 157.00 145.00

Feb'06 7.39 7.24 6.89 632 22.29 7.81 12.12 2.74 20332 184.91

Mar'06 7.64 734 7.55 6.70 27.27 lJ33 15.15 3.53 0.90 1.93 234.92 205.50

April'06 7.47 7.23 2.81 2.21 1030 4.50 11.30 U6 1.80 2.50 184.00 157.00

May'06 7.29 7.14 1.66 1.24 10.60 4.63 11.84 0.56 0.87 1.52 145.17 121.56

Jun'06 6.93 6.83 0.68 O.lJ 7.90 2.67 49.10 0.55 0.70 LlO 43.00 31.00

July'06 6.92 7.01 0.46 0.00 7.73 2.40 53.90 0.21 0.20 1.20 47.00 41.00

Aug'06 6.79 6.84 0.45 O.oJ 4.80 0.65 40.19 0.19 0.76 1.46 52.98 45.51

Sep'06 6.72 6.89 034 0.06 4.50 0.60 29.50 0.20 1.30 1.87 6636 57.86

Oct'06 6.56 6.78 0.50 0.06 5.50 0.62 16.90 0.20 1.50 2.10 58.00 50.00

Nov'06 6.92 6.92 1.38 1.03 10.00 2.44 6.43 0.29 1.10 1.97 114.14 101.36

Dec'06 7.10 6.97 JAO 2.87 10.50 3.25 5.67 0.80 1.45 2.15 170.50 147.17

Jao'07 7.21 7.02 4.67 4.40 12.71 3.86 5.46 1.23 lJ 8 1.20 2.20 187.75 174.63

Feb'07 737 6.97 8.27 735 3JA4 17.20 19.75 4.80 23.5 15 1.30 1.70 255.00 227.60

Marr07 738 6.98 9.37 8.56 36.64 17.27 17.13 3.57 23 20 0.70 1.50 237.40 208.10

April'07 738 7.10 4.82 4.02 34.27 14.53 10.41 1.52 2335 lJ.15 2.00 2.70 22330 203.50

May'O? 7.47 7.21 3.05 2.63 24.83 7.92 8.19 0.94 230 0.20 182.70 159.60

June'07 7.00 6.86 0.96 0.48 23.73 5.46 18.73 0.24 15.70 9.50 0.50 0.095 73.49 5730

July'07 6.92 6.86 0.59 0.06 1930 2.75 23.90 033 030 1.90 48.00 38.00

Aug'07 6.94 6.86 0.50 0.01 19.30 3.00 30.90 0.42 5 1 0.80 1.30 48 37

Sep'07 6.88 6.91 0.40 0.00 19.50 2.40 27.40 036 0.30 0.70 48 41

Oct'07 6.84 6.76 033 0.01 lJ.10 238 18.80 036 1.40 4.20 46 37

Nov'O? 6.93 6.85 0.67 0.23 22.00 3.lJ 10.80 0.40 8 4 0.50 1.30 72 64

Dec'07 7.06 6.72 1.70 U7 26.70 6.11 830 0.45 1.00 1.60 128 110

Jao'08 7.24 7.08 3.91 3.29 42.40 9.11 6.90 1.35 IJ 10 UO 2.20 175 152

Feb'08 731 7.07 6.81 6.02 51.40 12.07 23.50 3.85 20 15 1.70 2.20 212 182

Mar'OS 7.53 7.17 8.54 7.78 59.00 12.80 31.90 532 2.70 2.00 218 190

April'08 7.55 7.27 7.95 7.16 46.80 8.78 13.50 3.72 2.00 1.50 207 187

May'08 7.27 7.09 230 1.77 4230 6.70 9.00 0.51 UO 1.23 123 110

June'08 6.84 6.71 0.93 0.22 29.70 4.80 31.00 0.70 9 7 0.90 0.64 46 37

July'08 6.80 6.76 0.57 26.00 2.43 42.10 0.17 9 2 0.90 UO 43 32

Aug'08 6.98 6.86 0.43 0.00 17.80 1.80 30.20 0.29 0.60 1.00 37 32

Sep'08 6.87 6.88 0.28 21.00 032 14.30 032 1.00 1.30 45 34

Oct'08 6.94 6.94 0.22 0.00 16.80 2.00 9.80 035 1.00 1.00 53 45

Nov'08 7.14 7.08 0.44 0.07 17.00 1.83 11.00 036 1.00 1.20 60 53

Dec'08 7.27 7.21 1.78 1.34 24.10 2.00 7.20 031 0.50 1.30 94 76
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Observations from the table 3.1:

The data in table 3.1 for the period January'06 to December'08, represents the

monthly average values of pH, NH), color, turbidity, COD, NO) and alkalinity in the

raw water and in the treated water. Following observations can be pointed out:

1. pH value of raw water always remains within the allowable limit (6.5 - 8.5).

The highest value was found 7.64 in the month of March'06 and that was

6.56 in the month of Oct' 06.

2. NH3 in the raw water is very high (allowable limit is 0.5 mg/l) from January

to May each year i,e, during the dry season.

3. During the year 2006 color in the raw water is found high exceeding

allowable limit or closer to allowable limit 15 pt. co unit from January to

May. But during the year 2007 and 2008 color content in raw water is found

always higher than allowable limit.

4. Turbidity in raw water is found high (allowable limit 10 NTU) during

monsoon i,e, from June to October and also during extreme dry season i,e,

from February to April.

5. From the data it is observed that the value of COD in raw water is much

higher than allowable limit 4 mg/I during the month of January to April i,e,

during the dry season of the year.

6. NO) in the water is always within the allowable limit of 10 mg/1.

7. Alkalinity is found high in the raw water during the dry season (January to

May). Lower values are found during other seasons of the year except during

the year 2007, when it is found high during November and December also.

3.5 Treatment cost at Saidabad Water Treatment Plant

Under present state of treatment, Annual expenditure including overhead, plant

maintenance cost etc. is approximately BDT 200 million. Annual production of

treated water is approximately 76650 million liter. Hence production cost is approx.

BDT 2609 per million liter.

Cost of Chemical per million liter is approximately as below

Average production of 210 MLD requires approximately 1MT chlorine in gaseous

form, 7 MT alum and lime (optional). Cost of chlorine is BDT 7000.00, cost of alum

is BDT 157500.00 and that oflime say BDT 100.00 per day approximately. Thus the

total cost of chemical is BDT 783.80 per million liter.
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Chapter-Four

LABORATORY INVESTIGSTION METHODOLOGIES

4.1 Introduction

The renowned environmental Lab at BUET was used for testing to find out different

water quality parameters in raw water and their changes under different type of tests.

The quantity of different water quality parameters are being tested regularly at the

Lab. Hence all types of facilities are available to find out the expected impact of

different treatment under suitable condition.

Some data were also taken form the Laboratory of Saidabad water treatment plant

during the progress of experiment.

The tests and treatments performed are aeration, air shipping, chlorination and

coagulation under different conditions to reach to the goal of having the proper

treatment process for raw surface water containing high concentration of ammonia

and organic matter.

4.2 Sample Collection

Raw surface water was collected as sample during the dry season from DND khal at

Mridhabari location (just in front of intake pump station of SWTP). 6 (six) air tight

container 2 nos. 20 litre capacity each and 4 nos 10 liter capacity each were used to

carry the sample from Mridhabari to BUET Lab.

To keep the same characteristics of the sample as III the DND khal, special

precaution was adopted by air tightening and least jerking to avoid exchange of gases

between the sample and the atmosphere during carrying to the BUET Laboratory.

In most cases, those collected raw water was used within a week of each collection.

To find out the practical solution of getting water of standard quality from raw water

having high concentration of ammonia and organic compound, dry season from

March to May was selected to collect and test the sample using different treatment

options.

For each sample the water quality parameters at raw state were determined first at the

laboratory.
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4.3 Investigations at the Laboratory

Raw water, collected from DND khal was tested each time to find out the quantity of

water quality parameters. pH, NH}, turbidity, color alkalinity, COD, NO}, BODs, etc.

were checked at the Laboratory. The water then treated applying different methods

like aeration, alum coagulation etc. pH was adjusted to different values, air applied

differently, chemical doses were changed and also the contact time, sedimentation

time etc. were taken differently during treatment of the water. The changes of

parameters were found out and noted at different stage of treatment.

4.3.1 Determination of parameters

pH: pH meter was used to determine pH. A standard pH solution was used to

calibrate the meter. After calibration of the meter it was inserted into 100 ml of

undisturbed sample and after some time equilibrium attended and the meter was

taken off from the solution and the reading was noted.

Turbidity: DR LANGE turbidimeter was used to determine turbidity. Before testing

it was ensured that the meter was standardized recently. The sample was agitated to

have more or less uniform distribution of suspended solids. The water sample was

then poured into a clean sample cell and the cell then placed in the sample holder and

was covered to protect light. Switch was then turned on and the reading was noted

from the monitor of the turbidimeter (fig. 4.1).

.,

Figure 4.1: Turbidimeter
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Color: Sample filtered then taken in a clean 10ml cell and placed III the

spectrophotometer (HACH, DR 4000U) to get the value in pt. co unit.

Ammonia (NH3): If Ammonia is considered to be present in high concentration in

the sample, higher amount of distilled water to be used for dilution and the dilution

factor would be found out accordingly. At laboratory 5 to 12.5 dilution factor was

used. In 25ml cell the diluted sample kept and placed at spectrophotometer to get the

value in mg/I.

Nitrate (N03): Due to destruction of NH3 during water treatment, Nitrite (N03) is

produced as below.

4Cb + NH3 + 3H20 = 8Cl" + NO-3 + 9H+-----------------------------------(i)

Hence it is essential to check whether the quantity of N03 goes beyond the

acceptable limit (10 mg/I) or not. At the laboratory we used 5 as dilution factor to

find out N03. That means 5mL of sample was mixed in 20ml of distilled water in a

25ml cell. The cell was then placed in the spectrophotometer and the obtained result,

was multiplied by 5 to get the value ofN03 in mg/I.

Alkalinity: Phenolphthalein indicator, standard 0.02N (or N/50) sulfuric acid and

methyl orange indicator were used as reagent in determining alkalinity of water.

100ml sample was taken in a beaker pH of the sample was checked and recorded.

Three drops of phenolphthalein indicator were mixed. When the color turned to pink

(high alkaline sample), some drops of 0.02N H2S04 added by burette. When color

disappeared then 3 drops of methyl orange indicator used and 0.02N H2S04 was

mixed drop by drop and continued up to changing of color to light orange tinge.

Incase of low alkalinity pink color does not appear and no need of sulfuric acid to

pour before mixing of methyl orange indicator. The alkalinity was calculated from

the amount of sulfuric acid used multiplied by multiplication factor and was

expressed in mg/I as CaCo3.

Chemical oxygen demand (COD): In determining COD 2ml of sample was taken

into a COD vial (Low range vial used and the mixture was shaken. The prepared

sample was then kept in the COD reactor and heated for two hours at 150°C
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temperature. Then it was taken out and kept for half an hour at normal temperature.

The COD was then found out by the spectrophotometer (figA.2). The reading •

obtained in mgll.

Figure 4.2: Spectrophotometer

BODs: The total amount of oxygen that will be required for bio-degradation is an

important measure. A standard practice is to determine the oxygen requirement of

micro organisms to oxidize organic matter for first 5 days. Ultimate requirement for

complete degradation is higher than BODs.

To determine BOD, amount of dissolved oxygen (DO) is determined using the

reagents Manganous sulfate solution, Alkaline Potassium iodide solution, O.025N

sodium thiosulfate, starch solution (indicator) and concentrated sulfuric acid.

To determine BODs, two bottles were completely filled with sample (or diluted

sample). Initial DO (DOi) was determined in one bottle and the other was kept in

dark at 20°C for 5 days. After five days the dissolved oxygen (D0r) was determined.

The 5 days BOD was then determined by the following relationship.

BODs= [DOi - DOr]X D.F. ----------------------------(ii)

Where D.F. = Dilution factor = (Vol. of waste water + dilution water) / (Vol. of

waste water)

"
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To ensure adequate bacterial population some times it becomes necessary to seed the

diluted water with microorganisms. In such eases, two sets of BOD bottles are

prepared, one for just the seeded dilution water (called the "blank") and the other for

the mixture of waste and dilution water. The changes of DO in both are determined.

The oxygen demand of the wastewater (BODw) is then determined from the

following relationship.

BODm Vm= BODwVw+ BODd Vd-------------------------------(iii)

Where BODm is the BOD of the mixture of waste water and dilution water and BODd

is the BOD of dilution water alone; Vw and Vd are the volumes of waste water and

dilution water respectively, in the mixture. The volume of mixture Vm=Vw+Vd.

Photograph presented in fig.4.3 was taken at a stage of determination of D.O.

Figure 4.3: Determination of Dissolved Oxygen (D.O.)
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4.3.2 Treatment of water

Aeration: Aeration is used to remove undesirable VOCs or to add oxygen to water to

convert undesirable substances to a more manageable form.

At the laboratory the raw water was kept in a bowl having exposed area of 7t/4xO.32 =

0.07068 sqm. and depth 100 mm. Water quality parameters of the raw water were

determined. Then what type of changes occur due to contact with air were

determined several times at an interval of I hr, 2 hr, 3hr, 5hr, 8 hr, etc. and the results

thus obtained were compared.

To ensure better contact a plastic aeration tower having inside dia. 5" and height 6'

was introduced. 25 mm to 4.75mm size gravel, coal, 12mm dia. and 12mm length

plastic rings were used as packing materia!. Water poured from the top and collected

through an outlet at the bottom of the tower. The values of the water quality

parameters of the collected water were checked. Different height and different

orientation were used and the impacts were observed.

Air stripping: This process involves the mass transfer of volatile contaminants from

water to air. Air stripping provides more efficient removal of VOCs from

contaminated water than aeration. Three types of air stripping vessels were used at

the laboratory, these are

(i) A plastic pipe of inside dia. 5" and height 6' having out let and inlet pipes -it

was prepared for the test.

(ii) A PVC pipe of inside dia 2" and height 6' with inlet and out let pipes- it was

also prepared for the test.

(iii) Glass cones as available at the Laboratory.

