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= Experiment No. 1
Determination of pH of Water

INTRODUCTION

H is a measure of the acid or alkaline condition of water. It is a way of expressing the

Eydrogen jon concentration, or more preciously, the hydrogen ion activity. pH is defined as
)

follows:
pH = -log {H'}

where, {H'} is the concentration (or activity) of hydrogen ion (or proton) in moles per liter
(M)
water dissociates to form hydrogen ion (H" and hydroxyl ion (OHY) according to the

following equation:
H20=I'I+ +OH (2)

At equilibrium, we can write,

= {H'} {OH} / {H20} ' €))

But, since concentration of water is extremely large (approximately 55.5 mol/L) and is
diminished very little by the slight degree of ionization, it may be considered as a constant

and its activity is taken as 1.0. Thus, Eq. 3 may be written as:
K= {H'} {OH} C))

where, Ky = Equilibrium Constant

For pure water at 25°C, Ky =107 x107 =107". This is known as the ion product of water or
ionization constant for water. In other words, water (deionized or distilled water) at 25 0c
dissociates to yield 107 mol/L of hydrogen ion (H') and 107 mol/L of hydroxyl ion (OH).
Hence, according to Eq. 1, pH of deionized water is equal to 7.0.

The pH is usually represented by a scale ranging from zero to 14 with 7 being neutral. Most
natural waters are slightly alkaline due to the presence of bicarbonate and less often
carbonate. Water with pH outside the desirable neutral range may exhibit sour tastes ‘and
accelerate the corrosion of metallic plumbing fittings and hot water services. Aeration

removes carbon dioxide and hence causes a rise in pH value.

ENVIRONMENTAL SIGNIFICANCE | |

DA

A controlled value of pH is desired in water supplies, sewage treatment and chemical pfocess
plants. In water supply pH is important for coagulation, disinfection, water softening and
corrosion control. In biological treatment of waste pH is the most significant. Organisms
lnvqlved in treatment plants are operative within certain pH range. According to Bangladesh
Environment Preservation Act (1997), drinking water standard for pH is 6.5 - 8.5. )



=

THEORY

Measurement of pH is
electrometric method is more expensive but accu

but serious errors may result from presence
matter, free chlorine and various oxidants an
wide variety of indicators are used to determi

carried out either colorimetrically or electrometrical!y. The
rate whereas colorimetric method is cheap
of color, turbidity, high saline content, colloidal
d reductants. For colorimetric determination, a
ine pH. In colorimetric measurement standard

color discs or standard color solutions may be used.

REAGENT: Standard pH solution for calibration of pH meter.

APPARATUS: pH meter

PROCEDURE:

1.

Perform calibration of the pH meter using standard pH solutions. The calibration
procedure should depend on the pH range of interest.

Take about 100 ml of the sample in a beaker. Make sure not to agitate the sample in
order to avoid exchange of gases between the sample and the atmosphere.

Insert pH meter in the sample. Allow some time for attainment of equilibrium. Turn
on the pH meter and take reading.

ASSIGNMENT QUESTIONS

1.

2.

Discuss the environmental signiﬁcahce of pH.

Define pH in terms of hydrogen-ion (H") concentration and hydroxyl-ion (OH)
concentration. A decrease in pH of one unit represents how much increase in hydrogen-
ion cogcentration?

Atl 25 C, hydroxyl ion concentration of a solution is 10°”7. Determine the pH of the
solution.
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o Experiment No. 2
Determination of Color of Water
INTRODUCTION

Pure water should not possess any color. Most water available to us are colored to some extent
due to the presence of various impurities (i.e., iron and manganese in association w1tt.1 organic
matter from decaying vegetation). Impurities may be in the colloidal form in water or it may be
in suspended state. Color caused by dissolved and colloidal form of impurities is called true
color and that caused by suspended matter, in addition to dissolved and colloidal matters, is
called apparent color. Ground water may show color due to the presence of iron compound.
Color intensity generally increases with an increase in pH. For this reason recording pH along

with color is advised.

ENVIRONMENTAL SIGNIFICANCE

Colored water is not always harmful to man, but in most cases it is. Even if the water is not

harmful, it is not preferred by people for aesthetic reasons. Also, disinfection by chlorination of
waters containing natural organics (which produces colour) results in the formation of
chloroform, other trihalomethanes, and a range of other chlorinated organics, leading to
problems, which is a major concern in water treatment. So it is important to limit the color of
water -for domestic supplies. According to Bangladesh Environment Preservation Act (1997),

drinking water standard for color is 15 units.

THEORY

Color is usually expressed in platinum-cobalt units (Pt-Co Units) which is based on the
intensity of color produced by a solution of Platinum and Cobalt salts that approximate the
yellow-brown color of natural waters. For easier comparison color discs are prepared to
represent various units of color. The sample is compared with the color discs and the color is

determined.

APPARATUS: Spectrophotometer (HACH)

PROCEDURE

To be shown in class




ASSIGNMENT QUESTIONS

(1) Discuss the environmental significance of color.

(2) Discuss briefly the causes of color in water. What wavelength of light was used in the
measurement of color in the laboratory? ”

(3) Write down the methods that are commonly used for removing color from water and
wastewater.
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Experiment No. 3
Determination of Turbidity of Water

INTRODUCTION

The term “turbid” is applied to water containing suspended matter that interferes with passage
of light through the water or in which visual depth is restricted. Turbidity may be caused by a
wide variety of suspended substances of various sizes ranging in size from colloidal to coarse
particles, depending on the degree of turbulence. In rivers under flood conditions, most of the
turbidity will be due to relatively coarse particles. Whereas in lakes and other waters existing

under relatively quiescent conditions, most of the turbidity will be due to colloidal and
extremely fine particles.

ENVIRONMENTAL SIGNIFICANCE

Turbidity is important for water supply engineers as turbid water is not aesthetically acceptable

to people. There is always a fear among the people that turbid water may cause diseases. For

filtration, turbid water is not suitable as it causes quick clogging of filter bed that necessitates

the use of pre-treatment plant. Turbidity is also an important parameter in disinfection process.

Disinfection is usually accomplished by means of chlorine, ozone, or chlorine dioxide. To be

effective, there must be contact between the agent and the organisms to be killed. However, in
cases in which turbidity is caused by municipal wastewater solids, many of the pathogenic
organisms may be encased in the particles and protected from the disinfectant. Hence USEPA
has placed a maximum level of 0.5 to 1.0 units of turbidity, depending on the disinfection
process used, as the maximum amount allowable in public water supplies.

According to Bangladesh Environment Preservation Act (1997), drinking water standard for
Turbidity is 10 NTU (Nephelometric turbidity unit).

STANDARD UNIT OF TURBIDITY

Because of the wide variety of materials that cause turbidity in natural waters, it has been
necessary to use an arbitrary standard. The original standard chosen was
1 mg SiOy/L = 1 unit of turbidity

and the silica used had to meet certain specifications as to particle size.

Standard suspensions of pure silica are not now used for measuring turbidity. They were used
originally to calibrate the Jackson candle turbidimeter, the former standard instrument for
turbidity measurement [results expressed as JTU (Jackson Turbidity Unit)]. This was a rather
crude instrument in which the turbidity of a suspension was measured by the depth of
suspension through which the outline of a flamesfrom a standard candle just disa gpeared. The
Jackson candle turbidimeter was removed as a standard procedure from the 17" edition of
“Standard Methods”, as it has generally been replaced in practice by more reliable, sensitive,



and easier to use instrument that depend upon the principle of nethelometry. Also silica as a
standard reference material has been replaced by standardized preparations of formazin
polymer. The formazin suspensions were first calibrated against the Jackson candle
turbidimeter, and thus there is some relationship between turbidity measurements by the

Jackson Candle Turbidimeter and nephelometry.

However, the Jackson candle turbidimeter measures the interference of light passage in a
straight line while nephelometry measures the scattering of light from particles. Because of this
basic difference in the phenomenon measured, results from the two different procedures on
different suspensions can vary widely. In order to avoid any confusion this may cause,
turbidity measurements by the standard nephelometry procedure are now reported in
Nephelometric Turbidity Units (NT U). In additions to formazin standards, commercially
available standards such as styrene divinylbenzene beads are also available.

THEORY
The current standard method for measurement of turbidity depends upon instruments that

employ the principles of nephelometry. In this instrument, a light source illuminates the sample
and one or more photoelectric detectors are used with a readout device to indicate the intensity
of scattered light at right angle to the path of the incident light. It is customary to use a
particular formazin polymer suspension as a standard, or commercially available preparations
may also be used. When using formazin standard, 40 NTU are about equivalent to 40 Jackson
candle turbidity units (JTU). Turbidities as low as 0.02 NTU can be determined by this
procedure provided that water with sufficiently low turbidity can be obtained for use in
instrument calibration. Samples with turbidities greater than 40 NTU are diluted with turbidity-
free water until values within the range of 30 to 40 NTU are obtained. The turbidity is then

determined by multiplying the measured by the dilution factor.
APPARATUS: DR LANGE Turbidimeter

PROCEDURE
(1) Ensure that the Turbidimeter has been standardized recently.

(2) Fill the clean sample cell with the water sample and place it in the sample cell holder.
Cover the sample cell with the light shield. Turn on the switch and read the turbidity

directly from the monitor.

ASSIGNMENT QUESTIONS

(1) Discuss the environmental significance of turbidity.

(2) Why turbidity is important in “filtration” and “disinfection” processes?

(3) Write down the methods that are commonly used for removing turbidity from water.
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Experiment No. 4
DETERMINATION OF TOTAL SOLIDS, DISSOLVED SOLIDS
AND SUSPENDED SOLIDS

INTRODUCTION

Total Solids (TS) refer to the matter that remains as residue upon evaporation and drying at

103 to 105°C. Total solids (TS) includes total suspended solids (TSS) - the portion of total
solids retained by a filter, and total dissolved solids (TDS) - the portion that passes through the
filter. Solids are incorporated in water from its source (e.g., minerals with which it has been in
contact). In potable water, most of the solids remain in dissolved form and consists of
inorganic salts, small amounts of organic matter, and dissolved gases. The total dissolved

solids content of potable water usually ranges from 20 to 1000 mg/L. Groundwater usually has
higher dissolved solids.

ENVIRONMENTAL SIGMFICANCE

To determine whether water is suitable for domestic purpose, it is required to know how much
solid it contains. According to Bangladesh Environment Preservation Act (1997), potable
water should not contain more than 1000 mg/1 of total dissolved solids (TDS). Water with high
dissolved solids generally is of inferior palatability and may induce unfavourable physiological

reaction in the user. Water high in suspended solids may be aesthetically unsatisfactory for
such purposes as bathing.

THEORY

Water has a boiling point of 100°C. It may rise by a few degrees due to the presence of

impurities. When water with solids is kept at 103 to 1050C for 24 hours, the water gets
evaporated and the solids either in dissolved state or in suspended state remain as residue.

APPARATTUS

1. Beaker (150 mL) 2pcs.
2. Measuring cylinder (100 mL) 1 pc.
3. Funnel 1 pc.
4. Dropper Ipc.
5. Filter paper 2 pcs.
PROCEDURE

Total Solids:

(1) Take a clear dry glass beaker (which was kept at 103°C in an oven for 1 hour) of 150 ml.

capacity and put appropriate identification mark on it. Weigh the beaker and note the
weight,

-



(2) Pour 100 ml. of the thoroughly mixed sample, measured by the measuring cylinder, in the
beaker.

(3) Place the beaker in an oven maintained at 103 OC for 24 hours. After 24 hours, cool the

beaker and weigh. Find out the weight of solids in the beaker by subtracting the weight of
the clean beaker determined in step (1).

(4) Calculate total solids (TS) as follows:

Total solids, TS (mg/l) = mg of solids in the beaker x 1000 / (volume of sample)
Dissolved Solids:
(1) Same as above (step 1 of total solids).

(2) Take a 100 ml. of sample and filter it through a double layered filter paper and collect the
filtrate in a beaker.

(3) Then repeat the same procedure as in steps (3) and (4) of the total solids determination and
determine the dissolved solids content as follows:

Total Dissolved Solids, TDS (mg/l) = mg of solids in the beaker x 1000 / (volume of sample)

Suspended Solids:

Total Suspended Solids, TSS (mg/l) =TS (mg/L) - TDS (mg/L)

ASSIGNMENT QUESTIONS

1. Discuss environmental significance of solid content in water.
2. How dissolved solids concentration can be estimated from measurement of specific
conductance?

3. Explain why groundwater typically contains high total solids compared to surface water.
Why is the situation reverse for suspended solids?
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Experiment No. 5
Determination of Carbon-dioxide of Water

INTRODUCTION

The total carbon dioxide in water is the sum of the free carbon dioxide and the carbon dioxide
existing in the form of bicarbonate and carbonate ions. The presence of free carbon dioxide in
water is caused by the decay of organic matter, dissolution of carbon dioxide from under
ground sources, and the dissolution from the atmosphere. Since the carbon dioxide content of
the normal atmosphere is quite low (less than 0.04%), this is not a source of appreciable carbon
dioxide except where flue gases containing a high percentage of carbon dioxide are brought in
relatively close contact with the water. Surface waters usually contain less than 10 ppm (mg/L)
of free CO2, while some ground water are found to contain free carbon dioxide exceeding 50

ppm (mg/L).

ENVIRONMENTAL SIGNIFICANCE

Corrosion is the principal difficulty caused by carbon dioxide. This gas on solution in water
producing carbonic acid (Eq. 1) resulting in lowering of pH value and thus produces corrosive
characteristic in water. Severe corrosion of heat exchanger, pipes, valves etc. can result where
appreciable quantities of free carbon dioxide are present in water. Corrosion from carbon
dioxide is boiler system is most frequently encountered in steam and return lines. Even though
the boiler feed water contains no free carbon dioxide, appreciable concentration of this
corrosive gas may come from carbonate and bicarbonate of the boiler feed water. Although
Bangladesh Environment Conservation Act (1997) does not set any limit for its presence in
drinking water, limits for carbon dioxide has been prescribed for many industrial uses.

THEORY

This test for determination of free carbon dioxide in water is based on the titration of the
sample with standard sodium hydroxide solutions in the presence of phenolphthalein indicator
(which changes color from colorless to pink at a pH of about 8.3). The carbon dioxide reacts
With sodium hydroxide to form sodium bicarbonate with a consequent increase in pH value.
The reaction of sodium hydroxide with free carbon dioxide reaches a completion at a pH of

about 8.3, As soon as this pH is reached, a slight pink color is developed and this is taken as
end point of reaction.



The reactions may be considered to occur as follows:

CO, + H,0 = H,CO; (1)
H, CO; + NaOH = HCO5 + Na' + H,0 )
HCO;™ + NaOH =CO;  +Na' +H,0 (3)

REAGENTS

1. Phenolphthalein indicator
2. Standard N/44 sodium hydroxide

APPARATUS

1. Beaker :2 pc.
2. Measuring cylinder : 1 pc.
3. Dropper ¥ LPe
4, Stirrer : 1 pc.
5. Burette : : 1 pe.
PROCEDURE

(1) Take 100 ml. of sample into a beaker and same quantity of distilled water into another.
Add 10 drops of Phenolphthalein indicator to each. If a pink color develops, no carbon
dioxide is present in the water sample. Otherwise, go to the next step.

(2) Add N/44 sodium hydroxide solution from a burette to the sample and stir gently until a

slight permanent pink color appears as compared with the distilled water. Record the ml. of
sodium hydroxide used.

CALCULATION

Carbon dioxide present (mg/L) = Multiplying Factor (MF) x milliliter of N/44 NaOH added

where, MF no}mality 6f NaOH x equivalent wt. of CO; x 1000 / (milliliter of sample taken)

—

Note: Since excess carbon dioxide, if present in water, easily escapes to the atmosphere, tests
for carbon dioxide should be performed immediately after collection of water sample
(especially for ground water samples which usually contain high carbon dioxide). If this is not
possible, the sample bottle should be completely filled and stoppered and the sample should be

kept at a temperature lower than that at which it was collected.
*



where the free carbon dioxide of the water sample is high, there may be some loss of carbon
dioxide to the atmosphere during the titration process. To check this, it is advisable to secure a
second sample. Complete determination of carbon dioxide on the first sample. Then take the
second sample (100 ml.) and immediately add the full amount of N/44 sodium hydroxide
solution used in the titration of the first sample. Add 10 drops of phenolphthalein indicator and
if the sample remains colorless, add additional N/44 sodium hydroxide to the end point (till the
slight pink color appears) and accepting this second test as more accurate titration.

DETERMINATION OF ACIDITY

Phenolphthalein acidity (often called CO, acidity) is defined as the amount of standard base

(usually N/50 NaOH) required to raise the pH of a sample of water to the phenolphthalein end
point of 8.3.

Hence, acidity could be easily determined from the results of CO, determination as follows:

Phenolphthalein acidity as mg/L CaCO3 = CO, (mg/L) x (50/ 44)

ASSIGNMENT QUESTIONS
(1) Discuss the environmental significance of carbon-dioxide in water
(2) Why groundwater usually contains more carbon-dioxide than surface water?

(3) Why the test for carbon-dioxide should be performed immediately after collection of the
water sample? Explain.
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Experiment No. 6
Determination of Alkalinity of Water

INTRODUCTION

The alkalinity of water is a measure of its capacity to neutralize acids. The term acid neutralizing
capacity (ANC) is sometimes used. The alkalinity of natural waters is due primarily to the salts of weak
acids, although weak or strong bases may also contribute. Bicarbonates represent the major form of
alkalinity, since they are formed in considerable amounts from the action of carbon dioxide upon basic

materials in the soil (as shown in Eq.1).

CO; +CaCO; + H,0 = Ca’* + 2 HCO, )

Other salts of weak acids, such as borates, silicates, and phosphates, may be present in small amounts.
A few organic acids, for example humic acid, form salts that add to the alkalinity of natural waters.

Although many materials may contribute to the alkalinity of water, the major portion of the alkalinity in
natural waters is caused by three major types of chemical constituents: (i) hydroxide, (ii) carbonate, and
(iii) bicarbonate. For most practical purposes, alkalinity due to other materials in natural waters is
insignificant and may be ignored. The predominance of different carbonate species (closed syatem) is

shown in Fig 1.

pKy =637
pK, = 10.33

Figure 1: Logarithmic concentration diagram for 0.001 M Carbonic Acid (Source: Sawyer et al., 1994)

ENVIRONMENTAL SIGNIFICANCE

The alkalinity of waters is due principally to salts of weak acids and strong bases, and such substances
act as buffer to resist a drop in pH resulting from acid additions. Alkalinity is thus a measure of the
buffer capacity and in this sense is used to a great extent in wastewater treatment practice. Alkalinity is




very important in iron removal from water b oxidation-precipitation process. It has been found that

rate of oxidation of dissolved ferrous iron (Fe +) into insoluble ferric iron is vary slow for low alkaline
waters (alkalinity less than 130 mg/l as CaCO;). Because the alkalinity of many waters is primarily a
function of carbonate, bicarbonate and hydroxide content, it is taken as an indication of the
concentration of these constituents. Alkalinity of water has little public health significance. Highly
alkaline waters are usually unpalatable.

THEORY

Alkalinity is measured volumetrically by titration with N/50 (i.e., 0.02 N) H,SO, and is reported in

terms of equivalent CaCOs. For samples with initial pH is above 8.3, the titration is made in two steps.

In the first step, the titration is conducted until the pH is lowered to 8.3, the point at which

phenolphthalein indicator turns from pink to colorless. The second phase of the titration is conducted
until the pH is lowered to about 4.5, corresponding to the methyl orange (or bromocresol green) end
point. When the pH of a sample is less than 8.3, a single titration is made to a pH of 4.5. The first end
point of pH 8.3 corresponds to the equivalence point for the conversion of carbonate to bicarbonate (Eq.
2, Fig 1). When alkalinity is measured to the phenolphthalein end point (pH 8.3), it is called
phenolphthalein alkalinity which is due to the presence of either hydroxide or carbonate or both.

CO; + H' =HCO5 2)

The pH of about 4.5 used as the end point for the second step of the titration corresponds approximately
to the equivalence point for the conversion of bicarbonate ion to carbonic acid (Eq. 3, Fig 1). When
alkalinity is measured to the methyl orange (or bromocresol green) end point, it is called methyl orange
alkalinity or total alkalinity which is due to the presence of hydroxide, carbonate, and bicarbonate.

HCO; + H' =CO,;* | 3)

REAGENTS

1. Phenolphthalein indicator

2. Standard 0.02N (or N/50) sulfuric acid
3. Methyl orange indicator

APPARATUS
1.Beaker 2 pc
2. Measuring cylinder :Ipc
3. Dropper :Ipc
4. Stirrer :Ipc
PROCEDURE

(I) Take 100 ml. of the sample into one beaker and the same amount of distilled water into another

beaker.
(2) Measure pH of the sample with a pH meter. o
(3) Add 3 drops of phenolphthalein indicator to each. If the sample becomes pink, go to step (3).

Otherwise, go to step (4).
(4) Add 0.02N H,SO, acid from a burette until the pink color just disappears. Record the ml. of the acid

used.
(5) Add 3 drops of methyl orange indicator to each beaker. If the sample becomes yellow add 0.02N
H,80; acid until the first change in color is noted. The end point is a slight orange tinge. Record the

ml. of acid used. ;

CALCULATION
Thus, Phenolphthalein Alkalinity = (ml of N/SO H;SO4 to pH 8.3) x 1000 / (ml of sample) .




=(mlof Hy804 to PH 8.3) x Multiplying Factor (MF) @

and, Total Alkalinity : ((ttgg nTl] o;' N/50 H,S0, to pH approx. 4.5) x 1000 / (ml of sample)
' H3504 to pH approx. 4.5 x Multiplying Factor (ME‘) 5)

where, MF = normality Of ;S04 x equivalent wt. of CaCO, x 1000/ (mi of sample taken)

ﬂQB_Qz‘iDE' CARBONATE. AND BICARBONATE ALKALINITY

[n water an‘al).’ 5;5 1tis .ofte'n deSil‘a_ble to know the kinds and amounts of the various forms of alkalinity
present. This information is especially needed in Wwater-softening processes and in boiler-water analysis.

There are three procedures commonly used to make these calculations:
(1) Calculation from alkalgmty measurements alone,

2) Calculation from alkalinity plus pH measurements, and

3 Calculation from equilibrium equations.

The first is the classic.al. method and is based on empirical relationships for the calculation of the
various forms of alkalinity from phenolphthalein and total alkalinities. This is intended for use by
technicians and others who do not have knowledge on the fundamental chemistry involved.

The second procedure gives sufficiently accurate estimates for most practical purposes, and also makes
use of phenolphtha.lem and total alkalinity measurements. In addition, an accurate initial pH
measurement is required for the direct calculation of hydroxide alkalinity.

In the third procedure, the various equilibrium equations for carbonic acid are used to compute the
concentrations of the various alkalinity forms. This method gives reasonably accurate results for
constituents, even when present in fractional mg/l range. A total alkalinity, as well as a pH
measurement, is required. In addition, a dissolved solid measurement to correct for ‘ion activity and a
temperature measurement for the selection of a proper equilibrium constant are needed. However,
reasonably accurate results are obtained without these two data if the dissolved solids concentration is
not too high and water temperature is around 25 0C. Description of all three procedures are available in
Sawyer et al. (1994). The following section describes only the third procedure to determine hydroxide,

carbonate and bicarbonate alkalinities.

Calculation from Equilibrium Equations
The relevant equilibrium equations are as follows:

H;O = H+ + OH" (6a)
Kw={H'} {OH} = 10™ (at 25 °C) (6b) .
H,CO; =H*+HCO5 . (7a)
Ka = {H'} {HCOs} / {H,COs} = 10*° (at 25 C) (7b)
HCO;'= H' + CO* (8a)
| (8b)

Ka= {H'} {CO;*} / {HCOy} = 10"°* (at25 °C)

The alkalinity of water can be expressed as follows:

¥,



Total alkalinity (mg/l as CaCO;) / 50,000 = (HCO,") + 2 (CO™) + (oﬁ*) o) ©)

From the above equations, the following expressions for different alkalinities can be derived:

Carbonate alkalinity = [50,000 {(alkalinity/50,000

(mg/l 85 CaCO3) . ) +(H) - (Kw/ (H)}] /1 + {(H)/2Kn2}) (10)
Bicarbonate alkalinity = [50,000 {(alkalinity/50,000) + (H") - (K/ HY/ [+ 2K/ HOY (1)
(mg/l as CaC0O3) .