Two types of air blower as follow were used.

(i) Capacity 0.1 cum/min, 600 rpm and IOkg/cm2 rated pressure.

(ii) Capacity 1.5 litre/min = 1.5 x I0.3 cum/min or 0.09 cum per hr.

Gravel of size 25mm to 4.75 mm. Coal and Plastic rings of dia. 12mm and length

12mm were used as packing material, a number of tests were also carried out without

Packing materials.
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Requirement of air at the laboratory temperature (28°C to 30°) to remove maximum

NH3 was found out from the curve Fig 2.8. Accordingly air pushed by the blower. pH

was adjusted as per target by using NaOH and diluted sulfuric acid to find out

impacts of pH on air stripping.

For the tests, where packing materials were used, packing materials were placed in

the air stripping tower first. Then the water sample poured and filled about 6" above

the top of the packing materials. For the tests, without packing materials, water

sample was placed at first. Calculated amount of air was pushed then through inlet by

the blower to remove ammonia and other VOCs. pH of the sample was adjusted

before pouring into the stripping tower.

Water quality parameters were tested at different stages of experiment to determine

their changes due to air stripping under different conditions.

Chlorination: Chlorination is widely used in the water purification system. Chlorine

oxidizes different organic and inorganic impurities as well as living cells present in

the contaminated water. Normally at plants chlorine in gaseous form is used, but at

the laboratory bleaching powder (NaOCI) was used as a source of chlorine.

The strength of chlorine in the bleaching powder was determined and found 46.50%

in most cases. With this bleaching powder and distilled water I mg/ml solution was

prepared as stock solution. The water quality parameters were determined before

chlorination. Then it was treated with the stock solution in many ways. Some times

sample of different pH used, different contact times were taken and also different

doses were applied to have different types of result. After chlorination the water

quality parameters were again checked and thus most suitable condition was found

out.

Residual chlorine after treatment is an important measure. Because due to

chlorination it has been found to produce trihalomethanes (THMs) and other organics

health concern (THMs are suspected for human carcinogens). Hence to do that break

point chlorination was carried out at the laboratory. Residual chlorine at B.P. is 0.89

mg/l (fig.4.4).
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Figure 4.4: Break Point Chlorination

Residual chlorine was determined by Starch-Iodine method. Starch indicator,

standard 0.025N Sodium thiosulfate solution, Potassium Iodine crystal, concentrated

Acetic acid were used in the process. I mg of Potassium Iodine and 2ml of

concentrated Acetic acid were mixed in 200ml sample. Then 0.025N Sodium

thiosulfate (Na2S20) was poured drop by drop by burette to titrate the sample as in

fig.4.5. When the yellow color was almost disappeared I ml of Starch solution was

added to the water. Addition of Na2S20) solution was continued until the blue color

was just disappeared. Quantity of Na2S20) solution used, was recorded. Following

reaction took place during the experiment.

Ch + 21"= h + 2CI" --------------------------- (iv)

h + 2Na2S20) = Na2S406 + 2Nal ------------ (v)

h + 2S202.) = S402'6 + 21' ------------------- (vi)

h + Starch -> Blue color ------------------------(vii)

<
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Actually quantity of chlorine residuals was determined by measuring the quantity of

Iodine by titration with the reducing agent Sodium thiosulfate. Calculation is as

follow

Residual chlorine (mgll) = mI of 0.025N Sodium thiosulfate used x Multiplying

Factor (MF)

Where multiplying factor,

MF = normality ofNa2Sz03 x equivalent of Ch x 1000/(ml of sample taken)

1000Hence, MF =0.025 x 35.45 x --= 4.43125
200

Figure 4.5: Determination of residual Chlorine by tritation

Chemical Coagulation: The process of destroying the stabilizing forces and causing

aggregation of colloids is referred to as chemical coagulation. Coagulation involves

reduction of electrical forces of repulsion and promotion of "chemical type"

interaction between colloids, which eventually results in settling of the colloids and

accomplishes removal of turbidity and color e.tc. At higher coagulant doses, "charge

reversal" is possible which may result in re-suspension of the colloids. Hence

optimum coagulant doses are necessary to determine.

,
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Coagulation is associated with flocculation. During coagulation, charge on particles

is destroyed and during flocculation aggregation of particles into larger units (floc

formation) occur.

During treatment of water by coagulation at laboratory, alum i,e, Ah(S04)3, 14HzO

was used as coagulant. When it dissolved hydroxo-complexes and solids e,g,

Al(OH)3(S),AI(OHi+, Al(OH)z+, Al(OHt4 were formed. Al(OH)3(S) played vital role

in formation of flocs and aggregation of colloidal particles. 1 gmIl alum solution was

used at the laboratory. 500ml test sample used in each beaker. Different experiments

carried out with different alum dose, at different pH values to get different impact on

removal of water quality parameters. Different sedimentation time also allowed

during coagulation.

Fixed dose of alum sample was poured into the sample. Then mixing carried out in a

SW6 flocculator (figA.6).

D

)
__ c;]~ -

Figure 4.6: Formation of flocs by flocculator (SW6)

Rapid mixing for one minute followed by 15 minutes of slow mixing (about 40 rpm)

was done. The sample was then kept undisturbed to settle the flocs. Supernatant from

the beaker was collected and water quality parameters were determined to check the

variations under different conditions.
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Cha pter- Five

RESULTS AND DISCUSSIONS
5.1 Introduction

Raw samples collected from DND khal were treated with aeration, air stripping,

chlorination and coagulation. Impacts of these treatments on removal of NH3,

turbidity, color, COD, N03, alkalinity etc. were checked at different stages and under

different conditions. Besides the above sludge deposition due to chlorination and

coagulation was checked and the same for only coagulation was also checked and

compared. Increase of alkalinity with the increase of pH by NaOH and CaO were

checked. Test results were plotted by curves and columns and from those different

types of impacts were discussed in this chapter.

5.2 Effects of Aeration and Air Stripping

Different tests were carried out using Aeration and air stripping to obserVe the

removal status of ammonia, turbidity, color, COD, N03, alkalinity e.t.c.

5.2.1 Removal of ammonia by aeration at random pH

Three tests were carried out to observe the removal of ammonia by aeration at

random pH. Ammonia in the raw sample was found 9.50 mg/I and the random pH

was 7.22.

Experiments were as follow:

(i) Effects of height of packing material (gravel)

(ii) Effects of different packing materials

(iii) Effects of duration of atmospheric contact on removal of ammonia

(sample was kept exposed to air)

5.2.1.1 Effects of height of packing material (gravel)

Size of gravel was 25mm to 4.75 mm. Packing heights were taken 300 mm and 600

mm in a 125mm dia. plastic cylinder. One liter of raw sample was poured in the

cylinder at the top and a portion was collected through an outlet at the bottom.

Ammonia content of the collected water was checked and found 9.10 mg!1and 8.50

mg!1 against packing height was 600mm and 300mm respectively. Results were

shown in fig.5.1.
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I =Initial ammonia content; 2= Ammonia content after aeration using 300mm packing height; 3=

Ammonia content after aeration using 900mm packing height;

Figure 5.1: Effects of height of packing material (gravel)

At both cases ammonia was reduced. Reduction was about 2.5 times more while

packing height was taken double. Scope of sample to attach with air for longer time

was probably the cause of such result.

5.2.1.2 Effects of different packing materials

600mm gravel plus 300mm coal used as packing materials. One liter raw sample

having 9.50 mgll ammonia and pH value 7.22 was poured and the sample collected at

the bottom and tested for ammohia content and found 9.35 mgll. Results were plotted

as below (fig.5.2):

9.35

2

I=Ammonia content after aeration using 600mm gravel as packing material; 2= Ammonia content

after aeration using 600mm gravel and 300mm coal as packing material

Figure 5.2: Effects of different packing materials
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Removal, whim coal was used with gravel was less. Most probably presence of coal

retarded the migration of ammonia from water to air.

5.2.1.3 Effects of duration of atmospheric contact on removal of ammonia

Raw sample with 8.35mg/1 ammonia was kept in a bowel having depth of water

100mm and area of exposed surface was 0.07068 sqm. Ammonia content were

checked at intervals of I hour, 2 hours, 3 hours, 5 hours and 8 hours and found

7.8mg/l, 7.88 mg/I, 7.70 mg/l, 7.95 mg/I and 7.50 mg/I respectively. Results were

plotted as below (fig.5.3):
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Figure 5.3: Effects of duration of atmospheric contact on removal of ammonia

Ammonia was removed but the removal was not significant at any interval. The

water was kept undisturbed and at calm condition.

5.2.2 Removal of ammonia by air stripping

Seven experiments were carried but to check the removal of ammonia by air

stripping. Experiments were:

(i) Effects of duration of air stripping on removal of ammonia in presence

of gravel and coal as packing material
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(ii) Effects of duration of air stripping on removal of ammonia in presence

of gravel as packing material

(iii) Effects of duration of air stripping on removal of ammonia in presence

of plastic ring as packing material

(iv) Effects of duration of air stripping on removal of ammonia without

packing material

(v) Effects of height of packing material while plastic rings were used as

packing material

(vi) Effects of pH in presence of gravel as packing material

(vii) Effects of pH when no packing material was used

5.2.2.1 Effects of duration of air stripping on removal of ammonia in presence

of gravel and coal as packing material

To perform the test packing height was taken 600mm gravel plus 300mm coal. Water

sample was poured up to 900 mm from bottom of the stripping tower. Air, emanated

from a two stage portable type air blower with capacity 0.1 cum/min, and having 600

rpm and IOkg/cm2 rated pressure, was allowed to enter through an inlet at the bottom

of the tower. Initial value of ammonia was 9.50 mg/l and the values found after 2

minutes, 6 minutes, 10 minutes and 14 minutes were 8.60 mg/I, 8.50 mg/I, 8.35 mg/l

and 7.35 mg/I respectively. Results were presented in fig.5.4.
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Figure 5.4: Effects of duration of air stripping on removal of ammonia in presence

of gravel and coal as packing material
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Removals were 9.47%,10.52%,12.10% and 22.63%. Removal was better for longer

duration and also the removal with this process was found better than aeration. More

disturbances might be the causes of more ammonia removal in case of air stripping.

5.2.2.2 Effects of duration of air stripping on removal of ammonia in presence of

gravel as packing material

Packing height was taken 900mm and water (raw) height was taken 950mm. Air

blower of capacity 0.1 cum/min was used to blow air. Initial ammonia content of raw

water was 8.35 mg/I and after 5 minutes, 10 minutes, 15 minutes and 25 minutes

were 6.60 mg/I, 6.65 mg/I, 6.50 mg/I and 6.30 mg/1. Results were shown in fig.5.5.
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Figure 5.5: Effects of duration of air stripping on removal of ammonia in presence of

gravel as packing material

Removals were 20.95%, 20.36%, 22.16% and 24.55% respectively. It was observed

that, the removal was better than while using coal with gravel and removal was found

to increase with time. Contribution of gravel in removing ammonia by air stripping

was better than coal. More air contact subjects to more removal.

'. J
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5.2.2.3 Effects of duration of air stripping on removal of ammonia in presence

of plastic ring as packing material

Plastic rings of size 12mm in diameter and 12mm length were taken up to 900mm of

the tower. Raw sample was taken up to 950mm. Air stripping was carried out by the

blower of capacity 0.10 cum/min. Initial ammonia content was 6.35mg/l and that was

changed to 6.40mg/l, 6.50mg/l and 6.70mg/I after 5 min., 15 min. and 25 min. air

stripping respectively. Results were shown in fig.5.6.
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Figure 5.6: Effects of duration of air stripping on removal of ammonia in presence of

plastic ring as packing material

From the Fig. 5.6 it can be concluded that plastic rings contributed in negative way

on removal of ammonia by air stripping.

5.2.2.4 Effects of duration of air stripping on removal of ammonia without

packing material

Only raw water sample having 8.35mg/l ammonia content was taken up to 900mm

height in the cylinder. 0.10 cum/min air blower used in air stripping.

•
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Ammonia content was examined after 10 minutes, 20 minutes, 30 minutes, 40

minutes and 50 minutes and found 7.15 mg/l, 7.05 mg/l, 6.95 mg/I, 6.85 mg/I and

6.60 mg/I respectively. Results were shown in fig.5.7.

- _ . --

"- .

------- -

.

-

-

, ,

9.00
8.00

'" 7.0001
E 6.00
.~ 5.00
.~ 4.00
E 3.00
« 2.00

1.00
0.00

o 10 20 30

Time in minutes

40 50 60

Figure 5.7: Effects of duration of air stripping on removal of ammonia without

packing material

Removal was increase with the increase of time and was 20.95% after 50 minutes.

Air stripping without packing material was comparatively slightly less effective than

using gravel as packing material.

5.2.2.5 Effects of height of packing material while plastic rings were used as

packing material

Plastic rings of dia. 12mm and length 12 mm were used in the experiment. Three

types of packing heights 300mm, 600mm and 900mm were used in three consecutive

tests. Initial ammonia content was 6.35 mg/I and after test it was 7. I0 mg/I, 7.00 mg/I

and 6.75 mg/I respectively. Results were shown in fig.5.8.
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Figure 5.8: Effects of height of packing material while plastic rings were used as

packing materia!.

While plastic rings were used, ammonia was found to increase after air stripping but

with the higher packing height the increase was less. Contribution was negative on

removal of ammonia.

5.2.2.6 Effects of pH in presence of gravel as packing material

600mm gravel height, taken in the experiment. Air stripping was carried out with the

blower (capacity O.Icum/min) for 20 minutes. Initial ammonia and pH were 6.95

mg/I and 7.52 respectively. Four tests were carried out at pH values 9.00, 10.00,

11.00 and 12.00 and ammonia content after air stripping was observed 3.8 mg/I, 3.60

mg/l, 3.20 mg/I and 2.70 mg/I respectively. Results were shown in fig.5.9.
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Figure 5.9: Effects of pH in presence of gravel as packing material
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From Fig. 5.9 it was observed that residual ammonia was decreasing with the

increase of pH. Ammonia removal was better at higher pH value in presence of

gravel.