It should be noted that the equilibrium constants vary with temperature and activities of ions vary with

concentration of ions in water. If temperature of water varies significantly from 25 ©C and ionic
strength of water is high (that is high concentration dissolved ions), appropriate corrections need to be

incorporated in the above equations. Otherwise these equations would give reasonably accurate results.
Sometimes actual concentrations of carbonate and bicarbon

; ate ions may be desired. Conversions to
mg/l of CO;™ and HCOj" are as follows:
mg/l COs* = mgJl carbonate alkalinity x 0.6 (12)
mg/l HCO5™ = mg/l bicarbonate alkalinity x 1.22 13)
Molar concentrations may be obtained as follows:
(CO5H) = (mg/l CO;) / 60,000 (14)
(HCO5) = (mg/l HCO5) / 61,000 (15)
ASSIGNMENT QUESTIONS

(1) Discuss the environmental significance of alkalinity.
(2) Define total alkalinity, phenolphthalein alkalinity, and methyl orange alkalinity?

(3) Calculate hydroxide, bicarbonate, and carbonate alkalinities of a water sample with a total
alkalinity of 250 mg/l as CaCO; and a pH of 7.8. Which type of alkalinity dominates the total

alkalinity? Also calculate the concentrations of carbonate (CO;>) and bicarbonate (HCOy) ions. [Hint:
Use Egs. 10-15]
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Experiment No, 7
Determination of Hardness of Water
pACKGROUND
BACKGROUND

Hard waters are generally considered to be those waters that re
produce a foam or lather and thaft a.lso produce scale in hot-water pipes, heaters, boilers, and other units in
which the temperature of water is increased substantially. The hardness of water varies considerably from
place to place. In general, surface water is softer than

: . ¢ groundwater. The hardness of water reflects the
nature of the geological formations with which it has been in contact.

quire considerable amounts of soap to

Hardness is caused by multivalent metallic cations. Such cations are capable of reacting with soap to
form precipitates and with certain anions present in water to form scale. The principal hardness causing
cations are the divalent calcium, magnesium, strontium, ferrous iron, and manganous ions. These cations
and the important anions with they are associated are shown in Table 1 in the order of their relative
abundance in natural waters. Aluminum and ferric ions are sometimes considered as contributing to the
hardness of water. However, their solubility is so limited at pH values of natural waters that ionic

concentrations are negligible. The hardness of water is derived largely from contact with the soil and rock
formations.

Table 1. Principal cations causing hardness and the major anions associated with them

~ Cations causing Anion
Hardness
Ca™* HCO;
Mg* SO
S Cr
Fe?* NO;5
Mn?* Si0,>

ENVIRONMENTAL SIGNIFICANCE

Hard waters are as satisfactory for human consumption as soft waters. Because of their adverse action
with soap, however, their use for cleansing purpose is quite unsatisfactory, unless soap costs are
disregarded. Soap consumption by hard waters represents an economic loss to the water user. Sodium
soaps react with multivalent metallic cations to form a precipitate, thereby losing their surfactant
properties. In recent years these problems have been largely alleviated by the development of soaps and
detergents that do not react with hardness.

Boiler scale, the result of the carbonate hardness precipitation, may cause considerable economic loss
through fouling of water heater and hot water pipes. Changes in pH in the water distribution systems may

also result in deposits of precipitates. Bicarbonates begin to convert to the less soluble carbonates at pH
values above 9.0,

..



Soft <50 mg/] as CaCo,
Moderately hard 50 - 150 mg/1 as CaCO,
150 - 300 mg/1 as CaCO,

Hard
Very hard > 300 mg/1 as CaCO,

water are generally classified in terms of the degree of hardness as follows:

THEORY
Hardﬂess.is usually expressed in terms of CaCO;. Perhaps the most accurate method of determining
hardness. is by a calculation based upon the divalent ions found through complete cation analysis. This
method is preferred where complete analyses are available. Hardness caused by each cation can be

calculated as follows:

Hardness (as mg/l CaCOs) = M™* (mg/l) x 50 / (Equivalent weight of M2") ¢))

where, M** = concentration of divalent metal cation in mg/l and 50 is the equivalent weight of CaCO,.

However, complete analyses of metal ions are not always available and in laboratory total hardness is
usually determined by the EDTA Titrimetric Method. This method yields very precise and accurate

results and is the method of choice in most laboratories.
The EDTA Titrimetric method involves the use of solutions of thylene-diamine-tetra acetic acid )

(EDTA) or its sodium salt as the titrating agent. These compounds are chelating agents and form
extremely stable complexes with Ca>*, Mg?* and other divalent cations causing hardness, as shown in Eq.

2.
M?* + EDTA = [M.EDTA] complex ()]

The successful use of EDTA for determining hardness depends upon having an indicator present to show
when EDTA is present in excess, or when all the ions causing hardness have been complexed.

The Eriochrome Black T dye serves as an excellent indicator to show when all the hardness ions have
been complexed. When a small amount of Eriochrome Black T, having a blue color, is added to ha'rd
water with a pH of about 10.0, it combines with a few of the Ca> and Mg™" ions to form a weak complex

ion which is wine red in colour (Eq. 3).

M?* + Eriochrome Black T = (M.Eriochrome Black T) compiex 3)
(wine red colour)

During titration with EDTA, all free hardness ions are complexed according to Eq. 2. Finally, the EDTA
disrupts the wine red (M.Eriochrome Black T) because it is capable of forming more stable complex with
the hardness ions. This action frees the Eriochrome Black T indicator, and the wine red color changes to

a distinct blue colour (Eq. 4), indicating the end of titration.



. lack T) +
Enochrome B complex EDTA(M EDTA)C DI
: . onj :
(wine red color) Piex + Eriochrome Black T )
(blue color)

M‘S‘:

puffer solution (for attaining a pH close to 10.0).

riochrome Black T dye.
dard EDTA solution.,

e The above three reagents have been procured from HACT Co., USA)

APPARATUS

1. Beaker :1pc

2. Measuring cylinder :1pc

3. Dropper :1pec

4. Srirrer ’ :1pc
: 1 set

5. HACH auto-titration device

PROCEDURE

(1) Take 50 ml sample in a 150 ml beaker.
(2) Add one ml of standard buffer solution (supplied by HACH) to raise the pH of water sample to about

10.0 (Note: If 100 ml sample is taken, add 2 ml buffer).
(3) Add one packet of Eriochrome Black I dye (supplied by HACH) indicator to the beaker. The sample

would turn wine-red (if hardness is present).
(4) Fit the cartridge containing standard EDTA solution to the titrator device (supplied by HACH).

(5) Turn the flow control knob of the device until the solution starts to come out of the tube fitted to the
cartridge. Take initial reading of the counter.

(6) Immerse the tube fitted to the cartridge into the water sample and start titrating (under constant
stirring) by turning the flow control knob of the auto-titrator. Continue until the wine-red color of

the sample changes to blue. Take final reading of the counter.

CALCULATION

Total hardness as mg/l CaCOs = 2  (initial counter reading - final counter reading)

If 100 m] sample is taken, hardness = (initial counter reading - final counter reading)

TYPES OF HARDNESS
'
ometimes necessary to know the type of hardness

In addition to total hardness, it i irable and
ss, it is often desirable vt : .
Present, Hardness is classified in two ways: (1) with respect to the metallic ion (calcium and magnesium

%



Calcium and Magnesium Hardness

cium and magnesium cause by far the greatest portion of th

. * s
C fimes, it is important to know the amounts of calci
m ium

Som€

lete chemical analysis. | i
from the cqmp \ ysis. If calcium hardness i :
by s ybtracting calcium hardness from total hardness as fS:"l:vtfennmed, magnesium hardness is obtained

Total hardness - calcium hardness = magnesium hardness
®)

Carbonate and Non-carbonate Hardness

The part ot tota! hardrfess that is chemically equivalent to the bicarbonate plus carbonate alkalinities
present in water is considered to be carbonate hardness. Since alkalinity and hardness are both expressed
in terms of CaCO3, the carbonate hardness can be found as follo:}s: B pres

When alkalinity < total hardness,
Carbonate hardness (mg/1) = alkalinity (mg/I) ()

When alkalinity > total hardness,
Carbonate hardness (mg/l) = total hardness (mg/1) | )

Carbonate hardness is of particular interest because the bicarbonate and carbonate ions with which it is
associated tend to precipitate this portion of the hardness at elevated temperatures such as occur in boilers
or during the softening process with lime. Carbonate hardness was formerly called temporary hardness

because it can be caused to precipitate by prolonged boiling (Eq. 8).

®)

Ca** + 2HCO; = CaCO;s (s) + CO, + H,0
®

Ca* + 2HCO; + Ca(OH) , = 2CaCO0; (s) + 2H,0

The amount of hardness which is in excess of the carbonate hardness is called noncarbonate hardness,

and can be estimated as follows:

Non-carbonate hardness (NCH) = total hardness - carbonate hardness (10)

cannot be removed or

Non-carbonate hardness was formerly called permanent hardness because it
and nitrate -

precipitated by boiling. Non-carbonate hardness cations are associated with sulfate, chloride,

anions.

Pseudo-Hardness ‘

Sea, brackish, and other waters that contain appreciable amounts of Na' interfere with the normal
behavior of soap because of the common ion effect. Sodium is not a hardness-causing cation, and so this
action which it exhibits when present in water in high concentration is termed pseudo-hardness.

ASSIGNMENT QUESTIONS '

(1) What is hardness and how it is caused? Discuss the environmental significance of hardness.



#

|
|
.

A water sample has the following analysis;

)
20 mg/l Cr 40 ma/l
Ié: 30 mgfl HCO; 67 mg/l
M 10 mg/l Cco* 0 mgl
? 2 mg/l S0,* 5 mg/l
e 30 mg/] NO' 10 mg/l

what is the total hardness, carbonate hardness, and non-carbonate hardness in mg/l as CaCO;

3) What do you understand by temporary hardness? A water sample has a total alkalinity of 265 mg/l

and a total hamess of 315 mg/l as CaCO,. Calculate carbonate and non-carbonate hardness (in mg/l
as CaCO;) of the sample.
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Determination of Chloride Concentration of Water
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Chlorides occur in all naturﬁl waters in widely varying concentration. The chloride content
normally increa.ses as tl}e mineral content increases. Upland and mountain supplies usually
are quite low in chlorides, whereas river and groundwater usually have a considerable
amount. S€2 and ocean waters represent the residues resulting from partial evaporation of
natural waters that flow into them and chloride levels are very high.

Chlorides gain access to natural waters in many ways. The solvent power of water dissolves
chlorides from topsoil and deeper formations. Spray from the ocean is carried inland as
droplets or as minute salt crystals, which result from evaporation of the water in the droplets.
These sources constantly replenish the chlorides in inland areas where they fall. Ocean and
sea waters invade the rivers that drain into them, particularly the deeper rivers. The salt water,
being denser, flows upstream under the fresh water which is flowing downstream. There is a
constant intermixing of the salt water with the fresh water above. Groundwater in areas
adjacent to the ocean is in hydrostatic balance with seawater. Over-pumping of groundwater
produces a difference in hydrostatic head in favor of the seawater, and it introduce into the
fresh water area. Such intrusion has occurred in many areas of the coastal southern region of

Bangladesh

Human excreta, particularly the urine, contain chloride in an amount about equal to the
chlorides consumed with flood and water. This amount average about 6 gm of chlorides per
person per day and increases the amount of CI' in municipal wastewater about 15 mg/l above
that of the carriage water. Thus, wastewater effluents add considerable chlorides to receiving
streams. Many industrial wastes (e.g., tannery waste) also contain appreciable amount of

chlorides.

ENVIRONMENTAL IMPORTANCE

Chlorides in reasonable concentrations are not harmful to human. At concentrations above
250 mg/l they give a salty taste to water which is objectionable to many people. For this
reason, chlorides are generally limited to 250 mg/l in supplies intended for public use. In
many areas of the world where water supplies are scarce, source containing as much as 2,000
mg/l are used for domestic purposes without the development of adverse effects, once the
human system becomes adapted to the water. According to Bangladesh Environment
Preservation Act (1997), drinking water standard for chloride is 150-600 mg/l; but for coastal

regions of Bangladesh, the limit has been relaxed to 1000 mg/l.

jological testing procedures, chemical testes for chloride

Before the development of bacter
d as the basis of detecting contamination of

and for nitrogen, in its various forms, serve
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f ethod the chloride of the sample ;

| Jn Mohr mENOT, mple in determined by titration wi i

| nitrate solution 0":);2? Ilzlres-ence qf potassium chromate ind);catoi K’)l?h:v“t‘gt:nsc;a n:lla;f[l :tl\lvg’t
- ommends a 0. silver nitrate solution which corresponds to a N/71 :f)lutioi :r a

solution in which each milliliter is equivalent to 0.50 mg of chloride ion

n the titration, chloride is precipitated as a white silver chloride (Eq. 1)
Ag'+ CI'= AgCl (white precipitate) (1)

The end point of titration cannot be detected visually unless an indicator capable of
demonstrating the presence of excess Ag" is present. The indicator normally used in
potassium chromate, which supplies chromate ions. As the concentration of CI ions becomes
exhausted, the silver ion concentration increases and a reddish brown precipitate of silver
chromate is formed (Eq. 2).

2Ag" +CrO4" = AgCrO; (reddish brown precipitate) 2)

This is taken as evidence that all chloride has been precipitated. Since an excess Ag' is
needed to produce a visible amount of Ag,CrOs, the indicator error is subtracted from all

titrations.

Several precautions must be observed in determination of chloride for ensuring accuracy:

(1) A uniform sample size must be used, preferably 100 ml (or 50 ml), so that ionic

concentrations needed to indicate the end point will Pe constant. .
(2) The pH must be in the range of 7 to 8 because Ag' is precipitated as AgOH at high pH

levels and then CrO,% is converted to Cr2072' at low PH levels.. . N
(3) A definite amount of indicator must be used to provide a certain concentration of CrO4",
otherwise Ag,CrO4 may form too soon or not soon enough. |
The indicator error or blank varies somewhat with the ability of individuals to detc?ct a
noticeable color change. The usual range is 0.2 to 0.4 ml of titrant. An error of 0.2 ml will be

used in this class.
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m chromate indicator

tassiu :
((12)) }S)?]jcr nitrate solution (0.0 141N)
WR/‘T'U"S‘
0 Measuring cylinder (100 ml) : 1 pe.
, 2) Beaker 1 | pc.
(3) Dropper : 1pec.
) Stirrer : 1 pe.
| prOCEDURE
(1) Take 50 ml. of the sample in a beaker and add 5 drops (about 1 ml) of potassium

chromate indicator to it.

(2) Add §tandarfj (0.0141 N) §ilYer nitrate solution to the sample from a burette, a few drops
at a time, .w1th constant st.lrrmg until the first permanent reddish color appe,ars This can
be determined by comparison with distilled water blank. Record the ml. of silver nitrate

used.
(3) If more than 7. or 8 ml. of silver nitrate solution are required, the entire procedure should
be repeated using a smaller sample diluted to 50 ml with distilled water.

CALCULATION

Chloride, CI' (mg/1) = (ml. of AgNO; used -“error” or “blank”) x Multiplying Fagtor (MF)

where, MF= normality of AgNO; x equivalent wt. of CI" x 1000/ (milliliter of sample taken)

7

ASSIGNMENT QUESTIONS

(1) Discuss the environmental significance of chloride in water.

(2) What precautions should be taken in the determination of chloride concentration by Mohr

method? Explain why.

(3) In determination of chloride, why an indicator «plank” or “error” is subtracted from the

amount of silver nitrate used in titration? Explain.
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Determination of Iron Concentratigp of Wat
ater

well as manganese, creates serious prob| i 4

" 8 €ms in publi i

lre most cn?lcal f((j)r. gfounldfyvater. I.ron exists in soilz ang vr\:it:;r?l? p;;csi. Tﬁe&robflenfs

e /h.ydfo’“del'ar;l tlxron IS\L ide .(pyrlte). In some areas, it also occurs as ferr::x: c: b emtc
is very slightly soluble. Since groundwater usually contains significant amorur:icrslaoef

" bon dioxide, appreciable amounts of ferrous carbonate may be dissolved according to Eq

1.

FeCO3; + CO, + HO = Fe?* + 2HCO; (1)

If reducing (anaerobic) conditions exist in groundwater environment, the insoluble ferric iron
[Fes+] is reduced to more soluble ferrous iron [Fe**] and iron concentration in water
increases. There seems to be enough evidence to suggest that development of reducing
(anaerobic) condition is essential for appreciable amount of iron (as well as manganese) to

gain entrance into water.

ENVIRONMENTAL SIGNIFICANCE

As far as is known, humans suffer no harmful effects from drinking waters containing iron
and manganese. Such waters, when exposed to the air so that oxygen can enter, become

turbid and highly unacceptable from the aesthetic viewpoint owing to the oxidation of iron
and manganese to the Fe**, and Mn*' states that form colloidal precipitates. The rates of
and thus reduced forms can persist for some time in acrated waters.
is below 6 with iron oxidation and below 9 with

be increased by the presence of certain inorganic

oxidation are not rapid,
This is especially true when the pH
manganese oxidation. The rates may
catalysts of through the action of micro-organisms.

h laundering operations, impart objectionable stains to
s in distribution systems by supporting growths of iron
hich is detectable at very low concentrations.
ation Act (1997), drinking water standard for -

Both iron and manganese interfere wit
plumbing fixtures and cause difficultie
bacteria, iron also imparts a taste to water w
According to Bangladesh Environment Preserv

iron is 0.3-1.0 mg/l.

THEORY .
the reduced form (ferrous, Fe?*) and the fully

Iron : s, namel e
may be present in two forit & ’ ldom found in true solution in natural waters,

oxidized form (ferric, Fe*"). Ferric iron 1S S¢
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;r:\d pwcipitmcd in alkaline waters as ferric

perric iron is determined by producing a red

it Ssi : -colored i
the addition of potassium thiocyanate (Eq.2). 1ron compound, ferric thiocyanate, by

Fe’* +3 KCNS = Fe(CNS), + 3 X*

| | ()
The quantity of ft:-n‘lc iron is determined b i ;
e o om solutions. Yy comparison with the red color produced by

. se sOME iron may exi i . -
Since y exist as iron hydroxide precipitates, it is necessary to make sure that all

jron 18 in soluble condition. This is done by treati

: : X ng the sample to be tested with hyd i
- X . : ochl
acid to dissolve the ferric hydroxide. For determination of total iron following thisy p\r'ozedourr‘:

jt must be ensured that all iron exist in ferric form (F 3+ Vs
- . e ). This i i i
by using potassium permanganate, an oxidizing agent. ) s most readily accomplished

Ferrous iron is also determined colorimetricall :
; - y by producing a bl
Turnbull’s blue, by the addition of potassium ferriocyanate (E(f. 3). ue compound, known &5

3 Fe?* + 2 K3Fe(CN) 6 = Fe; [Fe(CN)¢] 2 + 6 K" 3)

The quantity of fCrI‘Ol:lS is determined by comparison with the color produced by standard iron
solutions. Standard iron solutions (in both cases) are prepared from ferrous ammonium
sulfate crystals [FeSO4(NH,) 2S04.6H,0].

REAGENTS

(1) Hydrochloric acid

(2) Potassium permanganate solution
(3) Potassium thiocyanate solution
(4) Standard iron solution

APPARATUS

(1) Nessler tube (2)

(2) Measuring cylinder (1)

(3) Dropper (1)

PROCEDURE

(1) Place 100 ml. of the water sample in a Nessler tube.

(2) Add 5 ml. of dilute hydrochloric acid. _
(3) Add two drops of potassium permanganate solution.



A 4d 5 ml. of potassium thiocyanate solution. The solution would turn brown if iron is
( resent.
5 Compaf
o) Conia

« the brown color formed with the standard prepared as follows:
100 ml. of distilled water in a Nessler tube.

(b) Add 5 ml. of the dilute hydrochloric acid.
©) Add two drops of potassium permanganate solution.

(d) Add 5 ml. of potassium thiocyanate solution.
©) Add 0.2 ml ata time of the standard iron solution until the color of the standard

and the sample match.

CALCULATION

Iron present (mg/l) = ml. of the standard iron solution used.

ASSIGNMENT QUESTIONS

(1) Discuss the environmental significance of “jron” in water.

(2) Why hydrochloric acid and potassium permanganate are added to the sample in the

determination of iron.

(3) Groundwater with high dissolved iron concentration often becomes turbid after extractior

(in contact with air). Explain why.
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. Experiment No. 10
Determination of Biochemical Oxygen Demand (BOD)

NTRODUCTION
/-—_-—_

i dable organic
When biodegra g matter/waste (the most commo
. X . n category of pollutant affectin
Surf?ecse WS:erL;[S‘;‘Sictha‘(‘;getm:ﬁtz W:itef ll)Ody, micro-organisms (especially bzcteria) fed on th%
wastes, .ea. wn mpler organic and i i : i
decomposition takes place in an aerobic :  Uotpanic substances. When this

S © ! environment (i.e. in presence of oxygen; E 1), th
rocess is termed as “Aerobic Decomposition”, whi b A
groducts (e.2., CO3, SO4, PO, » Which produce non-objectionable stable

NO}) and the pro ;
content of water. process draws down the dissolved oxygen (DO)

Aerobic bacteria
Organic matter + (079

> CO; + H,;0 + New cells + Stable products m

When insyfﬁcient oxygen i§ available or when oxygen is exhausted by the aerobic
decomposition of wastes, .dlfferent set of microorganisms carry out the decomposition
anaerobically (Eq. 2) producing highly objectionable products including H,S, NH3 and CHa.

Anaerobic bacteria
Organic matter

> CO, + CH4 + New cells + Unstable products )

The amount of oxygen required by microorganisms to oxidize organic wastes aerobically called
“Biochemical Oxygen Demand” (BOD). BOD may have various units, but most often it is
expressed in mg of oxygen required per liter of water/ wastewater (mg/L). The total amount of

oxygen that will be required for bio-degradation is an important measure of the impact that a
given stream would have on the receiving water body.

Dissolved oxygen is the most commonly used indicator of the general health of a surface water
body. If DO goes below 4 to 5 mg/L (due to decomposition of organic wastes), forms of life that
can survive begin to be reduced. When anaerobic condition exists, higher life forms are killed.or

driven off. Noxious (unhealthy) condition, including floating sludge, bubbling, odorous gases,
and slimy fungus growth prevails.

THEORY

The biochemical oxygen demand (BOD) determination is an empirical test, in which
standardized procedures are used to determine the oxygen requirements of wastewater, effluents
and polluted waters. It has become a standard practice to simply measure and report the oxygen
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The five-day BOD of a diluted sample is given by

|
BOD4 = [DO; — DO x DF 3)

where, DF = Dilution Factor = (Vol. of wastewater + dilution water)/ (Vol. of wastewater)

In some cases, it becomes necessary to seed the dilution water with microorganisms to ensure
that there is an adequate bacterial population to carry out the biodegradation. In such cases, two
sets of BOD bottles must be prepared, one for just the seeded dilution water (called the ‘blank™)
and the other for the mixture of wastewater and dilution water. The change in DO for both is

measured. The oxygen demand of the wastewater (BOD,,) is then determined from the following
relationship:

BODn Vi =BOD,, Vy + BOD4 V4 4)

where,

BODy,, = BOD of the mixture of wastewater and dilution water
BODg = BOD of the dilution water alone

Vw = Volume of wastewater

V4= Volume of dilution water

V= Volume of the mixture = Vy + V4

 Dilution water and seed:

A wide variety of dilution waters have been use_d for BOD \A!ork. Natural 'surface waters !\ave
°en used, but they suffer from a number of disadvantages including variable BOD, vanablF
micro-organism population and variable mineral content. Tap water has also .be.:e.n used, b}xt. it
also suffers from many of the limitations of the surface w?te_r plus the possibility of toxicity
0 . . '
ylrlrt]hce}t‘il:i;?]i triisr:dvl:::; prepared by adding different salts. to fiistilled water has been found to be
the most ideal for use as dilution water. The pH of the dilution water should be between 6.5 to
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In some cases, it becomes necessary to seed the dilution water with mic.roorganisms to ensure
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ntations of Eq. (6) and Eq. (8) respectively.