5.2.2.7 Effects of pH, while no packing material was used

Tests were performed after adjusting the pH values to 9.00, 10.00, 11.00 and 12.00. 2

liters raw sample (having 6.95 mg/I ammonia and pH value 7.52) were taken each

time. Air requirement to maximize the removal of ammonia was checked from the

Fig 2.8 at 28° C (lab. temperature) and accordingly air stripped for 40 minutes with

the blower with capacity 0.10 cum/min. Residential values of ammonia against pH

9.00, 10.00, 11.00 and 12.00 were found 3.50 mg/l, 3.50 mg/I, 2.30 mg/l and 3.45

mg/I respectively. Results were shown in fig.5.! O.
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Figure 5.10: Effects of pH, while no packing material was used.

It was observed that at higher pH than 7.52 ammonia removal was significant and it

was highest (about 70%) at pH value 11.00. Hence while no packing material and

calculated amount of air were used in air stripping, removal of ammonia was found

maximum.

5.2.3 Changes of turbidity content due to air stripping

Two experiments were done at laboratory to check the removal status or changes of

turbidity content in the surface water due to air stripping.

..,..]
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Experiments were:

(i) Effects of duration of air stripping on removal of turbidity in absence

of packing material

(ii) Effects of pH on removal of turbidity in absence of packing material

5.2.3.1 Effects of duration of air stripping on removal of turbidity in absence of

packing material

Initial value of turbidity and pH were 15.00 NTU and 7.70 respectively. Raw water

was taken up to 900mm height in the cylinder. Air stripped by the blower (capacity

0.10 cum/min) for 10 min, 20 min, 30 min, 40 min and 50 min. and residual turbidity

was found 9.90, 10.20, 11.00, 11.00 and 12.10 NTU respectively. Results were

shown in fig.5.11.
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Figure 5.11: Effects of duration of air stripping on removal of turbidity in absence

of packing material

No significant impact on changes of turbidity was observed due to air stripping under

the expressed condition.
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5.2.3.2 Effects of pH on removal of turbidity in absence of packing material

Raw sample with initial turbidity 15.20 NTU and pH 7.52 was taken in 4 beakers. 2

liters sample was kept at each beaker. pH value of the water in 151, 2nd, 3'd and 4th

beakers was raised to 9.00,10.00,11.00 and 12.00 respectively. Then samples were

kept in the cylinder and air stripped for 40 minutes one by one. The residual

turbidity, after air stripping was checked and observed 69.40 NTU, 350.00NTU,

I57.00NTU and 271.00NTU respectively. Results were shown in fig.5.12.
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Figure 5.12: Effects of pH on removal of turbidity in absence of packing material

Turbidity was increased due to air stripping only a drop was observed at pH value

11.00. While the sample with different impurities (dissolved and un dissolved) came

in contact with air some dissolved impurities might go into oxidation to form un

dissolved solids contributing higher amount of turbidity in the water.

5.2.4. Changes of color content due to air stripping

Four experiments were conducted to observe changes of color content due to air

stripping. Those were:

(i) Effects of duration of air stripping on removal of color in absence of

packing material

"J



59

(ii) Effects of duration of air stripping on removal of color while plastic

rings were used as packing material

(iii) Effects of pH on removal of color in absence of packing material

(iv) Effects of pH on removal of color while gravel used as packing

material

5.2.4.1 Effects of duration of air stripping on removal of color in absence of

packing material

Raw water with initial color content 174.00 pt. co. unit and pH value 7.70 was taken

for the experiment. Sample was poured up to 900 mm. height in the cylinder and air

stripping was carried out with an air blower having blowing capacity of 0.10

cum/min. Sample under experiment was tasted to check the color content after

10min, 20 min, 30 min, 40 min and 50 min. and corresponding results were found

154 pt. co unit, 162 pt. co unit, 167 pt. co unit, 166 pt. co unit and 176 pt. co unit

respectively. Results were shown in fig.5.13.
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Figure 5.13: Effects of duration of air stripping on removal of color in absence of

packing material
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It was found that initially color content was reduced a bit but finally the content was

found as initial sample. Due to air stripping at random pH 7.70 no significant change

of color was observed (fig. 5.13)

5.2.4.2 Effects of duration of air stripping on removal of color while plastic rings

were used as packing material

Raw sample collected from DND khal having initial color content 104.00 pt. co unit

and pH value 7.41 was used in the experiment. Plastic rings of size 12 nun dia meter

and 12 mm length were used as packing material 900 nun. packing height was taken

and water poured up to 950 mm height then air stripping was carried out. Air stripped

sample collected trough an outlet after 5 min, 10 min, 15 min, 20 min and 25 min and

the residual color content were checked. Results were 152 pt. co unit, 188 pt. co unit,

228 pt. co unit, 262 pt. co unit and 294 pt. co unit respectively. Results were shown

in fig.5.14.

350.0
I

_. __ • _____ 0 ----- - - ---_._.~..

300.0
-'" 250.0:l I
8 I-a 200.0 "I
.£: 150.0 !~

I0
0
0 100.0 '.

50.0

0.0
0 5 10 15 20 25 30

Time in minutes

Figure 5.14: Effects of duration of air stripping on removal of color while plastic

rings were used as packing material

Due to air stripping color content was found to increase in presence of plastic rings.

Color content was higher at longer duration of air stripping. A negative impact was
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found in removing color by air stripping in presence of plastic rings as packing

materia!. Probably plastic rings contributed color to the water sample during air

stripping.

5.2.4.3 Effects of pH on removal of color by air stripping in absence of packing

material

At first the pH value and color content of raw sample were checked at the laboratory

and found 7.52 and 190.00 pt. co unit respectively. pH of the raw sample was

adjusted to 9.00,10.00, 11.00 and 12.00 in four tests. At each test 2 liter sample was

taken in the air stripping tower with inside diameter 50 mm. Air stripping was carried

for 40 min for each case. Color content was determined after air stripping and found

420 pt. co unit, 1465 pI. co unit, 498 pI. co unit and 1305 pI. co unit against pH value

9.00, 10.00, I 1.00 and 12.00 respectively. Results were shown in fig.5. I 5.
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Figure 5.15: Effects of pH on removal of color by air stripping in absence of packing

material

Color content increased with the increase of pH. Probably the cause was oxidation of

inorganic dissolved compound at higher pH forming color producing compound in

the raw water due to air stripping.

•
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5.2.4.4 Effects of pH on removal of color while. gravel was used as packing

material

Sample with pH value 7.52 and color 190 pI. co unit was taken. 600mm gravel height

and I liter water were taken each time. pH adjusted to 9.0, 10.00, 11.00 and 12.00

and treated by air stripping for 20min. for each case. After treatment color content

was checked and found 416.00 pI. co unit, 1360 pI. co unit, 1250 pI. co unit and 253

pI. co unit respectively. Results were shown in fig.5.16.
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Figure 5.16: Effects of pH on removal of color while gravel was used as packing

material

Initially color content increased with the increase of pH but the increase was found

less at pH 11.00 and above.

5.2.5 Changes of COD due to air stripping

Three experiments under three different conditions were carried out to observe the

changes of COD due to air stripping.

Experiments were:

(i) Effects of air stripping on COD in presence of packing material

(gravel) at random pH (7.70)

(ii) Effects of air stripping in removing COD at pH 11.00 in absence of

packing material
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sample was raised to 11.00 by adding NaOH solution. The sample was then taken in "

a air stripping tower of inner dia. 50 mm. Air stripping was carried out for 40 min.

and the COD value of the sample was checked after air stripping and found 84.0

mgll. Results were shown in fig.5.18.

I=Initial COD at pH 7.52; 2=COD after air stripping at pH 11.00

Figure 5.18: Effects of air stripping in removing COD at pH 11.00 in absence of

packing material

COD value of the raw sample was found to increase due to air stripping at pH 11.

5.2.5.3 Effects of air stripping in removing COD at pH 11.00 in presence of

gravel as packing material

1 liter of sample was taken with initial pH 7.52 and COD 49.0 mgll. Gravel was

taken up to 600mm height in the air stripping tower. pH value of the sample was

raised to 11.0 by adding NaOH solution. The sample was then poured into the tower

and air stripping was carried out for 2Omin. The COD value after air stripping was

checked and found 84.00 mgll. Results were shown in fig.5.19.
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1= Initial COD at pH 7.52; 2= COD after air stripping

Figure 5.19: Effects of air stripping in removing COD at pH 11.00 in presence of

gravel as packing material

COD increased due to air stripping in presence of gravel as packing material. From

the experiments 5.2.5.1, 5.2.5.2 and 5.2.5.3 it was concluded that COD was not

changed due to air stripping afpH 7.52 and COD value increased due to air stripping

at pH 11.00 but there was no impact of gravel on the change of COD during air

stripping.

5.2,6 Changes of nitrate (N03) due to air stripping

Two experiments under two different conditions were carried out to check the

changes ofN03 due to air stripping. Those were:

(i) Effects of air stripping on NO] in presence of gravel as packing

material at random pH (7.70)

(ii) Effects of air stripping on NO] in presence of plastic ring as packing

material at random pH (7.41)

f
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5.2.6.1 Effects of air stripping on NO] in presence of gravel as packing material

at random pH

On test N03 was found 1.00 mgll in the raw water sample. pH and ammonia content

were 7.70 and 8.35 mgll respectively. Gravel was kept up to 900mm height in the

tower and raw water sample was poured up to 950 mm height of the tower. A two

stage portable type air blower having capacity 0.1 cum/min was employed for air

stripping. After 2.5 minutes of air stripping the sample was collected through an out

let at the bottom and NO] content was checked with the help of spectrophotometer.

The content was found 2.00 mgll. The ammonia content was also checked and found

7.50 mgll. Results were shown in fig.5.20.
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I=NO, of raw water; 2= NO, of treated water

Figure 5.20: Effects of air stripping on N03 in presence of gravel as packing

material at random pH (7.70)

Due to air stripping the nitrate content was found to increase and the amount was

double. It was found that ammonia content was reduced during the test. Most

probably, ammonia was disintegrated and the free N was oxidized to contribute N03

in the water. However it did not cross the tolerable limit 10.00 mgll due to air

stripping for 25 minutes in presence of gravel as packing material.
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5.2.6.2 Effects of air stripping on NO) in presence of plastic ring as packing

material at random pH

At first the NO) content, ammonia content and pH of raw water were checked and

found 1.20 mgll, 6.35 mgll and 7.41 respectively. Then plastic rings were kept in the

stripping tower up to 900mm and the sample of water was poured up to 950mm. Air

stripping was then carried out for 25 min by a blower (capacity 0.1 cum/min) and the

residual NO) was checked with the help of spectrophotometer. The observed value

was 2.0 mgll. Obtained results were shown in fig.5.2I.
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Figure 5.21: Effects of air stripping on NO) in presence of plastic ring as packing

material at random pH (7.41)

Due to air stripping in presence of plastic rings NO) content was found to increase

but the allowable limit was not crossed. During air stripping nitrogenous compound

might be oxidized to form NO) resulting increase of NO) content in the water.

5.2.7 Changes of alkalinity due to air stripping at pH 11.00

Comparatively better removal of water quality parameters was found at pH 11.00.

Hence the change of alkalinity was checked due to air stripping at pH 11.00.

Alkalinity of raw sample was found 182 mgll as CaCO) at pH 7.52. pH was raised to

\I

\:
V/
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11.00 by adding NaOH and air stripped for 40 minutes. The alkalinity was checked

after air stripping and found 560 mgll as CaCO]. Obtained results were shown in

fig.5.22.
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1= Initial alkalinity at pH 7.52; 2= Alkalinity after air stripping at pH 11.00

Figure 5.22: Changes of alkalinity due to air stripping at pH 11.00

At pH 11.00, alkalinity was found to increase due to air stripping. NaOH contributed

alkalinity. At pH 11.00, total alkalinity was the sum of M-alkalinity (due to HCo]-

ions) and P-alkalinity (due to cot ions and Off" ions). Hence alkalinity was found

to increase.

5.3 Effects of Chlorination

To check how and what type of changes of ammonia, turbidity, color, COD, NO] and

alkalinity occur due to chlorination, several tests were performed at the laboratory.

5.3.1 Removal of ammonia

Three tests were carried to check the removal efficiency of ammonia by chlorination.

Those were:

(i) Effects of chlorine dose on removal of ammonia at pH 8.66 and a contact

time 000 minute

t
•
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(ii) Effects of contact time on removal of ammonia at pH 7.70 and a chlorine

dose of 56.80mg/l

(iii) Effects of pH on removal of ammonia at chlorine dose of 7.25 mg/l and a

contact time of 30 minute

5.3.1.1 Effects of chlorine dose on removal of ammonia at pH 8.66 and a contact

time of 30 minute

Before treatment with chlorine, sample was tested and found ammonia and pH, 6.70

mg/l and 8.66 respectively. Bleaching powder (NaOCl) solution was taken as the

source of chlorine. Strength of chlorine was checked and found 46.5%. Bleaching

powder was mixed @ lmg/ml of solution to prepare stock solution. Raw sample was

taken in 5 separate beakers. 200 ml sample water was taken at each beaker. NH3:Ch

was considered I :4, I :6, I :8, I: 10 and I: 12.

Accordingly amount of stock solution was calculated for each beaker and poured in

each beaker as per calculated amount. Glass rod was used to mix the stock solution in

the raw sample.

A fixed contact time of 30 minutes was allowed for each mixture. Then residual

ammonia was checked and found 5.0 mg/I, 2.8 mg/l, 1.23 mg/l, 0.38 mg/l and 0.26

mg/l against chlorine doses 26.80 mg/l, 40.20 mg/l, 53.60 mg/l, 67.00 mg/I and 80.40

mg/l respectively. Obtained results were shown in fig.5.23.
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Figure 5.23: Effects of chlorine dose on removal of ammonia at pH 8.66 and a
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From the experiment it was observed that at fixed pH and contact time residual

ammonia decreased with the increase of chlorine dose. Which means removal was

more when the chlorine dose was higher.