Figure 1(a) and 1(b) show the graphical represe
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Figure 2. Illustration of Carbonaceous and Nitrogenous Biochemical Oxygen Demand

| BOD reaction rate constant, k

The BOD reaction rate constant, k, is a factor that indicates the rate of biodegradation of wastes.
As k increases. the rate at which dissolved oxygen is used increases, although the ultimate

amount required, Lo, does not change.

K = Ky 6720
0°C.
Where, ky is the reaction rate constant at standard 2

T or 0 is 1.047. - "
Bgziglost com{nor}ly USgd vﬁ:gﬁafceous organic matter, a significant additional demand may be
¢ the oxidation of carbor compounds. To distihguish this nitrogenous biochemical

c . . 1 enous . .
Oil;séed bg the o(;u;iaﬂor; h(::f E;trrl;)f“aceous biochemical oxygen demand, the two are sometimes
€n demand from

referred as NBOD and CBOD respectively. Figure 2 illustrates the two demands for a typical
ed as an



astc-

W
icip? t5
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Note that the NBOD does not begin to exe

_day BOD tests are not affected by the nitrif; rt itself for at least 5 to 8 days.

cation process.

pctcrmination:

;
Cof noO
»]']Cor . .
ons involved in the various steps of the Winkler Me

o are presented below: thod of dissolved oxygen (DO)

L At
1h;rmm3“0
@ .
|fate reacts with potassium hydroxide i .
apous Su s ydroxide in the alkalin T .
Mangae o white precipitate of manganous hydroxide. ¢ potassium iodide solution to

Pro

MnSO4 +2KOH = Mn(OH),  +K,SO, 9
(white precipitate) )

white precipitate is obtained, there was no dissolved oxygen in the sample and there is no
" proceed fufther. A brown precn'pl.tate §hows that oxygen is present and reacted with the
s hydroxide. The brown precipitate is manganic basic oxide and formed as follows:

the
‘need t

2Mn(OH); + O2 = 2MnO(OH), (10)
(brown precipitate)

Upon the addition of (sulphuric) acid, this precipitate is dissolved, forming manganic sulfate:

MnO(OH), + 2H,S04 = Mn(SO4); + 3H,0 ' (11)

' This compound immediately reacts with potassium iodide, liberating iodine and resulting in the
 typical iodine (blue) coloration of the water.

Mn(SO4)+ 2KI=MnSOQ4 + K;S0,4 + 12 o (12)
(blue)
these reactions is equivalent to the quantity of oxygen

The quantity of iodine liberated by
titrating a portion of the solution

present in the sample. The quantity of iodine is determined by
with a standard solution of sodium thiosulfate solution.

2Na,S;03 + I,= NayS40¢t+ 2Nal Q13

REAGENTS

1. Manganous sulfate solution

2. Alkaline potassium iodide solution
3. 0.025N sodium thiosulfate

4. Starch solution (indicator)

5. Concentrated sulfuric acid.

APPARATUS
- 1.BOD bottle . 33mos
- 2. Beaker (250 ml) + 1 no.
3. Measuring cylinder : 1 no. .
4. Dropper : 1 no.
: 1 no.

3. Stirrer




cEDURE for determination of DO)
pRO

t
Mmediate tles should be

) completely fj
lling with < p y filled.

0 Add 1 ml of manganous sulfate solution t

: . o the B
end of the pipette just below the surface o ¢ BOD bottl

f the water. ¢ by means of pipette, dipping in

)

(2) Add 1 ml of alkaline potassium iodide solution to the BOD bottle in a similar manner.
(3) Insert the stopper and mix by inverting the bottle several times.

(4) Allow the “precipitates” to settle halfway and mix again.

(5) Again allow the “precipitates” to settle halfway.

(6) Add 1 ml. of concentrated sulfuric acid. Immediately insert the stopper and mix as before.

(7) Allow the solution to stand at least 5 minutes.

(8) Withdraw 100 ml of solution into an Erlenmeyer flask and immediately add 0.025N sodium
thiosulfate drop by drop from a burette until the yellow color almost disappears.

(9) Add about 1 ml. of starch solution and continue the addition of the thiosulfate solution until

the blue color just disappears. Record the ml. of thiosulfate solution used (disregard any
return of the blue color).

CALCULATION

Dissolved Oxygen, DO (mg/L) = mL of 0.025N sodium thiosulfate added x 2

Calculate BOD of the sample according to Eq. 3 or Eq. 4.



(GNMENT QUESTIONS
A5

~

() !n aBOD /ESt on a diluted wastewater sample (1:20 dilution, but not seeded), the initial DO
is 8.4 mg/L and final DO after § days is 4.2 mg/L. If the reaction rate constant is 0.22/day,
calculate: (a) S-day

.BOD of the wastewater, (b) ultimate carbonaceous BOD of the
wastewater, (C) remaining Oxygen demand after 5-days.
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Experiment No.11
Chemical Oxygen Dem

Determination of and (COoD)

M

| -

sical oxygen demand (COD) test j . f
The cher f domestic and industrial wastes. measurement of a waste in terms o
Wengﬂ] ° ntity of oxygen required for oxidation to carbon dioxide and water. The test is 'baseci_
(he total q‘;l::hat all organic compounds, with 5 few exceptions, can be oxidized by the action o
on the f:: dizing agents under acid conditions.

{' qrong

S widely used as

a means of measuring the organic
This test allows

10X d water
the determination of COD, organic matter is converted to carbon dlomg:da;;gnin .l
purng eof the biological assimilability of the substance. For example, glucose
regardle§§ized completely. As a result, COD values are great
both OXi

er than BOD values, especially
biologically resistant organic matter (e.g., lignin) is present.
when b1

) : . biologically
he chief limitations of COD test is its inability t(;'déffereggt?;Z)bZZ::?c et In
One of the : ble) and biologically inert (non-biodegra
. g8 biodegradable)
oxidizable (

. al
i iologically active materia
does not provide any evidence of the rate at which the biologically
s doe . of
addlﬂiog; 1sttabilized under conditions that exist in nature.
wou

ination
. : tion. The determin
e 04 'COD test is fhe short fime reqm.red o tet:/ea lr‘:\e:;asurement of BOD. For
The major advan:)ag t 3 hours rather than the 5-days required 'fortances
in abou i ermy Hvr .
can be made't is used as a substitute for the BOD test in many
this reason, 1

THEORY

1dizi ent in the
; as the oxidizing agent 1n t
tassium permanganate is usually uf)i(lid 1 e determmathf(\l
Potassiummdichromats o po'a class potassium permangana.te Wand attacks the carbonaceous an
determination of COD. In this D elective in the reaction
- a
m permang

of COD. Potassiu

not the nitrogenous matter.

to ensure that
of oxidizing agent must be present

SS

OD, an exce

This
thi f the reagent.
i thin the power o
: completely as possible Wllt is necessary, therefore, to measure
Il organic matter is oxidized as be present in all samples. be determined. For this purpose, a
aeql(:iris that a reasonable excessthat the actual amount can
) SO

. manner
the excess in some

i ally used.
monium oxalate) is usuaily
gent (e.g., am :
i a i
solution of a reducing

ing C
In any method of measuring

REAGENTS

1. Dilute sulfuric acl rmanganate
2. Standard potassium pe()xalate

3. Standard Ammonium




R

Sl ker @50mD) 11 o,
. propper 1 no.
, stirrer I no.

pROCEDU RE (For water

) Pipette 100 ml of the sam

: Pleinto a 250 )
(2) Add 10 mL. ofd.lluted sulfuric acid ang 1‘31
\;) Heat the flask in a boiling water ba

’ th for ex
above the level of the solution i e actly
reaction in the flask.

* smaller san}ple di!uted to 100 ml with distilled wat;r
5) After 30 minutes in the water bath,
This 10 ml amm

on a.ldd .10 ml of standard ammonijum oxalate into the flask.

> Which is a reducin

(6) The quantity of ammonium o

permanganate used.

CALCULATION

COD (mg/I) =[mL of KMnO, used in Step (6) x (100) / mL of sample used]

§ ASSIGNMENT QUESTIONS

1) What are the principal advantages and disadvantages of the COD test over the BOD test.
(

1) Explai lues are greater than BOD values. ‘ |
(3; Wir:tawovljl}iiyticir?fevr?e%e from gthe following analytical results regarding the relative ease of

biodegradability of each waste?

COD (mg/)
Waste type 5-day BOD (mg/l) 300
240
A 100 500
(B: 120 | 240
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Oagulati
gulatiop (Alum Coagulatinn)

RODUCTION

orface water generally containg .

) ear turbid and may ;

water to app . Y Impart color tg 1

idity are difficult t O the water. Coljo; :

wd b el that they pacrrate from water becaugs the panpe - 1C1e5 that cause color

 and are ed. the individ F rough the pores of most comm f‘s e nt settle by gravity

be removed, the individual colloids mys; aggregate and mon filtration media. In order to
avity. Chemical agents are used to prom and grow in size

cause the

aggregation of colloids is referred to as ch

= electrical forces of repulsion and promOt?(r)rrlllZ?l“cc})‘agu_latilon. Coagulation involves reduction
chemical type” interaction between colloids,

which eventye;:ly results in settling of the colloids and accomplishes removal of turbidity and
color. At hl%’ }::r colag}llant doses, ‘fcharge reversal” is possible which may result in re-
suspension of the colloids. Hence optimum coagulant doses are determined through laboratory

model tests wher? tht;z water to be treated are subjected to a range of doses of a coagulant and
the removal efficiencies are observed.

Many authors use the term “coagulation” to describe the process by which the charge on
particles is destroyed, and the term “flocculation” to describe the aggregation of particles into
larger units. The chemical used for this purpose is called are called coagulants. The most
common coagulants used in water and wastewater treatment are aluminum and ferric salts such

as alum,ferric chloride and ferric sulfate.

The common metal salt alum (aluminum sulfate) is a good coagulant for watf:r contain'm.g
appreciable organic matter. The chemical formula used for commercial alum s
Aly(S04)314H,0. Once dissolved in water, aluminum forms hydroxo-complexes and solids
le.g., AI(OH)s(S), AI(OH)**, Al(OH):-, A}(OH)4; Egs. 1-5] and as a result pH of water is
lowered, especially if alkalinity of water 18 lO.W.. Theoretically, e_ach mg/l of :alpm consume
approxir,natel 0.50 mg/l (as CaCOs) of alka.hmty. For.water Wlt.h low alka!lnlty, this may
result in si niyﬁcz-mt reduction in pH that may lntfarfere with formatlon of aluminum hydroxide
flocs Ifthg kalinity is insufficient, coagulant aids such as lime (CaOH,), soda ash .(‘NaQCO3),
activ.t ) e.? ali d polyelectrolytes are used to provide the necessary alke.thty. Iron
Coagﬁlzntssl) ;)Zara;'; o fer a wider pH range and are generally effective in removing turbidity

and color from water. However they are usually more costly.

_ AP +3 S04 (1)

A15(S04)s. 14 HZO (@lum) =28 . @)

AP* +3 H,0 = AIOHD: (2+ ‘ (3)

AP’ + H,0 = Al(OH) ++ H' (4)

Al3+ + H O = A](OH)Z_ & + (5)
2 Al(OH)4 +H



o5 the removal of turbidity and color .

eI olso widely use Oagulati _
Blfate is als Y used for remoyq) of heavy ot With alum 204 ferri
W' rocess heavy metal jong are Y Metal jong (e.g., 1 Crric chloride or ferr
his ation) ONto  coagulated flocs Primarily removed y.’ Ta > Arsenic) from water llc
pr a;ulation with alum and ferric Chlori:f/ Mmetal (either a|um?:“810rptmn (and SUbseq\;e:t
0 e . . :
Cr <e;ic from water. Sulfate haye been successfull(;’u lrr(;n) hydroxides
i S¢d for removal of
GENTS
gEAGENTS

1) gtandard Alum solution,

0 standard Arsenic solution (if As removal is tg pe demonst
Onstrated)
APPARATUS

(1) Coagulation (stirring) device

(2) pH meter

(3) Turbidity meter

(4) Glass beakers (1000 ml; 6 nos.)

PROCEDURE

(1) Determine pH and turbidity of the water to be
color and arsenic concentration of the water t
parameters are to be determined).

(2) Fill six 1000 ml beakers each with 500 ml water to be treated.

(3) Add required (as instructed by teacher) coagulant (standard alum solution) to each beaker.

(4) Mix the samples in the beaker with the help of the stirring device. Subject the samples to
one minute of rapid mixing followed by 15 minutes of slow mixing (about 40 rpm).

(5) Allow the floes to settle down for about 15 minutes. Observe the characteristics of the floes '
and the settling rates.

(6) Collect the supernatant from each beaker and measure pH and turbidity of each. You may
be instructed to measure color and arsenic concentration of the supernatant samples (if
removal efficiencies of these parameters are to be determined).

(7) Plot pH versus alum dose ina graph paper and observe effect of alum dose on pH.

(8) Plot turbidity versus the coagulant (alum) dose in a graph paper. Determine optimum dose

of alum from this plot. o
(9) Arsenic and color remova e
and arsenic concentrations are

ciencies could also be determined if measurements of color
carried out,



ASSIGNMENT QUESTIONg

(1) What do you undergy

and by coagulag: - i lants are most
ule ¢ ? Which coagu
commonly used for w gulation and flocculation

ater anqd Wastewater treatment?

(2) Why addition of alyy may

result i i . Discuss the effect of alum dose on
pH from your €Xperimenta| e d‘r SR ipsale

results,

(3) What is the

. Primary mechanism by which heavy metal ions are removed during
coagulation?
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Expcrimcnt No. 13

Residual Chlorine anq Chlorine Demand: Bregy
<l Break p

oint Chlorination
TROI YUCTION

INLE

Chlorination of public water supplies and pollute
activate dlse.ase-producmg microorganisms Th
widely practiced. Chlorination may produce sg : :

roblen. In recent years, chlorination has L me adverse effects including taste and odor

o (THM n found to produce trihalomethanes (THMs)
. s oo S are suspected human carcinogens). Thus, use of
alternative d_lsmfec.tants, such as chlorine dioxide and ozone that do not cause this particular
problem, 1s Increasing.

d waters serves primarily to destroy or de-
© practice of disinfection with chlorine is

CHEMISTRY OF CHLORINATION

Disinfectant capabilities of chlorine depend on its chemical form in water, which in turn is
dependent on pH, temperature, organic content of water, and other water quality factors.
Chlorine is used in the form of free chlorine [e.g., chlorine gas] or as hypochlorites [e.g.,
NaOCl and Ca(OCl),]. Chlorine applied to water either as free chlorine or hypochlorite

initially undergoes hydrolysis to form free chlorine consisting of aqueous molecular chlorine,
hypochlorous acid and hypochlorite ion.

CLb+H,0 =HOCI+H+CrI Q)
NaOC1 =0C1 +Na" )
Ca(OCl); =20CIl +Ca* )
HOC1 =H"+ OCI 4)

The relative proportion of these “free chlorine” forms is pH and temperature-dependent.
Figure 1 shows a distribution diagram for the various chlorine species (Cl,, HOC1, OCI)
over a broad pH range.

Figure 1 shows that Cl, can be significant only at low pH values (be]o.w pH 2); while HOC1
is dominant between pH 3 and 6. Bet\.Neen pH 6“and 9, the relat.we tjra.ction of HOC'l
decreases, while the corresponding fraction of OCI increases. The dlss.ocnatlon of HOC\. is
also temperature dependent. The effect of temperature is such that at a given pH, the fraction
of HOCI will be lower at higher temperatures. Generally, t.he disinfectant capabilities of
HOCI are greater than that of OCI, especially at short contact times (Montgomery, 1985).



et . o W A P 35§ UM

'Figure 1: Distribution diagram for chlorine species at 25°C (Total Chlorine, Ct = 107 M)
sy T —

{reactions with Impurities in Water:

{ Reactions with Ammonia: Free chlorine reacts readily with ammonia and certain nitrogenous
; compOUfldS to fo.rm what are collectively known as “combined chlorine”. The inorganic
{ chloramines consnst. of three species: monochloramine (NH,C1), dichloramine (NHC15) and
sichloramine or nitrogen trichloride (NCl3). The presence and concentrations of these
{ .ombined forms depend on a number of factors including the ratio of chlorine to ammonia-
{ ritrogen, chlorine dose, temperature, pH and alkalinity.

NH; + HOC1 =NH,Cl1 + H;0 | (5)
NH,C1 + HOCI1 = NHC1,+ H,0 (6)
NHC1,+ HOCI1 = NCls+ H0 (7

' addition to chlorinating ammonia, chlorine also reacts to oxidize ammonia to chlorine-free

sroducts (e.g., nitrogen gas and nitrate) as shown below.

3 Cl+ 2 NH;=Na(g) + 6 H' +6CI ®)
4c12+NH3+3HzO=SCl+N03+9H 9)

The mono- and dichloramines have signiﬁcant disinﬁ?cting power and are therefore of
nterest in the measurement of chlorine residuals. C.or.nbmed chlo.rme in water supplies may
be formed in the treatment of raw w'fxters cpntammg ammonia; chlorinated wastewater
¢ffluents, as well as certain chlorinated industrial effluents normally contain only combined

cthlorine.

Reactions with Other Impurities: Chlorine combines with warious reducing agents and
thus increasing the chlorine demand which must be satisfied before

organic compounds g )
chlorine is available to accomplish disinfection.




fe s s that will react with chjoy; JUCing agents present in water
upP1® henols, which cap ; €an react with, pheno| di-
> richlorophenols, AN Impart tastes ang odor § to produce mono-, di-,
o . substances present ip wa S to w

ter to aters, Chlorine also react with

The different segment of the curve is describeg below

If the water is free of ammonia and other compounds that may react with chlorine, the
application of chlorine wi|j yield fi

_ ree available chlorine residual of same concentration.
This is denoted by the “no demand line or the “zero demand line”.

¢. Addition of chlorine be

yond point B results in forming mainly mono- and di
With mole ratios of ch|

orine to ammonia up to 1:1 [i.e., Cl:NH;-N
med. Chloramines thus formed are effecti

-chloramines.

= 1:1}, both mono and
ve disinfectants.

Y present in water [i.e., Cl,:
ve from C to D.

Addition of chlorine beyond point D would produce free chlorine residuals and is referreq
0 as “breakpoint chlorination”. In other words, chlorinati

all ammonia is converted to N; or higher oxidation state is referre
chlorination”.
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Figure 2: Generalized curve obtained during breakpoint chlorination
(Source: Peavy and Rowe, 1985)

Breakpoint chlorination is required to obtain a free chlorine residual for better disinfection if
ammonia is present in a water supply. While free chlorine residuals have good disinfecting
powers, they are usually dissipated quickly in the distribution system. For this reason, final
reatment with ammonia if often practiced to convert free chlorine residuals to longer-lasting
combined chlorine residuals. The difference between the amount of chlorine added to the
water and the amount of residual chlorine (i.e., free and combined available chlorine
remaining) at the end of a specified contact period is termed as “chlorine demand”.

o

"y

REAGENTS:

Starch Indicator

Standard 0.001N Sodium thiosulfate
Potassium lodine crystal

Cone. Hydrochloric Acid

Chlorine water

S Rl S

APPARATUS:

1. Erlenmeyer flask (250 ml) : 1 no.

2. Bottle (8-0z) : 6 nos,
3. Beaker (250 ml) : 1 no.

4. Measuring cylinder : 1 no.

5. Dropper ~ : 1 no.
6. Stirrer : 1 no.




Y your teacher) of “chior:
orine water” (stock solution

of the flasks, T

sks. The chlori

rator orine conte “ .

£ Y) would be provided to nt of the “chlorine
1e six flasks. you by your teacher.

Calculate the chlorine dose for each ¢

-nake each flask gentl .
, sha gently and allow to stand for 30 minutes

. Determine residual chlorine o
Jescribed below: f water from each flask by the starch-iodi hiod
-iodine method as

Starch-IOdi“e Method:

he starch-iodine method i .

T - quals to convert iodi .S b.ased on the oxidizing power of fi ; i

residua iodide ion into free iodine as shown bel ree and combined chlorine
elow.

CL+2I =L +2CI

I+ e
, + starch => blue color (qualitative test for the presence of Chlorine)

In the. starch.-lo(.ime method, the quantity of chlorine residuals is determined by measuring the
quantity of.lodmc released by titration with a reducing agent sodium thiosulfate (N2;5203)-
The end point of titration is indicated by the disappearance of blue color.

I, +2 Na,S,0; = NaS406+ 2 Nal
Or, I, +2S;05° =840 +21

The procedure to be followed in the laboratory is described below:

(a) Place 200 ml of the sample in an Erlenmeyer flask. Chill to 20°C or lower by
immersing the flask in a bath of ice-water.

(b) Add a small crystal of potassium iodine an
acid to the water. .

(c) Add 1 ml of starch solution to the water.

chlorine in the water. . _ ) )
(d) Titrate the solution with standard sodium thiosulfate (N2;S203) solution until the

blue color just disappears. , , )
(e) Record the quantity (in mL) of sodium thiosulfate (Na28;03) solution used.

4 1 mL of concentrated hydrochloric

A blue color shows the presence of

CALCULATIONi
Residual chlorine (mg/L) = mL of 0.001N Sodium thiosulfate used x Multiplying Factor
(MF) '

B lit of N2;$203 * equivalent wt.'of Cl; x 1000/ (ﬁ\l of sample taken)
where, MF normaity 45 x 1000/200 = 0.1773




|GNMENT QUESTIONS
ASSIEET

: /hat are the major disadvantape Tl 3
A ( ;‘ignfectants. vantages of chlorination? Name some of the alternate

2) You would like to perform chloring
would be the relative proportions o
in pH would you propose in order t
better disinfectant?

tion to a water sample with pH 7.5. At this pH, what
”:‘OC] and OCI (see Figure 1). What kind of change
O Increase the relative proportion of HOC1, which is a

(3) Schematically draw a “chlorine residual®

. ! . versus “chlorine dose” curve for a water sample
with no ammonia or organic matter.
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Experiment No. 14

inatj
ation of Arsenic in Water

RODUCTION

._.5

N

\

is particularly challenging in v
tlhel:gmajor source of d%inging%s‘aiilra?esh since tubewell water extracted from shallow aquifers is
OF most of its population. The rural water supply is almost

| entirely based on groundwater suppj |
| also heavily dependent on ground?vit)érthrough ot pump el e e e

Awareness about the pr 5
e s fixet ek presence of arsenic in groundwater has been growing since late 1993 when

arsenic was etected in the district of Chapai N ' ' i 1 distri

¢ India. Since then high apai Nawabganj bordering the West-Bengal district
0 ; d- He rcll igher levels of arsenic (exceeding the WHO standard of 0.01 mg/L and
Hianga ZS ST Of 0.05 mg/L) have been detected in many regions of the country. Affected
areas an estimates of atjfgcted.population are being updated, as more data are becoming
available. Out'of 6. fidn'nmstratlve districts of Bangladesh, arsenic contamination has so far
begn reported in 6] districts and an estimated 20 million people are at risk of arsenic toxicity.
Thl.S has lqwered e population coverage by safe water supply to an estimated 80 percent from
an impressive fighre of nearly 98 percent. The southern and northeastern districts are the worst
affected by arsenic pollution. Figure 1 shows a distribution of arsenic concentration in

groundwater of Bangladesh.

n groundwater is of geologic origin and is probably only apparent
now because it is only the last 20-30 years that groundwater has been extensively used for
drinking in rural areas. Weathering of arsenic-rich base metal sulfides in the upstream of the
Ganges basin appears to be a major source of arsenic-rich iron oxyhydroxides in the sediments
of Bangladesh. Arsenic-rich iron oxyhyd'roxide.s appear to be t.he major source of arsenic, from
which arsenic is released as 2 result of dissolution and desorption. Reducing environment in the
alluvial aquifer, primarily due to t!qe presence of organic r.n.atter, promote§ dissolution of iron
oxyhydroxides and release of arsenic. Use of .phosphate femh.zer can potentially t':nhar}ce rele.ase
of arsenic as @ result of replacement of arsenic by phosphate ions on the adsorption sites of iron
Natural and anthropogenic processes that may lead to release/ mobilization of

roxides. . .
Zfs):gg in the subsurface are being investigated.