5.3.1.2 Effects of contact time on removal of ammonia at pH 7.70 and a chlorine

dose of 56.80 mgll

Ammonia and pH of the raw sample were checked and found 7.10 mg/I and 7.70

respectively. Fixed chlorine dose 56.80 mg/I (NH3:Ch = I :8) was applied at each of

the four beakers. To make 200 ml mixed sample, 24.43 ml stock solution was poured

in 175.57 ml of raw water at each of the four beakers. Contact time was allowed 15

min, 30 min, 45 min and 60 min. After contact period mixture was tested for residual

ammonia and found 0.52 mg/I, 0.41 mg/I, 0.38 mg/l and 0.35 mg/I against the contact

time of 15 min, 30 min, 45 min and 60 min respectively. Obtained results were

shown in fig.5.24.
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Figure 5.24: Effects of contact time on removal of ammonia at pH 7.70 and a

chlorine dose of 56.80 mg/l

For fixed chlorine dose and same pH value residual ammonia was found to decrease

with the increase of contact time. Hence removal efficiency was higher for longer

contact time.
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5.3.1.3 Effects of pH on removal of ammonia at chlorine dose of 7.25 mg/l and a

contact time of 30 minute

Ammonia content and pH were tested for the raw sample and found 0.725 mg/l and

6.60 respectively. Sample was taken into five beakers and pH adjusted to 6.6, 8.10,

9.00 and 11.40. Fixed chlorine dose 7.25 mg/I (NH3:Ch = I: I 0) was applied at each

beaker. Contact time was maintained 30 min for each beaker. After 30 min the

samples were tested for residual ammonia and found 0.33 mg/I, 0.48 mg/I, 0.51 mg/l

and 0.58 mg/I against pH values 6.60, 8.10, 9.00 and 11.40 respectively. Obtained

results were shown in fig.5.25.
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Figure 5.25: Effects of pH on removal of ammonia at chlorine dose of 7.25 mg/l and

a contact time of 30 minute

Residual ammonia was found higher 10 case of higher pH value which means

removal efficiency of ammonia was decreased at higher pH value. Hypochlorous acid

is a very active oxidizing agent which dominants at pH 3 to 6 and decreases between

pH 6 to 9. Hence due to less presence of HOCI at higher pH oxidation of ammonia

was lower and consequently the ammonia removal efficiency was decreased.
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5.3.2 Removal ofturbidity

To check the status of removal of turbidity with chlorination, three experiments were

carried out. Those were:

(i) Effects of chlorine dose on removal of turbidity at pH 8.66 and a contact

time of 30 minute

(ii) Effects of contact time on removal of turbidity at pH 7.70 and a chlorine

dose of 56.80 mg/I

(iii) Effects of pH on removal of turbidity at chlorine dose of 7.25 mg/l and a

contact time of 30 minute

5.3.2.1 Effects of chlorine dose on removal of turbidity at pH 8.66 and a contact

time of 30 minute

Initial content of turbidity and pH were found 33.70 NTU and 8.66 respectively.

Chlorine dose applied 26.80mg/l, 53.60 mg/I and 80AO mg/I in three beakers. A

fixed contact time 30 min. was maintained for every mixture. After expiration of

contact time residual turbidity was checked and found 27.80 NTU, 21.60 NTU and

17.80 NTU against chlorine dose 26.80 mg/I, 53.60 mg/l and 80AO mg/I respectively.

Obtained results were shown in fig.5.26.
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Residual turbidity was found to decrease with increase of chlorine dose. Hence

removal efficiency of turbidity was observed higher at higher chlorine dose.

5.3.2.2 Effects of contact time on removal of turbidity at pH 7.70 and a chlorine
dose of 56.80 mg/l

Initial turbidity and pH before treatment were found 18.80 NTU and 7.70

respectively. 56.80mg/1 chlorine dose applied at each of the four sample containing

beakers and contact time was allowed 15 min, 30 min, 45 min and 60 min. After

treatment residual turbidity was checked for all the four samples and found 8.38

NTU, 7.72 NTU, 7.23 NTU and 7.24 NTU against the contact time 15 min, 30 min,

45 min and 60 min respectively. Obtained results were shown in fig.5.27.
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Figure 5.27: Effects of contact time on removal of turbidity at pH 7.70 and a

chlorine dose of 56.80 mg/I

It was found that residual turbidity was decreased when the contact time was longer.

Hence turbidity removal efficiency by chlorination at fixed pH and chlorine dose was

higher for longer contact time.

5.3.2.3 Effects of pH on removal of turbidity at chlorine dose of 7.25 mg/l and a

contact time of 30 minute

Turbidity and pH of the raw sample was checked and found 35.7 NTU and 6.6

respectively. Samples were taken in four beakers and pH was maintained 6.60, 8.10,
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9.00 and 11.40 and contact time was allowed 30 min. and chlorine dose was applied,

7.25 mg/1. After treatment residual turbidity was checked and found 30.00 NTU,

33.90 NTU, 36.00 NTU and 39.50 NTU against pH values 6.60, 8.10, 9.00, and

11.40 respectively. Obtained results were shown in fig.5.28.
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Figure 5.28: Effects of pH on removal of turbidity at chlorine dose of 7.25 mg/I and

a contact time of 30 minute

At higher pH fraction of HOCI, the active oxidizing agent became less and

consequently the removal ofturbidity was found less.

5.3.3 Removal of color

To check the color removal efficiency by chlorination three experiments were carried

out at the laboratory.

The experiments were:

(i) Effects of chlorine dose on removal of color at pH 8.66 and a contact time

of30 minute

(ii) Effects of contact time on removal of color at pH 7.70 and a chlorine dose

of 56.80 mg/I

(iii) Effects of pH on removal of color at chlorine dose of 7.25 mg/I and a

contact time of30 minute

• • •
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5.3.3.1 Effects of chlorine dose on removal of color at pH 8.66 and a contact time

of30 minute

Sample collected from DND khal was checked for color and pH and found 294.00 pt.

co unit and 8.66 respectively. Five beakers were taken for the experiment and 200 ml

raw sample was taken in each beaker. Chlorine dose was applied 26.80mg/l,

40.20mg/l, 53.60mg/l, 67.00mg/1 and 80AOmg/1. 30 min contact time was allowed to

react chlorine for removal of color content. Then the residual color content was

checked and found 210 pt. co unit, 185 pt. co unit, 166 pt. co unit, 161 pt. co unit and

138 pt. co unit against chlorine doses 26.80mg/l, 40.20mg/l, 53.60mg/l, 67.00mgll

and 80AOmg/1 respectively. Obtained results were shown in fig.5.29.
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Figure 5.29: Effects of chlorine dose on removal of color at pH 8.66 and a contact

time of 30 minute
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Residual color was found less at higher chlorine dose, which meant color removal

was observed higher at higher chlorine dose while the pH value and contact time was

fixed.

5.3.3.2 Effects of contact time on removal of color at pH 7.70 and a chlorine dose

of 56.80 mgll •

NH), pH and color content of the raw sample were checked and found 7.1Omg/I, 7.70

and 53.00 pt. co unit respectively. Four beakers were used for the experiment. 200 ml .'~ •\C[
'"
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sample was poured in each beaker and to make NH3:Ch = 1:8, 24.43ml NaOCI

mixed stock solution was mixed at each beaker after lifting same amount i,e, 24.43ml

of sample. As the stock solution contained NaOCI @ 1mg/ml of solution and the

strength of chlorine for the bleaching powder (NaOCI) was 46.50%, hence the

applied dose became 24.43 x 46.50 % x 1000 = 56.80 mg/I. Contact time for the 1st
200

beaker was maintained 15 min. and that for 2nd, 3rd and 4th was maintained 30 min.,

45 min. and 60 min. respectively. After the contact period color content was checked

and found 45 pt. co unit, 38 pt. co unit, 28 pt. co unit and 21 pt. co unit against

contact time of 15 min., 30 min., 45 min. and 60 min. respectively. Results were

plotted as below (fig.5.30):
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Figure 5.30; Effects of contact time on removal of color at pH 7.70 and a chlorine

dose of 56.80 mg/l

Color content was found to decrease gradually with respect to increase of contact

time. For longer contact time, chlorine got longer time to oxidize more color

producing compound resulting more removal of color from the solution.
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5.3.3.3 Effects of pH on removal of color at chlorine dose of 7.25 mgII and a

contact time of 30 minute

Ammonia content, pH and color content were checked for the raw sample and found

0.725mg/l, 6.60 and 195 pI. co unit respectively. 200 ml of raw sample was then

poured into each offour beakers. pH adjusted to 8.10, 9.00, I I .00 and is one as initial

i,e, 6.60. 7.25mg/1 chlorine dose was applied to each beaker and contact time 30

minutes was allowed for each sample. Then color content was checked and found

199.00 pt. co unit, 203 pI. co unit, 213 pI. co unit and 230 pI. co unit against pH

values 6.60, 8.10, 9.00 and 11.40 respectively. Results were plotted as below

(fig.531):

12.0010.008.004.002.00

-- - . -

i

7
/

/
;'

- /
I ./

,{
'I

I
...- ;

i, , , ,

'E 225.00
OJ

8 220.00

~ 215.00

.Q 210.00o
() 205.00

200.00

195.00
0.00

235.00

230.00

6.00
pH value

Figure 5.31: Effects of pH on removal of color at chlorine dose of 7.25 mg/l and a

contact time of 30 minute

It was observed that removal was better at lower pH value than at higher pH value.

Highly active oxidizing agent HOCL exists at lower pH (3t09) might be the reason.

5.3.4 Removal of COD

To check the COD removal efficiency by chlorination two experiments were carried

out at two different conditions. Those were: (



, - _.- - . .- . - . ---_ ... - -- -_ ... ._-- . - _ .. _ ....

"" I------..
F::::::: I

I ..
I

- ,
I

, , , , , ,

78
(i) Effects of chlorine dose on removal of COD at pH 6.0 and a contact time

000 minute

(ii) Effects of contact time on removal of COD at pH 7.70 and a chlorine dose

of 56.80 mg/l

5.3.4.1 Effects of chlorine dose on removal of COD at pH 6.0 and a contact time

of30 minute

NH3, pH and COD were checked for the sample under test and found 6.0 mg/I, 8.43

and 42 mg/I respectively. 200ml sample was taken at each of three beakers and 25.20

mg/l, 50.40 mg/I and 75.60mg/1 chlorine dose was applied separately. 30 minutes

contact time was allowed for each case. Then COD value was again checked and

found 40 mg/I, 30 mg/l and 27 mg/I against chlorine dose of 25.20 mg/I, 50.40 mg/l

and 75.60 mg/I respectively. Ammonia content in the treated water was found 2.45

mg/I, 0.42 mg/l and 0.40 mg/I against chlorine dose of 25.20 mg/I, 50.40 mg/l and

75.60 mg/I respectively. COD values versus chlorine dose was plotted in fig. 5.32:
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Figure 5.32: Effects of chlorine dose on removal of COD at pH 6.0 and a contact

time of 30 minute

Residual COD was found to be less at higher dose. of chlorine. More chlorine

oxidizes more materials for a given contact time and at a fixed pH was probably the

cause of the result.

-
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5.3.4.2 Effects of contact time on removal of COD at pH 7.70 and a chlorine dose

of 56.80 mgll

Initial COD and NH3 were 25.00 mgll and 7.1 mg/l respectively, at pH 7.70. Applied

chlorine dose was NH3 : CL2 = I :8. For NH3 content 7.10 mgll, the Ch dose was

56.80 mgl!. Contact time was allowed 15 min. for one sample and 60 min. for

another. The residual COD was checked after contact time and found 16.00 mgll and

10.00 mgll against contact time 15 min. and 60 min. respectively. Results were

plotted as below (fig.533):
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Figure 5.33: Effects of contact time on removal of COD at pH 7.70 and a chlorine

dose of 56.80 mgll

COD content was found to decrease due to chlorination and the value was lesser

when the contact time was longer. In other words COD removal was found directly

proportional with the contact time.

5.3.5 Effects of chlorine dose on changes of nitrate (NOJ) at pH 8.66 and a

contact time of 30 minute

NH3 and N03 contents before chlorination where checked and found 6.70 mgll and

2.0 mgll respectively at pH 8.66. Three types of doses as NH3:CI2 = I :6, I: I 0 and

I: 12 were applied in three separate beakers with 200 ml sample in each. Same (
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contact time of 30 minutes was allowed for each mixture. Then N03 content was

checked and found 2.5 mg/I, 3.50 mg/l and 4.60 mg/I against the doses NH3:CI2 = 1:6

(40.20 mg/I), 1:10 (67.00 mg/I) and 1:12 (SOAOmg/J) respectively. The results were

plotted in fig. 5.34:
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Figure 5.34: Effects of chlorine dose on changes of nitrate (N03) at pH S.66 and a

contact time of 30 minute

Changes of N03 in the solution were found increasing due to chlorination. The

increase of N03 is higher at higher chlorine dose. During chlorination nitrogen from

ammonia and other nitrogenous compound was converted to N03 resulting higher

concentration ofN03 in the solution as in equation (i) below:

4Ch + NH3 + 3H20= SCL- + N03'+ 9H + -------------- (i)

(Source: Ali, 200S, CE332: Environmental Engineering Sessional I, P-37)

5.3.6 Observation of break point during chlorination of raw sample by Starch-

Iodine method

Content of ammonia was checked and found 7.10 mg/I'in the raw sample before test.

Ten beakers were taken for the experiment. 200 ml sample were kept at each beaker.

Stock solution with NaOCI Img/I, where chlorine strength was 46.50% of NaOCI,

used as the source of chlorine. From 151 to 10th beaker S.6ml, 12.90ml, 17.20ml,

21.50ml, 23.67ml, 25.Slml, 27.96ml, 30.1 Iml, 34AOml and 3S.71ml stock solution

was poured respectively after lifting of same amount of raw sample from respective
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beaker. It contributed chlorine dose of 20mg/l, 30mg/l, 40mg/l, 50mg/l, 55mg/l,

60mg/l, 65mg/l, 70mg/l, 80mg/1 and 90mg/1 respectively. 30 minutes contact time

was allowed. The residual chlorine content was checked using Starch-Iodine method

on expiry of the contact time and found 4.10 mg/I, 6.0 mg/I, 6.1 mg/I, 2.2 mg/I, 0.30

mg/I, 0.40 mg/I, 2.60 mg/I, 3.80 mg/I, 5.40 mg/I and 7.70 mg/I for the samples in 1st

to lOthbeaker respectively. Results were plotted as below (fig.5.35):
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Figure 5.35: Observation of break point during chlorination of raw sart1ple by

Starch-Iodine method

The break point was observed at chlorine dose 60 mg/I related to weight ratio of

chlorine to NH3. I :8.45. Theoretically weight ratio of chlorine to ammonia at break

point is 7.6:1 (Metcalf, 1979), but in this study it was found 1:8.45. It was happened

due to interference of organic and inorganic compounds present in raw water other

than ammonia, which were oxidized with chlorine. --Those compounds required

additional chlorine and affected the break point on the curve. After completion of that

demand further increasing of chlorine dose increased the contribution of free chlorine

residual in the solution.