In Bangladesh, the arsenic i
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,' ; According to ECR 1997, drinking water standard for arsenic in Bangladesh is 50 pg/L (or 0.05
' mg/L). The WHO guideline value for arsenic in drinking water is 10 pg/L and the USEPA is

i also planning to revise its standard from 50 pg/L to 10 pg/L.

ARSENIC CHEMISTRY

Arsenic occurs in water in several different forms, depending upon the pH and the redox
d and species are shown in Table 1. In

p;)tent(;al, Es. Some of the most important compounc ¢ > .
groundwater, arsenic primarily exists as inorganic arsenic. Inorganic trivalent arsenic, [As(lIT))
or arsenite is the dominant form in reducing environment; while inorganic pentavalent arsenic

2




or arsenate 1s the dominant form in
WV ont where the conditions are

oxidizing or

X ael"ObiC .

I ol ; : Mostly reduci " €nvironm
I As shown In Table 1, in the PH range of nf:g, a Significan ent. In

e 1t Arsenic compounds and species 5
[

. : nd the; ;
importance in water Cir CNVironmental and toxicological

//Con‘ pounds

. “Mvironmental —
Significance/ Dominant S
“yrsine As’ T\R“\"e};’,‘@n
""i;'m('”’ Arsenic As —1nor Importance Most toxic As species |
‘\’%ﬁalent Arsenic As(llT) MMCG. Least toxic As species |
" Anaerobic 10 times more toxic than J
i Arsenite, Inorganic H3As0, SH=0%9 As (V)
1 HZASO3. _
| 2 pH =10-12
‘ HAsO
1 3 pH=13
‘ 250y | pH=14
Mexhylated fis (1) Minor Importance Less toxic than Inorganic
‘f Organo-As(111) RetHil
Pentavalent arsenic As(V) Aerobic 10 times less toxic than 4\
P , As(I1)
Arsenate, Inorganic H3AsO, pH = 0-2
H2A504., pH =3.6
HAsO,* pH = 7-11
AsO> pH=12-14 '
Methylated As (V) Minor Importance \ Less than Inorganic As(V) J
Oragano-As(V) |
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HEALTH EFFECTS OF ARSENIC

i inki i i d water, a great variety of specific as well as non-
lation drinking arsenic contaminated \ L ‘
Isgeaci[;'?f lslymptoms may be observed. Table 2 lists some of the effects of arsenic reported to be
due to exposure through drinking water.

by the National Institute of Preventive and Social Medicine (NIPSOM), arsenic
In a stuc.ly 4 enicosis) have been identified in 37 districts (Ahmad et al., 1998). A total of
related diseass (a'rjentiﬁed in 162 villages in the 37 districts, mostly in the rural areas. Three
6000 cases were ‘ tions of chronic arsenicosis were observed in the study (Ahmad et al., 1998),
stages of manifesta atients were found in the first and second stages. The most common
but most of the e‘:nelarlOSiS» keratosis, hyperkeratosis and depigmentation. Cancers were found
> we:; actinic keratosis and Bowen’s diseases were observed among 3.1% of the
amongl0_'23°<<>rr§;2)rt ant to note that the study found that the cases at initial and second stages of
cases. It 15

el ;mprovement when patients stopped taking arsenic contaminated water and
toxicity Shotake of protein rich food, vitamin A, E and C.

presentatiorl

increased 1M




e 2 Toxicological effects due tq
fab water (WHO, 1996; Khan

Effect

Bl al Dermatosis Hyperkeratos
e ———

ni€ i R
415 e S, Hyperp;i Pathy Keratosj emarks
Jone specifl Téau§ea, Abdm%;?‘“gme,l@im 8 May necessitate
‘ - onjunctivitis, o I, Diarrhoea. v operation
oy disorders S » Oedema » Vomiting T
- »°gn/32,/———‘——‘— pontaneous abortions " ainly due to acute
intoxication

fre A

L diseas¢€ Coa :

el rcta —
HL’ar tlon (naerW]n

disturbance

//’—_ Bladder, Kidne

VCancCl'

Dheral"neu}apath

A 2 = =
W Dermal lesion, Pery Sl!]lptim*

» Miscarriages
g2) of aorta, cardiovascular

Y, Ski g
Kin & Lun s, Liver & Colon |

€Xposure .
1997) QQ high arsenic concentrat;
1on in drinkin
g

Among children

Mainly due to
cancer

\NALYTICAL METHODS FOR MEASURING ARSENIC

¢

Ana]yncal methods for measuring arsenic may be categorized as follow
s:

(1) Inductively coupled plasma (1CP) method
) Srzijpblte fumacg atomic absorption spectrophotometry
(3) Hydride generation atomic absorption spectrophotometry

4) Hydri-dc generati.on-scraper-spectrophotometry (SDDC method)
(5) Hydride generation-scraper-indicator paper-field kit

' The first three methods involve high-cost equipment and provide more accuracy and lower

detection limit (in the range of 1 pg/L). The la
The principle employed in these two methods is

HC1/KV SnCl
As(llT) / As (V) "™
-—_

As (111) Zn

st two methods are relatively low cost methods.
explained Fig. 2.

AsH; (Arsenic Hydride Gas)
l

/——————H
Pass through the solvent (.8
SDDC) to produce a (red)

Measure intensity of color in 2

Determin€ AS concen})ratlonrated
from «gtandard curve gene

i s
with water having known A

s .

Figure %: Pri

e

v

Pass through a paper soaked in an
absorber (e.g., Mercuric bromide) to
produce a (reddish) color

l

Estimate As concentration comparing
with color produced by known
standards (color chart)

%

nciple of arsenic determination following hydride generation



(loﬂ i
# L, 2H =Zn® 4 2H bt
A c/Bromide - copO
(\'?0 N S romide = Coloreq Complex ((12))
> (3)
i DETERMINATION
SED
GENERATION-SCRAPER-SP
e GEN - ECTROPHOTOME
S:DR“’E GENERATION-SCRAPER-INDICATOR PAPEN;I}E;::‘:;;(I;’S
of Sample:  Arsenic i
f Ic 1S often present in very small concentration in water.

; arﬂfian
::refbre" water .samples are often pre-concentrated in ord .
»xg n a given volunje. Pre-concentration is usuall rder t(i) aoidifyi i 200300
;}jrsaﬁ1P‘e and then reducing the volume to about 35 m| i1)1/ a?:aeteryb:tcl:dlfymg S
ccaution Arsenic ls'often found in groundwater with high concentration of i Fe). Aft
raction; Iron present in groundwater in ferrous (Fe?*) form is converted toof it &3 ?’Z f m
contact with at_mOSphenc oxygen and forms ferric hydroxide Fe(OH) (s?rch(s eAzse(::Q
v As(V), is strongly adsorbed onto these ferric hydroxide flocs. Tﬁerefore c;a.re shoula
le taking water sample from a bottle in which red colored ferric hydro;dde flocs are

3eci3”
idify the bottle first (thus dissolving the ferric hydroxide flocs) and then take

. aken Whi
chle. It is better to ac
er sample for pre-concentration.

) ARSENIC DETERMINATION: HYDRIDE GENERATION-SCRAPER-SPECTROPHOTOMETRY:

SILVER DIETHYLDTHIOCARBAMATE (SDDC) METHOD
referred to a “Silver

the laboratory is commonly

- method followed in
od" (Standard Method, 307B, 1985). Minimum detectable quantity
(i) conversion (reduction) of

Ihyldithiocarbamate Meth
This method essentially involves:
he form of arsenic hydride

As for this method is 1 pg.
. arsenic in water into As(lID), (i) generation of arsine gas in t
h a solution of silver diethyl - dithiocarbamate (SDDC)

sHs), (iii) passing of arsine gas throug
(iv) measurement of absorbance of the colored

1 producing a red-colored complex; et _
in a spectrophotometer at 535 nm wavelength; (V) determination of arsenic
Absorbance) developed with

nplex
1centration from a standard curve (As concentration Versus
ywn concentration of arsenic following the same procedure.

| “AGENTS , ot

' Hydrochloric acid, (2) Po’tassmllT\llI lOdlll('ie solution,

¥ ' lution, (4) Metallic zIn®, .
'Stannous chloride SO 1on, e solution in pyridine.

' Silver diethyl-dithiocar

| PPARATUS d
) Assembly for spDDC metho
) Spectrophotometer |

S e e
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4ke about 35 ml s

ample ip

a cleg
| concentrated hyc
\

O\ . “I\ Ar\‘. A
: hm.hlnrldc acid () ‘C\n\c generator bottle.
qNOUS chloride (SnC) b,

A

2) solutj 1 h2m) Potassium jo;

“ate [ASID]. _ Hhon. Wait 15 Minutes for ll":(“(\)l(
soak glass wool in lead acetate (pppc
ordet tO ch'mmalc Mterference from \‘n(ll
al sitver dlcthyl—d\tl\mc:\rbnl\\:\tc re; \

, Add 3 g metallic zine (Zn) in (e generag b
mmediately. Make certain that Lor

all connectj
. o ctions
, ‘\\ ™ Y )
y Allow 30 m_mulL for complete generation of arsine (ac i
sencrator slightly to ensure that all arsine § “ (according to ec
< > ) ) o S IS SA5C 3
for measurement of absorbance. aed.1
, casure absorbance of the solyti
5) Measure Solution at 535 run in i
\ o the reference. a spectrophotometer, using reagent blank
) p,-q.vm'«:ilm\rz) ((’)f Sm"i\w‘d. Curve: Treat portions of standard solution containing 0. 1.0, 2.0
5.0, and 100 g As m the same manner described above. Plot absorbance versus
concentration of As in the standard and develop a stand
7y Concentration of Arsenic:
\

ard curve.
ng As/L = (ng As from standard curve)

Phide pag by :

. r. This is i
i \hsmhmg N S 1s done in
agent in the

and connect scrubb
er-absorb 3S
are fitted tightly. o amembly

equations 1, 2). Warm the
our solution from absorber in tubes

*1000 / (volume of sample)

(b) ARSENIC DETERMINATION USING HYDRIDE GENERATION SCRAPER-INDICATOR
P4PER METHOD: MODIFIED MERCURIC BROMIDE STAIN METHOD (JALIL, 1998)

A simple and reasonably accurate method for arsenic measurement has been developed in the

Environmental Engineering Laboratory, Department of Civil Engineering. BUET (Jalil. 1998).
The measurement using the "BUET Arsenic Kit" follows the principle of Mercuric Bromid'e
Stain Method. It involves: (i) reduction of As(V) in water to As(Ill); (ii) genera.tion of arsenic
hydride (AsHs); (iii) passing arsine gas through a filter paper soaked in mercuric bromide and

producing a yellowish color on the paper, and (iv) determination of arsenic concentration by
comparing the produced color with a standard colored chart.

REAGENTS

(1) Hydrochloric acid; (2) Potassium lodide solution;
(3) Stannous chloride solution; (4) Zinc ;?owder .
(5) Filter paper soaked in mercuric bromide solution

APPARATUS N
Assembly for “BUET Arsenic Kit”

PROCEDURE

(1) Take 50-ml water sample in the clean arsine generator bottle. Add 5 ml HCI, 1 ml Kl and 0.2

ml SnC1, solution. After each addition, shake the generator for mixing the contents. Wait 15
minutes for reduction of As(V) to As(11l).