5.4 Effects of Coagulation

Impacts of coagulation on removal of different water quality parameters were

checked under different conditions.
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Ammonia, turbidity, color, COD, N03 and alkalinity contents were found at different

stages of treatment and under different conditions to find out the best removable

condition of different parameters. Alum [Ah (S04) 3;14 H2OJ was used as coagulant.

5.4.1 Removal of ammonia by alum coagulation

Two experiments were conducted to check ammonia removal efficiency.

Experiments were:

(i) Effects of alum dose on removal of ammonia at random pH

(ii) Effects of pH on removal of ammonia at alum dose 60 mg/l

5.4.1.1 Effects of alum dose on removal of ammonia at random pH

Raw water containing ammonia and pH 6.30 mg/I and 8.43 respectively was taken in

5 beakers. 500 ml sample was kept at each beaker. From 1st to 5th beaker 20 mg/l, 40

mg/l, 60 mg/I, 80 mg/I and 100 mg/I doses of alum were applied respectively and

mixing was carried out at SW6 flocculator machine for 16 minutes. Style of mixing

was: first one minute rapidly and then slowly (at about 40rpm) for 15 minutes. A

sedimentation time 30 minutes was allowed for each beaker. The supernatant sample

was then collected from each beaker and tested for ammonia content. Results were

found 5.20 mg/I, 4.93 mg/l, 4.70 mg/I, 4.55 mg/I and 4.45 mg/I against doses 20

mg/I, 40 mg/I, 60 mg/I, 80 mg/I and 100 mg/I respectively. Results were plotted and

found as below (fig.5.36):
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Figure 5.36: Effects of alum dose on removal of ammonia at random pH
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pH values were also checked and found 7.89, 7.69, 7.49, 7.36 and 7.27 against the

doses, 20 mg/I, 40 mg/I, 60 mg/l, 80 mg/I, and 100 mg/l respectively.

From the curve it was observed that residual ammonia was decreasing with the

increase of alum dose. Though the decrease was not significant. Highest removal was

only 29.37% at a dose of 100 mg/I and that was 25.40% at a dose of 60 mg/I.

Dropping of pH occurred due to releasing of H+ ion during formation of Hydroxo-

complexes of aluminum resulting increase of Hydrogen ion concentration in the

solution. More alum dose released more hydrogen ion and consequently dropping of

pH was higher.

5.4.1.2 Effects of pH on removal of ammonia at alum dose 60 mg/I

Raw sample with initial ammonia content 2.40 mg/I was taken in 5 separate beakers.

500 ml sample was poured at each beaker. Initial value of pH was 6.70. pH adjusted

to 4.50, 5.50, 6.50, 7.50 and 8.50 for the sample in the 1st to 5th beakers respectively.

60mg/l alum dose was maintained and one minute rapid mixing followed by 15

minute slow mixing was carried out for each sample. Then 15minute sedimentation

time was allowed. Supernatant sample was then collected from each beaker and

checked for residual ammonia and found 2.09 mg/I, 2.07 mg/I, 2.06 mg/l, 1.99 mg/I

and 1.88 mg/I against pH 4.5, 5.5, 6.5, 7.5 and 8.50 respectively. Results were shown

in fig.5.37:
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Figure 5.37: Effects of pH on removal of ammonia at alum dose 60 mg/I
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It was observed that the residual ammonia was less at higher pH and the removal was

about 21.67% at pH 8.5 and 14.17% at pH 6.5 respectively.

5.4.2 Effects of alum dose on removal of turbidity at pH 8.43

Sample was tested for turbidity content and pH and found 91.40 NTU and 8.43

respectively. Five beakers with 500 ml sample in each were taken and alum

coagulation was carried out at dose 20 mg/l, 40 mg/l, 60 mg/I, 80 mg/l, and 100 mg/I

for the 1st to 5th beakers respectively. One minute rapid mixing followed by 15

minute slow mixing was done with SW6 flocculator machine and then for each

sample 30minute sedimentation time was allowed.

Residual turbidity was checked for the supernatant sample from each beaker and

found 8.71 NTU, 4.41 NTU, 2.55 NTU, 1.07 NTU and 0.96 NTU against alum dose

20 mg/l, 40 mg/l, 60 mg/l, 80 mg/l, and 100 mg/l respectively. Results were plotted

and found as below (fig.5.38):
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Figure 5.38: Effects of alum dose on removal of turbidity at pH 8.43

Residual turbidity was found to decrease with the increase of alum dose. Removal of

turbidity by alum coagulation was found significant. Removal was 90.47 %, 95.18%,
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97.21%,98.83 % and 99% against dose 20 mg/I, 40 mg/I, 60 mg/I, 80 mg/l, and 100

mg/I respectively.

Ah (S04)3;I 4HzO, while added to the sample, AI(OH)3 (s) and other hydroxo-

complexes were formed. Thus flocs were formed which through different actions

made the turbidity producing compound stable and adhered and finally precipitating

as flocs. Hence coagulation was found unique process in removing turbidity from

water.

5.4.3 Effects of alum dose on removal of color at pH 8.43

Initial color content and pH were found 329 pt. co unit and 8.43 respectively. Tests

were carried out with 5 separate beakers as described in see 5.4.1.1. After

coagulation color content was checked and fond I 14 pt. co unit, 68 pt. co unit, 40 pt.

co unit, 3 I pt. co unit and 24 pt. Co unit against the dose 20 mg/I, 40 mg/I, 60 mg/I,

80 mg/I, and 100 mg/l respectively. Results were plotted as below (fig.5.39):
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Figure 5.39: Effects of alum dose on removal of color at pH 8.43

From the experiment and curve it was concluded that color removal with alum

coagulation was significant and it was increasing with the increase of alum dose.

•
<
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5.4.4 Effects of alum dose on removal of COD

Initial COD of the sample was 43.00 mg/1. Three beakers were taken and 500 ml

sample was poured at each beaker. Alum coagulation was carried out at a dose of 20

mg/l for the I st beaker and that was 60 mg/l and 100 mg/l for 2nd and 3'd beaker

respectively. After coagulation COD value was checked by spectrophotometer and

found 14 mg/I, 4 mg/l and 4 mg/I against dose 20 mg/I, 60 mg/I and 100 mg/l

respectively. Results where plotted as below (fig.5.40):
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Figure 5.40: Effects of alum dose on removal of COD

COD removal was found 67.44 %, 90.70% and 90.70% against dose of20mg/l, 60

mg/l and 100 mg/I respectively. It was concluded that COD removal is significant

due to alum coagulation and it increased with the increase of dose but above certain

limit (60mg/l.) removal of COD did not improve further.

5.5 Comparison of Efficiency of Lime (CaO) to that of Caustic Soda (NaOH) in

Raising pH of Water

To prepare stock solution 5 mg of lime (CaO) was mixed with 100 ml of distilled

water in a beaker. Similarly another stock solution was prepared with caustic soda

(NaOH). Other two beakers were taken with 500 ml random sample in each and the

pH value was checked and found 6.60.Then 0.50 mllime mixed solution was poured

I.
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in one beaker having 500 ml water and the changed pH value was checked and

recorded. Again 0.50 ml solution added and the changed pH value was checked and

recorded. Similar step was continued up to adding of 2.50 ml solution and pH was

recorded after each addition. The pH value was found 6.60, 8.00, 10.10, 10.80, 11.20

and 11.40 with respect to addition of lime solution of 0.00 ml, 0.50 ml, 1.00 ml, 1.50

ml, 2.00 ml and 2.50 m!.

Similar process was carried out with caustic soda ( NaOH) mixed solution and

recorded pH was 6.60, 10.00, 11.20, 11.50, 11.60 and 11.8 with respect to addition of

0.00 ml, 0.50 ml, 1.00 ml, 1.50 ml, 2.00 ml and 2.50 ml of NaOH mixed solution.

0.50 ml, 1.00 ml, 1.50 ml, 2.00 ml and 2.50 ml of solution contained 0.025 mg, 0.05

mg, 0.075 mg, 0.10 mg and 0.125 mg of the chemical (CaO or NaOH) respectively.

CaO in mg versus pH and NaOH in mg versus pH curves were plotted as follow (fig.

5.41 and fig.5.42):
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Figure 5.41: Changes of pH due to mixing of lime (CaO)
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Figure 5.42: Changes of pH dueto mixing of caustic soda (NaOH)

It was observed from both curves that pH was increasing with the increase of

chemical ( CaO or NaOH) in the solution. The rate of increase of pH was decreasing

with the progress of the curve. Which meant initially the increase of pH was more

rapid but afterward very small pH value was found to increase due to addition of

same dose. In fact the increase of pH was significant up to the value of 10.00 and

then the increase was very few with the application of same dose of the chemical
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(CaO or NaOH) . It was also observed that NaOH got the greater impact on rising pH

of water than CaO. On calculation by interpolation, it was observed that the

requirement ofCaO and NaOH were 0.0875X2 mg/l and 0.0458X2 mg/I respectively

to raise pH from a random value 6.60 to the value 11.00. Hence requirement of CaO

was found 1.91 times higher than that of NaOH to raise pH from 6.60 to 11.00. But

according t<;>the cost per kg of both the materials in the market, it was found that

using of lime (CaO) was approximately 14% less expensive than that of caustic soda

(NaOH).

5.6 Comparison between Deposition of Sludge due to Chlorination followed by

Alum Coagulation and that due to Alum Coagulation alone

Two beakers with sample 500 ml in each were taken for the experiment. Initial

ammonia content and pH of the sample were found 8.35 mg/l and 7.70 respectively.

pH of both samples was raised to 11.00 by adding NaOH solution. Then one sample

was treated with alum coagulation by using alum dose of 40 mg/l and another was

,
•
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treated with chlorination followed by alum coagulation. Chlorine dose was applied

(NH3:Ch = 1:8) 66.80 mgll and contact time was given 30 min. Same alum dose

(4Omgll) was used at both cases. After treatment both samples were kept in two

separate graduated cones, made of glass and allowed no disturbance for 15 minute.

Deposition of sludge after expiry of 15 minute was found 9.00 ml and 12.00 ml

against the treatment with chlorination followed by coagulation and coagulation

alone respectively. Results were represented in fig.5A3.
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Figure 5.43: Comparison between deposition of sludge due to chlorination followed

by alum coagulation and that due to alum coagulation alone

It was found that the deposition was 33.33% higher in case of only alum coagulation

than chlorination followed by alum coagulation. From the experiment, it was

concluded that sludge handling would be required less if chlorination was introduced

in the treatment process.

5.7 Observation of combined impact of different treatment processes on removal

of water quality parameters

From the study as in section 5.2 to 5.6 it was observed that air stripping was more

effective than aeration and the effectiveness was at the peak while pH was raised to

11.00 as well as air requirement was calculated from the fig 2.8 and was applied
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accordingly. Plastic rings and coal as packing materials got negative impact on

removal of water quality parameters. On the other hand gravel as packing material

played well to remove ammonia but was not so satisfactory to remove turbidity and

color. Longer use of same gravel was thought to be minimized the problem.

Again the chlorination was found to be effective up to a desired level while dose was

applied, 8.732 times higher than the anunonia content present in the solution. Contact

time 30 minute was found satisfactory. During treatment by alum it was observed

that the process was most effective at pH 6.50 or near to 6.50. Optimum alum dose

was observed at 60 mg/l.

On the basis of the above observations following two experiments were carried out to

check the impact on removal of water quality parameters by using combined

treatment process.

(i) Effects of combined treatment in absence of packing material during

air stripping.

(ii) Effects of combined treatment while gravel was used as packing

material during air stripping.

5.7.1 Effects of combined treatment in absence of packing material during air

stripping

NH3, pH, turbidity, color, COD and N03 of the raw sample to be treated were

checked and found 7.30 mg/l, 7.52, 25 NTU, 50 pt. co unit, 20 mg/l, and 1.20 mg/l

respectively. Temperature of the laboratory was recorded 28°C. One liter of sample

was taken and pH raised to 11.00. Air requirement was found out from Fig. 2.8 at

28°C and two pumps of capacity 0.09 cum/hour each were engaged for air stripping

in a stripping tower. After air stripping the parameters were checked and recorded as

in table 5.10

The water was then taken for chlorination with dose (= NH3: Clz = 1:8.732) 12.00

mgil (NH3 was found 1.375 mg/l after air stripping). 30 min contact time was

allowed.

After chlorination, the parameters were again checked and tabulated in table 5.1O.
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pH of chlorinated water was lowered to 6.50 and alum coagulation was carried out

with alum dose 60 mg/I, sedimentation time 30 min~was-ailowed. Parameters were

checked after coagulation and recorded as in table 5.1.

Table 5.1: water quality parameters at different stages of treatment (air stripping,

chlorination and alum coagulation)

Parameters

Sl. Parameter checking
NH3 Turbidity Color COD N03

no stages
mg/I NTU pt. co unit mg/I mg/I

Parameters of raw .
I 7.30 25 50 20 1.20

water

Parameters after air
2 1.38 115 31 18 2.00

stripping at pH 11.00

Parameters after

3 Chlorination (dose 0.52 119 14 3 2.50

12 mg/I)

Parameters after

4 coagulation at pH 0.37 0.96 8 2 2.60

6.50

Water quality parameters of finally treated water were found 0.37 mg/I, 0.96 NTU,

8.00 pt. co unit, 2.00 mg/I, and 2.60 mg/I against NH3, turbidity, color, COD and

N03 respectively.

5.7.2 Effects of combined treatment while gravel was used as packing material

during air stripping.

For the above experiment, same raw sample and all other conditions during air

stripping, chlorination and coagulation were kept similar as in sec. 5.7.1 except

gravel (size 25 mm to 4.75 mm) was used as packing material during air stripping.

Values of different parameters were recorded at different stages of treatment as in

sec. 5.7.1 and tabulated as below (table 5.2):
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Table 5.2: water quality parameters at different stages of treatment (air stripping in

presence of gravel as packing material, chlorination and alum coagulation)

. Parameters
Sl. Parameter checking

NH3 Turbidity Color COD N03
no stages

mg/I NTU pt. co unit mg/I mg/I

I Parameters ofraw water 7.30 25 50 20 1.20

2 Parameters after air 1.28 210 40 18 2.30

stripping at pH 11.00

3 Parameters after 0.42 217 26 3.10 3.50

Chlorination (dose 12

mg/I)

4 Parameters after 0.30 1.08 10 2.50 3.40

coagulation at pH 6.50

According to water quality standard published in ECR, 1997, Schedule-3 (B)

allowable limits ofNH3, turbidity, color, COD and N03 are 0.50 mg/I, 10NTU, 15

pt. co unit, 4 mg/I and 10 mg/I respectively.

It was observed from both the experiments (as in sec. 5.7.1 and sec. 5.7.2), that the

residuals (as in table: 5.1 and table: 5.2) of the mentioned parameters (NH3, turbidity,

color, COD and N03) in the finally treated water were within the limit.

•
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Chapter-Six

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

The intention of the research was to treat surface water using different options and

different conditions, while it (surface water) contain high concentration of ammonia

and organic matter and thus find out a solution regarding treating of such water to

convert it as potable water.

During the dry season (from January to May) water level in the river comes down

and the contribution of organic and inorganic loads from sewerage lines and different

factories create high concentration of ammonia and organic matter in the surface

water. Hence dry season was selected to collect water from DND Khal, which is the

source of Saidabad Water Treatment Plant. Different theories to treat such type of

water were analyzed and water treatment data were collected from Saidabad Water

Treatment Plant to have a guide line for the study. Along with the above a number of

tests were carried out at Environmental laboratory at BUET, from which following

conclusions can be drawn:

I. Air stripping is an effective method to remove ammonia from water. Gravels as

packing material makes the system more effective. The removal increases with

the increase of packing height. It also increases at pH 11.00 and when air

requirement is calculated from equilibrium equation and equilibrium curves for

ammonia to water at existing temperature and applied accordingly.

2. To increase pH from random value (say 6.60) to 11.00 both lime and caustic soda

can be used. Requirement of caustic soda (NaOH) is approximately 48% less than

that of lime. But as the cost of lime is usually less, hence using of lime is

approximately 14% less expensive according to present market

3. No significant impact on removal of turbidity, color, COD and NO) was observed

due to air stripping.
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4. Chlorination is an effective treatment process to remove ammonia. However, it

reduces turbidity, color and COD to some extent. .

5. Content of N03 increases due to chlorination. But as the raw sample does not

contain much N03 and if the chlorination would be carried out after reducing of

nitrogenous compound (NH3)by air stripping, value of N03-N would not exceed

the allowable limit 10.00mg/1.

6. Coagulation is an effective method to remove turbidity, color and COD at pH

6.50. However, it reduces ammonia to some extent. An alum dose of 30mg/l may

be considered sufficient to treat water during the dry season if air stripping and

chlorination are added prior to coagulation.

7. 33% more sludge is produced when treatment IS carried out with alum

coagulation alone than when treatment is conducted with chlorination followed

by alum coagulation.

6.2 Recommendations

To ensure desirable treatment of surface water containing high concentration of

ammonia and organic matter during the dry season (January to may) following

recommendations are made:

I. An air stripping unit may be recommended to provide after preliminary

screening. pH of the raw water is to be raised to 11.00 by adding lime before air

stripping to make the system more effective.

2. Air stripping unit is recommended to keep open to sunlight and air requirement

based on temperature is to be found out and applied accordingly.

3. Gravels may be used as packing material in the air stripping unit to increase the

effectiveness of the process.

4. Chlorine dose should be selected after determination of break point at least two

times a day, so that proper removal of impurities is ensured as well as residual

chlorine remains within the allowable limit (0.2 mg/I).

(
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5. After air stripping and chlorination alum coagulation may be recommended to

carry out at pH 6.50 to get most effective result. An alum dose of 30 mg/I may be

used to treat water during the dry season.

6. Flow diagram of proposed treatment process to treat surface water during dry

season is represented in fig.6.1

Lime
(to raise pH to

11.00)

Clarifiers
(Flocculation and
Sedimentation)

HelorH2S04
(to lower pH to 6.50)

Open air stripin
chamberScreener

Air
(Calculated amount,
based on temp.)

Post Chlorination
(allowable limit up

to 0.2 mg/I)

Alum
(30 mg/I)

Alum
sludge

Back wash
water

To distribution
system

Filter bed

Figure 6.1: Flow diagram of proposed treatment process of surface water during dry season
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6.3 Recommendations for future study

Recommendations for future study are as follow:

1. Considering probable increase of the problem up to 50 years due to expansion of

population and extension of factories, a study and consequently a design of air

stripping unit, suitable from economic and climatic point of view is

recommended to carry out in future.

2. It is easy to have air water contact for a small volume without packing material at

laboratory but to treat huge volume in practice, the effective air water contact

might not be possible without packing material. Hence a study in this regard is

recommended in future.

3. Both sulfuric acid and hydrochloric acid are effective in lowering pH of water.

But which acid is'more suitable from economic and availability point of view is

to be studied in future.

4. According to equation (x) at page 16, the theoretical amount of removable

ammonia (in the form ofNH3 gas) is found higher at pH 12.00 than at pH 11.00.

But in practice, during air stripping we found higher amount of ammonia was

removed at pH 11.00 than at pH 12.00. Hence to find out the reason more

investigation is recommended in future.
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APPENDIX-A
Test Results of Different Investigation nsing various Processes and Conditions

Table A.I: Effects of aeration and air stripping (Day-I)

Parameters
Testing Detail NH, Turbidity Color COD NO, Alkalinity

pH in mg/I asmg/I NTU pI. CO unit mg/l mg/I CaCO,

Raw water taken from DND kbal, just in front of lifting pump
station (Mridhabari location) of Saydab ad Water Treatment 9.50 7.22 47.70 279.00 47.00 3.50
Plant (SWTP) and tested.

Height of Gravel (25mm - 4.75 mm) was taken 300mm in a
plastic cylinder. 1 litre of raw water was poured and after

9.10pouring sample collected through an outlet at the bottom and
tested.
Same test carried out as above with 600 mm Gravel 8.50

600mm Gravel and 300 mm Coal at the top were used as
packing materials, raw water poured at the top and collected at 9.35
the bottom and tested.

600mm gravel at bottom and 300mm coal at top were used as
packing materials, water poured up to 900mm and air stripped
at the bottom by two stage portable type air blower with
capacity 0.1 cum/min, 600 rpm and 10 kg/cm' rated pressure.
Sample collected at an interval of2 minutes and tested
After 2 min 8.60
After 4 min

After 6 min 8.50
After 8 min

After 10 min 8.35
After 12 min

After 14 min 7.35

. "" .

-oo



<J

Table A.2: Effects of aeration and air stripping (Day-2)

Parameters

Testing Detail NH, Turbidity Color COD NO, Alkalinity
pH in mg/I as

mg/I NTU pt. co unit mg/I mg/l CaCO,
Raw water collected from Mirdha Bari (DND Khal) and tested. 8.35 7.70 15.00 174.00 42.00 1.00 235
Water kept at a bowel. Depht of water - 100 mm, air exposed
area= II/4x0.3'=0.07068 sqm. Sample taken at different time
and tested.
After I hr 7.80
After 2 hrs 7.88
After 3 hrs 7.70
After 5 hrs. 7.95
After 8 hrs. 7.50
900mm Gravel and 950 mm raw water taken into the plastic
cylinder and stripped by blowing air and sample taken at
different time as below and tested.
After 5 minutes 6.60
After 10 minutes 6.65
After 15 minutes 6.50
After 20minutes
After 25 minutes 6.30 8.43 91.40 329.00 42.00 2.00

900 mm raw water was taken in the cylinder and stripped by air
blower ( no packing material, used) Sample taken at various
time and tested as below

After 10 minutes 7.15 8.65 9.90 154.00
After 20minutes 7.05 8.75 10.20 162.00
After 30 minutes 6.95 8.78 11.00 167.00
After 40 minutes 6.85 8.79 11.00 166.00
After 50 minutes 6.60 8.80 12.10 176.00 -o-
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Table A.3: Effects of alum coagulation (Day-3)
Parameters

Testing Detail NH, Turbidity Color COD NO, Alkalinity
pH in mg/I asmg/l NTU pt. co unit mg/I mg/I CaCO,

Parameters before test 6.30 8.43 91.40 329.00 42.00 2.00
Water taken in 5 beakers after stripping 25 minutes
within 900 mm gravel (pH found 8.43) then Alum
added as below and mixed for I min @ 45 rpm and 15
min @ 40 rpm in a flocculator then allowed to settle for
30 minutes and the sample from top of each beaker
were taken and tested.
Alum Dose 20 mg/I 5.20 7.89 8.71 114.00 33.00 3.00
Alum Dose 40 mg/l 4.93 . 7.69 4.41 68.00 30.00 2.00
Alum Dose 60 mg/I 4.70 7.49 2.55 40.00 19.00 1.75
Alum Dose 80 mg/I 4.55 7.36 1.07 31.00 22.00 1.50
Alum Dose 100 mg/I 4.45 7.27 0.96 24.00 20.00 1.25
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Table A.4: Effects of chlorination (Day-4)

Parameters

Testing Detail Turbiduty Color COD NO] Alkalinity ResidualNH] pH pI. co in mg/l as Chlorine
mg/l NTU unit mg/l mg/I CaCO] mg/l

Parameters before test 6.30 8.43 91.40 329.00 42.00 2.00 0.00

Water Taken after stripping for 25 min.
in the cylinder packed with 900mm
gravel in 5 beakers(NH, content 6.30
mg/I ) Chlorine ( bleaching Img/ml,
chlorine 46.5%)added as below and
stirred for 5 min. and then a contact time
of 30 minutes was allowed, then the
water from each beaker were tested( test
sample was 200ml).

10.80ml solution poured in 189.20 ml 2.45 40 5.50 22.15sample (NH,: CI2~1:4)
16.26ml solution poured in 183.73 ml 0.91 3.00 30.13sample (NH3 : CI,~I:6)
21.68 ml solution poured in 178.32 ml 0.42 30 2.50 36.33sample (NH] : CI2~1:8)
27.10 ml solution poured in 172.90ml

0.62 3.50 56.72sample (NH,: Cl2~1:10)

32.52 ml solution poured in 167.48 ml 0.40 27 5.00 85.08sample (NH3 : CI2~1:12 )
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Table A.S: Sludge deposition due to alum coagulation and chlorination followed alum coagulation (Day-S)

Testing Detail Sludge
ml

Raw sample with pH 7.70 and NH3 8.35 mg/l was
taken in two beakers, pH raised to 11.0 then only
Coagulation ( 1 mg/I Alum solution as coagulant)
carried out in one and chlorination (lmg/ml bleaching
with 46.5% eL,) then coagulation (Img/l Alum
solution as coagulant) was carried out in other beaker
as below, then both samples were kept in graduated
cone for sedimentation for 15 minutes and then the
volume of sludge were observed.

40mg/l Alum dose used and mixed as before then
12.00allowed for sedimentation as described above.

71.83 ml solution poured in 428.17 ml sample (NH3:

CL2~1:8 ) contact time 30 minutes then Alum dose used 40 9.00
mgll then mixed and sedimentation allowed 15minutes.
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Table A.6: Effects of alum coagulation (Day-6)
Parameters

Testing Detail NH, Turbidity Color COD NO, Alkalinity
pH in mg/I as

mg/I NTU pt. co unit mg/I mg/I CaCO,

Raw water taken with characteristics 8.35 7.55 15.00 174.00 42.00 1.00 235

Water was taken in 5 beakers and pH adjusted to 5
different values. Alum solution (I gm/I soln.) poured @
40mg/1 in each beaker, then mixed in a flocculator SW6
for 16 minutes and allowed sedimentation for 15
minutes. Then sample was taken from the top and tested

pH 6.00 7.85 6.36 0.68 28.00 70

pH 7.00 7.50 7.10 1.75 49.00 183

pH 7.55 8.15 7.37 2.05 58.00 217

pH 10.00 6.95 9.93 5.43 110.00 389

pH 11.00 5.95 10.82 1.37 33.00 484

Table A.7: Effects of alum coagulation (Day-6)
Parameters

Testing Detail NH, Turbidity Color COD NO, Alkalinity
pH in mg/I as

mg/I NTU pt. co unit mg/I mg/I CaCO,

Raw water was taken in 5 beakers. Alum solution (I
gm/I soln.) poured @ 40mg/1 in each beaker , then
mixed in a flocculator SW6 for 16 minutes and allowed
different sedimentation time . Then sample was taken
from the top and tested

15 minutes sedimentation time 7.65 7.34 2.11 60.00

30 minutes sedimentation time 7.60 7.32 1.90 60.00
45 minutes sedimentation time 7.70 7.42 1.76 58.00

60 minutes sedimentation time 7.72 7.36 1.74 58.00

75 minutes sedimentation time 7.60 7.40 1.72 58.00 -o
th
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Table A.8: Effects of air stripping (Day-7)

Parameters

Testing Detail NH, Turbidity Color COD NO, Alkalinity
pH in mg/l asmg/l

,
NTU pt. co unit mg/l mg/l CaCO,

Raw water was taken from DND khal, just infront of
lifting pump station of Saydabad Water Treatment 6.35 7.41 14.00 104.00 1.20
Plant (SWTP) and tested. .
Height of Plastic pes (12mmdia.and l2mm length)
300mm, taken in a plastic cylinder;-350mm raw water
was poured and air stripped at the bottom by two stage 7.10 8.65 Not done 172.00 Not done Not done Not doneportable type air blower with capacity 0.1 cum/min,
600 rpm and 10 kg/em' rated pressure. Sample
collected after 10minutes and tested.

Same test carried out as above with 600 mm height of 7.00 8.61 162.00Plastic pes.

Packing material was 900mm plastic pes. and water
poured upto 950 mm in the cylinder, air stripped at the
bottom by two stage portable type air blower with
capacity 0.1 cum/min, 600 rpm and 10 kg/em' rated
pressure. Sample collected at different interval and
tested.

After 5 min 6.40 8.56 152.00
After 10min 8.62 188.00
After 15min 6.50 8.64 228.00
After 20 min 8.66 262.00
After 25 min 6.70 8.66 33.70 294.00 2.00
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Table A.9: Effects of alum coagulation (Day-8)

Parameters

Tes ting Detail NH3 Turbidity Color COD NO, Alkalinity
pH in mg/I asmg/I NTU pt. co unit mg/I mg/I CaCO,

Water was taken after pre-chlorination with contents 1.23 8.99 21.60 166.00 43.00 2.10 255.00

Coagulation, using various Alnm dose in 5-different
beakers, carried out. Mixing and sedimentation time
were 16 and 15 minutes respectively. Then water was
taken from the top of each beaker and tested.

Alum dose 20mg/1 0.88 8.74 12.30 93.00 14.00 2.80 196.00
Alum dose 40mg/1 0.84 8.44 1.43 19.00 176.00
Alum dose 60mg/1 0.97 8.03 0.66 11.00 4.00 2.70 166.00
Alum dose 80mg/1 1.01 7.75 0.76 11.00 156.00
Alum dose 100mg/1 1.03 7.55 0.53 8.00 4.00 2.60 148.00
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Table A.10: Effects of chlorination (Day-9)

Parameters
Color

COD NO, Alkalinity ResidualTesting Detail NH, pH Turbiduty
pt. co in mg/I as Chlorine

mgIJ NTU
unit

mg/I mg/I
CaCO, mg/I

Water Taken after stripping for 25 min.
in the cylinder packed with 900mm
Pastic rings in 5 beakers(NH3 content
6.70 mg!l ) Chlorine ( bleaching
Img/ml, chlorine 46.5%)added as below_.

-and stirred for 5 min. and then a contact
time of 30 minutes was allowed, then the
water from each beaker were tested.

224 31.9 color11.53 ml solution poured in 188.47 ml
5.00 8.92 27.80 210.00 37.00 color returnedsample (NH) : Cl,~1:4 ).

returned

234 color 31.01817.29 ml solution poured in 182.71 ml
2.80 9.06 i85.00 2.50 returned colorsample (NH): CI,~1 :6).

returned
311.23 ml solution poured in 2388.77 ml

1.23 8.99 21.60 166.00 31.00 17.73sample (NH): CI,-1:8) ..

28.82 ml solution poured in 171.18 ml
0.38 8.97 161.00 3.50 206.00 11.52sample (NH): Cl,~I:IO).

34.58 ml solution poured in 165.42 ml
0.26 8.95 17.80 138.00 21.00 4.60 208.00 24.82sample (NH): CI,-1:12).
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Table A.ll: Effects of air stripping and air stripping followed by alum coagulation (Day-lO)
Parameters

Testing Detail NH, Turbidity Color COD NO, Alkalinity
pH in mg/I asmg/I NTU pt. co unit mg/I mg/I CaC03

Raw water was taken from DND kbal, just in front of
lifting pump station of Saidabad Water Treatment Plant 6.95 7.52 15.20 190.00 49.00 0.30 182.00
(SWTP) and tested.
At each test 2.0 liters of sample of different pH was
taken in a packing tower of dia. 50 mm, no Packing
material used, air stripped at the bottom for 40 minutes
each time by a two stage portable type air blower with
capacity 0.1 cum/min, 600 rpm and 10 kg/em' rated
pressure. (Required air at 28 degree centigrade was
estimated and calculated)

pH 9.00 3.50 8.79 69.40 420.00
pH 10.00 3.50 9.37 350.00 1465.00
pH 11.00 2.30 9.52 157.00 498.00 84.00 0.00 560.00
pH 12.00 3.45 11.96 271.00 1305.00

Same test taking Gravel (600mm-Height) as packing
material and 1.00 liter of sample taken and air
calculated accordingly and air stripped for 20 minutes
as obtained.

pH 9.00 3.80 8.87 79.30 416.00 0.00

pH 10.00 3.60 9.43 465.00 1360.00 0.00oil came
pH 11.00 3.20 10.04 276.00 1250.00 84.00 0.00
pH 12.00 2.70 11.65 115.00 253.00 0.00
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Sample was taken after air stripping (without packing)
at pH 11.00 and Alum mixed 40.00 mg/l after 1.97 9.42 59.20 305.00 0.00
sedimentation sample was taken from the top and
tested.

Table A.12: Effects of air stripping at pH 11.00 followed by chlorination and coagulation(Day-ll)
Parameters

Testing Detail NH, Turbidity Color COD NO, Alkalinity
pH in mg/l as

mg/l NTU pI. co unit mg/I mg/l CaCO,

Parameter's of raw water 7.10 7.70 18.80 53.00 25.00

3 liters of raw was water taken, pH raised to 11.00 by
adding NaOH and Air stripped for 60 min. then 4.15 272.00 660.00
parameter contents were checked.

Chlorination was done by taking 193.55 ml soln. in
(2500-193.55) ml. of water, which was collected after
air stripping. Contact time was allowed 30 min.

Chlorinated water was taken in 4 beakers pH lowered
by adding H2S04 to 6.50, added different alum doses
and the parameter contents were checked after Alum
Coagulation

20 mg/I 0.31 6.80 10.40 122.00

40 mg/l 0.16 6.70 3.14 36.00
60 mg/l 0.09 6.40 0.64 9.00 38.00

80 mg/I 0.11 6.50 0.57 13.00
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Table A.13: Effects of Chlorination and observation ofRP. (Day-12)
Parameters

Testing Detail NH, Turbidity Color COD NO, Alkalinity Residual
pH pt. co in mg/I as Chlorine

mg/l NTU unit mg/l mg/I CaCO, mg/l

Parameter's of raw water 7.10 7.70 18.80 53.00 25.00
Effect of contact time on chlorination by taking
200 ml raw water in a beaker and Ch mixed, 24.43 ml
after lifting same amount of sample. Strength of
chlorine was 46.5% and bleaching was added Img/ml
(1 :8~NH,: CI, ). The parameters of water was tested •
at different contact time and recorded as below

After 15 min. contact time 0.52 7.10 8.38 45.00 16.00
After 30 min. contact time 0.41 7.00 7.72 38.00
After 45 min. contact time 0.38 6.80 7.23 28.00
After 60 min. contact time 0.35 7.00 7.24 21.00 10.00

Break point was determined as below, 30 min. Chlorine added in Residual chlorine found in Remark
contact time allowed mgll mgll

12.90 ml. soln added 30 mg/I 26.14 mg/I From curve

17.20 ml so In added 40 mg/I 29.69 mg/I B.P observed

21.50 ml soln added 50 mg/I 17.28 mg/I at 62 mgll of added CI,

23.6 ml so In added 55 mg/I 8.42 mg/I
25.80 ml so In added 60 mg/I 0.89 mg/I
27.96 ml soln added 65 mg/l 1.33mg/I
30.11 ml soln added 70 mg/l 11.08mg/l
34.40 ml soln added 80 mg/I 18.17mg/1 I I
38.71 ml soln added 90 mg/l I 29.25 mg/l I I

-
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Table A.14: Effects of air stripping and air stripping followed by chlorination and alum coagulation (Day-13)
Parameters

Testing Detail NH, Turbidity Color COD NO, Alkalinity
pH in mg/I asmg/I NTU pt. co unit mg/I mg/I CaCO,

Parameter's of raw water 2.40 6.70 15.20 53.00 22.00

Raw water was taken in 5- beakers and pH adjusted to
different values as below, then Alum Coagulation was
carried out by adding 60 mg/I of alum in each beakers
and mixed in tlocculator for 15 min. then allowed
sedimentation time 15 min. Water from just below the
surface were taken and tested.

pH=4.5 2.09 0.65 21.00
pH=5.5 2.07 0.61 24.00
pH=6.5 2.06 0.54 32.00
pH=7.5 1.99 1.06 41.00 -
pH=8.5 1.88 1.38 48.00

pH of raw water was raised to 11.00 then I liter was
taken into a cone and Air stripped (without packing

,

materials) for 24 hr.( from 9.00 am, 15.05.08 to 9.00 0.565 9.5 0.47 25 14
am,16.05.08) by a pump having air blowing capacity
0.09 cum per hour then the water was tested

Air stripped water was taken for chlorination. CI,
added (considering B.P. at 1: 8.732 with ammonia) 0.45 0.62 242.13 ml soln. added, cotact time 30 min. After
chlorination water tested.

Water was taken after chlorination then pH lowered to
6.50 and Coagulation was carried out by adding alum 0.2 0.25 10 8
dose, 60.0 mg/1.Coagulated water was tested.

.. i)
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Table A.IS: Effects of air stripping followed by chlorination and alum coagulation and observation of B.P.(Day-I4)
Parameters

Testing Detail NH, Turbidity Color COD NO, Alkalinity
pH in mg/I asmg/I NTU pt. co unit mg/I mg/I

CaCO,
Parameter's of raw water 2.40 6.70 15.20 53.00 22.00
pH of raw water was raised to 11.00 then I liter was taken
into a cone and Air stripped (Gravel used as packing
material) for 24 hr.( from 9.00 am, 15.05.08 to 9.00 1.195 9.5 0.59 34 8
am,16.05.08) by a pump having air blowing capacity 0.09
cum per hour then the water was tested

Air stripped water was taken for chlorination. Cl, added (
considering B.P. at I: 8.732 with ammonia) 2.13 ml soln. 0.349 0.78 25
added, contact time 30 min. After chlorination water tested.

Water taken after chlorination then pH lowered to 6.50 and
Coagulation carried out by adding alum 60.0 mg/I coagulated 0.15 0.25 14 4
water was tested.

Break Point Chlorination, using water having NH" 7.10 mg/I
(NH, added in Distilled water to raise Ammonia to 7.1 mg/I), Chlorine added mg/I Residual Chlorine mg/I
chlorine strength~46.5%

20 mg/I (B.6ml in 200 ml) 4.lmg/1

30 mg/l(l2.9ml in 200 ml) 6.0 mg/I
View is to compare the chlorine demand 40 mg/l(l7.2ml in 200ml) 6.1 mg/I

50 mg/l(21.5ml in 200ml) 2.2 mg/I

55 mg/I(23.67ml in 200 ml) 0.3 mg/I

60mg/I(25.Blml in 200ml) 0.4 mg/I

65mg/I(27.96ml in 200ml) 2.6 mg/I

70mg/I(30.11ml in 200ml) 3.B mg/I
BOmg/I(34.4mlin 200ml) 5.4 mg/I

n 90mg/I(3B.71mlin 200 ml) 7.7 mg/I
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Table A.I6: Effects of air stripping followed by chlorination and alnm coagnlation (Day-IS)

Parameters
Alkalinit

Testing Detail NH, pH Turbidity Color COD NO, yin mg/l
mg/l NTU pt. co unit mg/l mg/l as

CaC03
Parameter's of raw water 7.25 11.12 20.00 45.00 96.00
pH of raw water was raised to 11.00 then 1 liter was
taken into a cone and Air stripped (without packing
materials) for 14 hrs.( from 6.00 pm, 16.05.08 to 8.00 1.375 9.12 115 31 31am,17.05.08) by two pumps having air blowing
capacity 0.09 cum per hour each then the water was
tested
Air stripped water was taken for chlorination. Cl,
added (considering B.P. at I: 8.732 with ammonia), 9.14 119 22
contact time 30 min. After chlorination water tested.

Water taken after chlorination then pH lowered to 6.50
and Coagulation carried out by adding alum 60.0 mg/l 0.37 6.85 0.96 16 20
coagulated water was tested.

pH of raw water was raised to 11.00 then I liter of
sample was taken into a cone and Air stripped
(Gravel used as packing material) for 14 hrs.( from

1.595 9.15 210 40 316.00 pm, 16.05.08 to 8.00 am,I7.05.08) by two pumps
having air blowing capacity 0.09 cum per hour each
then the water was tested

Air stripped water was taken for chlorination. CI,
added (considering B.P. at I: 8.732 with ammonia), 9.17 217 26
contact time 30 min. After chlorination water tested.

Water taken after chlorination then pH lowered to 6.50
and Coagulation carried out by adding alum 60.0 mg/l 0.59 6.88 1.08 15 17
coagulated water was tested.
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Table A.17: Effects of air stripping followed by chlorination and alum coagulation and determination of BODs at 20° C(Day-16)
Parameters

Testing Detail NH3 pH Turbidity Color COD NO, Initial D.O.
mg/I NTU pt. co unit mg/I mg/I for Bon

Parameter's of raw water 1.70 7.50 18.10 112.00 25.00 7.40
I liter of water was taken in a cone. pH raised to 11.0 and Air

0.80 9.17 274.00stripped for 24hrs then tested the parameters.
I liter of water was taken in a cone. pH raised to 11.0, gravels
kept up to half height of the cone and Air stripped for 24hrs 0.30 10.00 66.30 181.00
then tested the parameters.
Chlorination of the water taken from Sl. No.3 was carried out
by mixing 4.84 ml of chlorine in 750 ml water (l:10=NH3:CI,)
Cl, strength was 46.50% and mixer was I mg/ml. After 0.15 7.90 6.24 25.00 12.00 7.40
Chlorination Alum Coagulation was carried out by mixing 80
mg/l of Alum and tested the parameters
Blank solution was prepared by mixing I ml sewage in 10 liter

7.60distilled water
Raw water, water after Alum coagulation and the Blank were
kept in three BOD bottles, those bottles were kept in a
temperature regulated chamber at 20 deg. Centigrade for 5 days
to check Oxygen demand after 5 days.

Raw water 5.20
Water after Coagulation 5.40

Blank 6.40
Oxygen demands
Raw water= 7.40-5.20=2.20 mg/I
Blank=7.60-6.40=1.20 mg/I
Treated water=7.40-5.40=2.00 mg/I
BODS
Raw water= (2.20-1.20)XIOOO/250(because250ml raw water was mixed in 750 ml of distilled water to make 1000ml sample) = 4.00 mg/l.
Treated water=(2.0-1.20)XIOOO/500(because 500 ml treated water was mixed with 500 ml distilled water to prepare 1000ml sample)=1.60mglI.
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Table A.I8: Effects of chlorination and observation of the impacts of CaO and NaOH in raising pH (Day-I?)
Parameters

,

Testing Detail

Parameter's of raw water
Raw sample with pH 6.60 was taken in four beakers (200 ml
in each beaker), pH adjusted to different values then Chlorine
dose applied as 1:10 with Ammonia content i,e,
0.725XIOX200/465=3.118 ml in 200 ml soln., contact time
allowed 30 minutes for chlorination then the samples were
tested and the following results were obtained.
pH =6.60
pH =8.10
pH =9.00
pH =11.40
Effects of addition of CaO and NaOH on increasing of pH
value of Raw sample were observed as below
To prepare solutions 5 mg of CaO was mixed in 100 ml
distilled water and same amount of NaOH was mixed in 100
ml of distilled water as well in two different beakers. Raw
sample were taken in other two beakers ( 500 ml in each
beaker with pH 6.60). The 0.50 ml CaO mixed soln. was
poured in one of the beakers containing raw sample and 0.50
ml NaOH mixed soln. was mixed in another beaker having
raw sample and changed pH value was checked for both
cases. Thus the procedure was repeated as below and the
following pH values were observed.
pH changes with the addition of CaO soln. in ml.

pH changes with the addition ofNaOH soln. in ml.

NH,
mg/l

0.725

0.33
0.48
0.51
0.58

PH
Soln. added

pH
soln. added

pH

6.60

6.60
0.00
6.60
0.00

Turbidi
tyNTU
35.70

30.00
33.90
36.00
39.50

8.00
0.50
10.00
0.50

Color
pt. co unit

195.00

199.00
203.00
213.00
230.00

10.10
1.00
11.20
1.00

COD
mg/I

96.00

10.80
1.50
11.50
1.50

NO,
mg/I

11.20
2.00
11.60
2.00

Initial D.O.
forBaD

11.40
2.50
11.80
2.50

--a.
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Table A.I9: effects of air stripping followed by chlorination and alum coagulation (Day-I8)

Parameters

Testing details NH3 Turbidity Color COD N03 Alkalinity in

mg/I NTU pI. co unit mg/I mg/I mg/I as CaC03

Parameters of raw water 7.30 25.00 50.00 20.00 1.20 215

Parameters after air stripping at pH 11.00 1.375 115 31 18.00 2.00 480

Parameters after Chlorination (Chlorine dose, 0.52 119 14 3.00 2.50 455
NH3:Ch=1 :8.732=12.0mg/l, contact time 30 min.)
Parameters after coagulation at pH 6.50(Alum dose, 0.37 0.96 8.00 2.00 2.60 185

60mg/l, sedimentation time, 30 min.)

Table A.20: effects of air stripping followed by chlorination and alum coagulation (Day-I9)

Parameters
Testing details

NH3 Turbidity Color COD N03 Alkalinity in mg/I as
mg/l NTU pI. co unit mg/I mg/l CaC03

Parameters of raw water 7.30 25.00 50.00 20.00 1.20 215.00

Parameters after air stripping at pH 11.00, 1.275 210 40 18.00 2.30 510.00
gravels, used as packing material
Parameters after Chlorination (Chlorine dose, 0.42 217 26 3.10 3.50 485.00
NH3:Ch=1:8.732=12.0mg/l, contact time 30
min.)
Parameters after coagulation at pH 6.50 0.30 1.08 10.00 2.50 3.40 165.00
(Alum dose, 60mg/l, sedimentation time, 30
min.)

.,
---..l
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APPENDIX-B
Bangladesh Environmental Conservation Rnles 1997 (Shedule-9 and Shedule-l0)

Table Bl: Bangladesh Environmental Conservation Rules 1997(Schedule-9)
Standards for Discharge of Sewage

SI. No. Parameter Unit Standard Limit
I BOD5 mg/I 40
2 Nitrate mg/I 250
3 Phosphate mg/I 35
4 Suspended Solids ( SS) mg/I 100
5 Temperature OC 30
6 Coliform #/100 ml 1000

Notes: (1) This limit shall be applicable for disposal into surface and inland
water bodies

(2) Sewage shall be chlorinated before final discharge

Table B2: BaneJadesh Environmental Conservation Rules 1997 (Schedule-IO)
SI. Parameter Unit Place for Determination of standards
No. Inland Public sewerage Irrigated

surface system land
water connected to

treatment at
secondary stage

I Ammoniacal Nitrogen mg/I 50 75 75
( as elementary N)

2 Ammonia (as free ammonia) mg/I 5 5 15
3 Arsenic (As) mg/I 0.2 0.05 0.2
4 BODj at 20 DC mg/I 50 250 100
5 Boron mg/I 2 2 2
6 Cadmium (Cd) mg/I 0.05 0.5 0.5
7 Chloride (CI) mg/I 600 600 600
8 Chromium (as total Cr) mg/l 0.5 1.0 1.0
9 COD mg/I 200 400 400
10 Chromium (as hexavalent Cr) mg/I 0.1 1.0 1.0
II Copper (Cu) mg/I 0.5 3.0 3.0
12 Dissolved Oxygen (DO) mg/l 4.5.8 4.5.8 4.5.8
13 Electrical Conductivity (EC) uS/cm 1,200 1,200 . 1,200
14 Total dissolved solids (TDS) mg/I 2,100 2,100 2,100
15 Fluoride (F) mg/l 2 15 10
16 Sulfide (as SL) mg/I I 2 2
17 Iron (Fe) mg/I 2 2 2
18 Total Kjeldahl Nitrogen, mg/I 100 100 100

TKN (as N)
19 Lead (Pb) mg/l 0.1 1.0 0.1
20 Manganese (Mn) mg/I 5 5 5
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Sl. Parameter Unit Place for Determination of standards
No. Inland Public sewerage Irrigated

surface system land
water connected to

treatment at
secondarv stage

21 Mercury (Hg) mg/I 0.01 0.01 0.01
22 Nickel (Ni) mg/I 1.0 2.0 1.0
23 Nitrate (as N03-N) mg/I 10.0 Not yet fixed 10.0
24 Oil and grease mg/I 10 20 10
25 Phenol compounds mg/I I 5 I

(C6H50H)
26 Phosphorus (as P) mg/I 8 8 15
27 Radioactive Materials ----

28 pH ---- 6-9 6-9 6-9
29 Selenium (Se) mg/I 0.05 0.05 0.05
30 Nine (Zn) mg/I 5.0 10.0 10.0
31 Total Dissolved solids (TDS) mg/I 2,100 2,100 2,100
32 Temperature: Summer DC 40 40 40

Temperature: Winter DC 45 45 45
33 Total suspended solids (TSS) mg/I 150 500 200
34 Cyanide (CN) mg/I 0.1 2.0 0.2

Notes:

(I) These standards shall be applicable to all industries or projects other than those

specified under the heading "Standards for sector-wise industrial effluent or

emission".

(2) Compliance with these standards shall be ensured from the moment an

industrial unit starts trial production and in other cases, from the moment a

project starts operation".

(3) These standards shall be inviolable even in case of any sample collected

instantly at any point of time. These standards may be enforced in a more

stringent manner if considered necessary in view of the enviromnental

conditions of a particular situation.

(4) Inland surface water means drains/ponds/ tanks/water bodies/ditches, canals,

rivers, springs and estuaries.

(5) Public sewerage system means treatment facilities of the first and second stage

and also the combined and complete treatment facilities.
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(6) Irrigable land means such land area, which is sufficiently irrigated by

wastewater taking into consideration the quantity and quality of such water for

cultivation of selected crops on that land.

(7) Inland surface water standards shall apply to any discharge to a public sewerage

system or to land if the discharge does not meet the requirements of the

definitions in notes 5 and 6 above.
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APPENDIX-C

Routine Analysis Data of Parameters at SWTP

Table Cl: Water Quality Analysis Results of Raw and Treated water, January to March'2007 at Saidabad Water Treatment Plant, Dhaka WASA

Januarv I Februarv I March
Parameters Sample Unit WHO

1993 AVE. MIN MAX AVE. MIN MAX AVE. MIN MAX

pH Raw Water 7.2125806 6.85 7.58 7.3696429 7.22 7.57 7.3751613 7.2 7.58
Treated Water 6.5-8.5 7.0248387 6.98 7.07 6.9675 6.9 7.08 6.9825806 6.91 7.08

Turbidity Raw Water NTU 5.4587097 2.29 13 19.752143 7.16 37.3 17.132581 6.12 26.7
Treated Water NTU 5 1.2287097 0.44 3.18 4.7960714 1.36 8.24 3.5722581 1.12 4.7

Color
Raw Water TCU 12.714286 5 25 33.444444 18 51 36.636364 28 57
Treated Water TCU 15 3.8571429 I 10 17.2 8 31 17.272727 12 25

Free Chlorine Treated Water mg/I 0.6-1.0 0.2351613 0.17 0.35 0.2321429 0.16 0.32 0.2635484 0.19 0.32
Total. Chlorine Treated Water mg/I 5.1677419 3.75 6.15 5.2660714 3.85 6.5 4.8629032 3.8 6.4

Total Alkalinity Raw Water mg/I 187.75 170 205 255 227 300 237.42857 170 271
Treated Water mg/I 174.625 ISS 192 227.57143 187 257 208.14286 166 235

TDS Raw Water mg/I 219.34 189.7 268 312.48148 201 580 402.93548 291 629
Treated Water mg/I 1000 221.18 192.3 265 318.91481 194.6 680 405.83871 292 636

Dissolved Oxygen Raw Water mg/I 2.9772414 1.71 3.81 2.5785714 1.57 3.79 2.7454839 1.32 3.87
Treated Water mg/I 6.3089655 5.36 6.85 6.0814286 5.48 6.82 5.8441935 4.71 6.59

Total Coliforms Raw Water CFU/l00ml 6112.5 3200 13000 12928.571 5000 20000 13533.333 9000 19000
Treated Water CFU/100ml 0 0 0 0 0 0 0 0 0 0
Raw Water CFU/lOOml 1564.2857 200 4000 9785.7143 800 15000 7562.5 2000 14000

Fecal Coliforms Treated Water CFU/l00ml 0 0 0 0 0 0 0 0 0 0
Treated Water mg/l 0.100 0.253 0.253 0.253

Ammonia Raw Water mg/l 4.6709677 3.1 6.7 8.2648148 7.1 10.2 9.368 5.4 10.8
Treated Water mg/I 1.50 4.4048387 2.2 6 7.35 6.35 9 8.555 4.9 9.9

COD Raw Water mg/I 13 13 13 23.5 23 24 23 23 23
Treated Water mg/l 4 8 8 8 15 15 IS 20 20 20

~
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Table C2: Water Quality Analysis Results of Raw and Treated water, April to June'2007 at Saidabad Water Treatment Plant, Dhaka
April I Mav June

Parameters Sample UNIT WHO
1993 AVE. MIN MAX AVE. MIN MAX AVE. MIN MAX

pH
Raw Water 7.3806667 7.14 7.57 7.4667742 7.35 7.58 7.0003333 6.8 7.47
Treated Water 6.5-8.5 7.0986667 6.94 7.21 7.2083871 7.1 7.29 6.8563333 6.56 7.12

Turbidity
Raw Water NTU 10.414333 5.1 18.2 8.1854839 3.51 16.1 I. 18.732667 4.42 33.9
Treated Water NTU 5 1.5223333 0.51 4.15 0.9348387 0.2 1.98 0.2353333 0.08 0.38

Color
Raw Water TCU 34.266667 13 50 24.833333 II 41 23.727273 12 43
Treated Water TCU 15 14.533333 5 22 7.9166667 3 12 5.4545455 3 9

Free Chlorine Treated Water mg/I 0.6-1.0 0.2386667 0.18 0.36 0.2067742 0.14 0.3 0.2133333 0.1 0.38
Total. Chlorine Treated Water mg/I 3.5016667 1.55 5.15 3.0706452 1.1 4.6 2.546 0.28 5.45
Tolal Alkalinity Raw Water mg/1 223.33333 178 281 182.72727 78 235 73.49 30 134

Treated Water mg/I 203.5 172 230 159.63636 70 220 57.3 21.3 102
TDS Raw Water mg/I 317.88929 198.9 433 237.94516 154.8 307 77.986667 25.4 181.7

Treated Water mg/I 1000 317.88214 194.7 440 241.60968 156.5 299 84.106667 29.1 211

Dissolved Oxygen Raw Water mg/I 1.7135714 1.15 2.79 1.815 1.2 2.57 2.0644828 1.32 2.95
Treated Water mg/I 5.0210714 4.29 6.14 4.9063333 4.13 6.01 4.9006897 4.08 5.84

Total Coliforms Raw Water CFUIlOOml 6053.3333 2300 14000 4560 2000 9000 5806.6667 2500 9500
Treated Water CFUIlOOml 0 0 0 0 0 0 0 0 0 0

Fecal Coliforms Raw Water CFUIlOOml 2664.2857 1000 5900 2000 1000 3500 1213.3333 600 2200
Treated Water CFUIlOOml 0 0 0 0 0 0 0 0 0 . 0

Ammonia Raw Water mg/I 4.8227586 2.25 9.9 3.0451613 1.15 4.8 0.9592308 0.35 1.7
Treated Water mg/I 1.50 4.0206897 1.35 8.9 2.633871 0.9 4.1 0.4830769 0 1.25
Raw Water mg/I 23.35 23 23.7 15.7 15.7 15.7

COD Treated Water mg/I 4 13.15 12 14.3 9.5 9.5 9.5
Treated Water mg/I 250.0 68.5 59.5 77.5 37.25 26.5 48 10.5 9 12
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