(2) Takea mercuric bromide soaked filter paper and air-dry it.



P
T T

e |

\ !

he dried paper ip its Proper
0 powder zinc into the
\d - rubber-cork assemb]y

v 30 minutes for complete reaction
§HIO he filter paper out from the rubber. o

pOSitiOn in t
e
8enerator apq g Fubber-cork assembly,

T\mediately close the generator bottle tightly

ke lor of the fj] tk assempyy

1 are the €O € Tilter pape, , '
m;r;?ed by treating 5, 10, 20, 39 5p0 anclith7()a Mandard “color chart”. The color chart is
cp¢ s

Pr
]]ﬂ”

.hﬁf’L a

HE/L standard arsenic solutions in the same
Y the sample does not match any color in the
Mated by interpolation between colors in the

e described above, If the col(,)

X I'Produceg
rsenic concentration of the ¢ b

ample is egf;

JGNMENT QUESTIONS

qn which chemical form arsenic ig like]

i determination of arsenic (follOWing the methods described here), why the water samples
sre acidified and often pre-concentrated b

What is the basic difference between the two arsenic determination methods - SDDC method
and Mercuric Bromide Stain method, described aboye?

nad. S. A., Sayed M.H.S.U. Hadi S.A et al. (1998), “Health Effects due to Arsenic Toxicity
Jangladesh”. Proceedings of the 3™ Forum on Arsenic Contarqinat{on of Ground Water in
3 Effects, Causes and Measures,23-25 November, Miyazaki University, Japan, p. 59-62.

- LM.A. (1998), “Development of simple methodology for dete{*n}ipation of arsenic
sentration in water”. Technical Report, Environmental Engineering Division. Department of

I Engineering, BUET, Dhaka.

1 icity”. WHO Consultation on Arsenic in
n. W. A, (1997), “Health effects of arsenic toxicity”. : .
| lking water(and r)esulting toxicity India and Bangladesh. WHO, New Delhi, 29% April — I

4‘ "’a 1997.
’l 0 (1996), “Guidelines for drinking water quality”. 2" ed. Volume 2, p. 158-162.
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;mination of pathogenic micm“"ganiqmq

(¢ S
Water and wqq

:étx‘ of different microorganisms are found in

a health hazard to humans, Certain organis
1 which include species of bacterig +:

e 1: Waterborne Diseases

Experimcnt No. 15

(Total Colifor
tewater

Untreated water. Mos
ms, referred (o ag pat
: uses and

satic systems and usually require an ap; i o

m and Fecal Coliform) in

t of these organisms do
hogens, cause disease to
organisms are not native

rerborne Causat.ive jm Symptom
Jiseases Organism organism in
water
roenteritis Salmonella Animal or Acute diarrhea and vomiting
(bacteria) human feces \
yphoid Salmonella typhosa | Human feces Inflamed intestine, enlarged spleen, \
(bacteria) high temperature — fatal
vsentery Shigeila (bacteria) | Human feces Diarrhea- rarely fatal \
"holera Vibrio Comma Human feces Vomiting, severe diarrhea, rapid \
(bacteria) dehydration, mineral loss - high
mortality
fectious Virus Human feces Yellowed skin, enlarged liver,
epatitis ' abdominal pain - low mortality, lasts \
aundice) up to four months
moebic Entamoeba Human feces Mild diarrhea, chronic dysentery
ysentery histolytica
(protozoa) -
iardiasis Giardia lamblia Suspect wild | Diarrhea, cramps nausea and general
(protozoa) animal feces weakness - lasts 1week to 30 weeks,
not fatal

ARACTERSTICS OF PRIMARY WATERBORNE PATHOGENS

'Major characteristics of bacteria, Viruses and protozoa are briefly described below:

{eria;
. : ' an
Y are unicellular prokaryotic organisms

d arc the lowest form of life capable of
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qrtificial me l.a, rather require |iv.'n €Y require a host in which to live. T hey do not grow on
microscope IS required see vipyge '8 cells within which they are reproduced. Electron

S- Multiplicat:
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Soa: blication takeg place by replication.

They are unicellular eukaryotjc organi

P : anisy
pacteria and Viruses. Some  ¢ap : n
Reproductlon is by asexual and sexy

sa ’ ; : ..
nd are more complex in their functional activity than

(S ro Se e . 3
| ETOWN on artificial media and some are parasites.
al processes,

INDICATOR ORGANISMS

One might assume that a water sam

le is ) ) _
not true, however for the following Seaso:galyzed to search for pathogenic organisms. This is

o Pathogens are likely to gain e
long period of time; conse
laboratory.

o If they are present in very smal| numbe
laboratory procedures.

e Although it is possible to detect the
isolation and identification of many
seldom quantitative.

o Analysis of water for all known pathogens would be a very time-consuming and
expensive proposition. '

ntrance sporadically, and they do not survive for very
quently they could be missed in a sample submitted to the

rs, pathogens are likely to escape detection by

presence of various pathogens in water, the
of these is oftefi extremely complicated and

Tests for specific pathogens are usually made only when there is a reason to suspect that those
particular organisms are present. At other times, the microbiological quality of water is checked
using indicator organisms. An indicator organism is one whose presence presumes that
contamination has occurred and suggests the nature and extent of the contaminations.

CHOICE OF INDICATOR ORGANISMS

It is known that most pathogens that are likely to be transmitted via the water route are shed in
human and/or animal feces. Hence, and indicator organism should be a microorganism whose
presence is the evidence of fecal contamination of warm blooded animals. \ndigators_ may be
accompanied by pathogens, but typically do not cause disease themselves. The ideal indicator

organism should have the following characteristics:

be applicable to all waters

always be present when pathogens are present
always be absent where pathogens are absent
numbers should correlate the degree of pollution
be present in greater number than pathogens



there should
there should EZ no after-growth OF re-growth i
be easily and griater Or equal suryiyq) ﬁme'?hwater
hould have quickly detecteq by simple |a] an pathogens
st cons i . bora
: nstant blochemlcal and ident; .tory tests
harmless to humans entifying characteristics

s

n ,‘ndic_ation that palh.ogc_nic Oorganisms may also h ,
anisms 18 taken as an nuhcqlion that the Wwater |s0 frc thcsem, and the absence of coliform

ined as gram inclgadtlve .bac,tena Which ferment Iactosecact 3r500r(n: pathoogcns,."rom cohforms are
4. gas and aldehyde within 24 or 48 poyr, They are cytochr(?;qi?ofi’d:sl;hn:‘gea?irvzdZ:xtc;o:o(r)\f

st i
)0 to 400 billion colifor T
at 1 ns$ each day. Thys the presence of coliform organisms is taken

re forming.

cal coliforms (3herlmo-t(ci)l;:ram coliform) are a subgroup of total coliforms, which live in the
rm blooded animals and have the same properties as the total coliforms but tolerate and grow

1igh temperature.

“TERMINATION METHODS FOR INDICATOR ORGANISMS

\ Multiple Tube (MT) Method:
'e multiple tube method is applicable to all kinds of water samples. It can cope with clean,

lored, or turbid waters containing sewage or sewage sludge, or mud and soil panicles,
ovided that the bacteria are homogenously distributed in the prepared test samples.
woretically, the technique is sufficiently sensitive to measure low levels of bacteria in water
- mples, although bigger containers to take larger volumes of sample are needed to be used as
Jture vessels. However for normal water analysis, 10 ml is usually the largest volume used.

iis method is often preferred by microbiologists.

) Membrane Filter (MF) Method:
‘contrast to the multiple-tube (MT) method, the membrane filter (MF) method gives a direct

. unt of total coliforms and fecal coliforms present in a given sample of water. The method is
. 1sed on the filtration of a known volume of water through a membrane filter consisting of a
llulose compound with a uniform pore diameter of 0.45 pm; the bacteria are retained on the
irface of the membrane filter. When the membrane containing the bacteria is incubated in a
erile container at an appropriate temperature with a selective differential culture ms:dium,
aracteristic colonies of coliforms and fecal coliform develop, which can be counted directly.

his technique is popular with environmental engineers.

his method is not suitable for turbid waters, but otherwise it has several advantages. lts

articular advantages and limitations are as follows:

coliform can be assessed in less

Duantages: er of
* Results are obtained more quickly as the number e requires 48 hours both for a

than 24 hours, whereas the multiple tube techniqu

negative or a presumptive positive test.
* Saving in work, certain supplies and glassware.
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. dia:
Jture Me :
: available deh o
| )m?i;c}:g;mmended for yl(;‘i)a;(::t()?edla simplify the preparation Of‘cu\ture broth d
srefo o can hen be easilv w _)’ work. Various manufactures produce chseS, ar:i' e
y weighted out, dissolved in distilled water, and disper::ec;a'matz

\\NderSs W X e ;
. lture tubes prior to sterilization.

everal different culture media are available for th : -

Jovers proth (LTB), (ii) MacConkey broth € presumptive test, for example: (i) lauryl

vp . ‘ . y broth, and (iii) lactose broth. These three media are
»mmon 1N use in many countries. The selectively of MacConkey broth and LTB depends
:spectwely on the presenc§ of bile salts and the surface-active agents, lauryl sulfate; \gctose
~oth is a non-selective medium. ’ ’

lisa copﬂrmatory medium for total coliforms (TC), brilliant green lactose bile broth (BGB) 1s
.ot widely used. To confirm the presence of fecal coliform (FC), either BGB broth or

| “scherichia coli (EC) broth is used.

follows:

| ‘reparation of Media:
| Jedia should be prepared in accordance with the manufacturer’s instructions, as
m in distilled water to obtain the

e Dissolve the stated amount of the dehydrated mediu
jum (for confirmatory analysis,

double-strength or single-strength presumptive med

only singe-strength medium is used).
o Dispense the requisite volume into culture tubes conta

and cap the culture tubes.

o Sterilize in an autoclave or pressure cooker at 114°C for 10 mir}utes (or in accordance
with the manufacture’s specifications). 1t is particularly important that media
containing disaccharides, .8 Jactose, are not autoclaved at higher temperatures- -

e The sterilized medium should be stored at room temperature to maintain sterility-

Since several dyes are light-sensitive, the solution should be protected from exposUT®

to light.

ining an inverted Durham tube

MT) Test of water and wastewater

Test Procedure:
. : be
d in Multiple Tube ¢ emperatures. The procedure 0 be

Figure 1 shows the procedure involve
samples, together with the appropriate incubation times and t
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«ing relatively unpolluted water, such a tre
25 :

ated wat
er from Wwaterworks, is described

W e the paper wrapping from the sample boyle
5 :

M e stopper in position, shake the bottle vj

| . Borously to achj
3) ‘\pel-ation of bacteria. 1f the bottle is completely full of Wi move the opn
(L

A . R ater, re

‘ dhqrd about 20-30 ml of water, then replace the stopper and Sh‘k;?}:’;’:@:\i«: S‘OD}\‘Der and
UB ‘ sures thorough
:ni\-m%- ¢

_ .rile 10 ml pipette, modulate 10 ml of the sample int :
with a ster! i . ; 0 each of five tup i

0 \: lml of presumptive l?roth (double strength). It is advisable to shake the tu;’i:ontdmmg
;( ribute the sample uniformly throughout the medium. gently to
is

N n-ubﬂed the tubes at 35°C or 37°C for 24 hours.
(D) 10

-3 At the end of the 24-hour incubation period, observe each tube for the presence of gas. Gas

(E) i present, can be seen in the Durh.am tube; if none is visible, ge3ntly shake the tube. If an;l
cffervescence (foam, streams of tiny bubbles) is observed, the tube should be considered
poSiTi\’e-

(F) Enter the number of positive tubes after 24 hours in table.

G) Re-incubate negative tubes for a further 24-hour period. At the end of this period, check the
tubes again for gas production as in (E) above. Gas production at the end of either 24 or 48
y  hours incubation is pressured to be due to the presence of coliform in the sample.

(H) Enter the number of positive tubes after 48 hours in the table.

' (I) The confirmatory test should be carried out at the end of both the 24-hour and the 48-hour
incubation. Using a loop, transfer one or two drops from each presumptive positive tube to a

corresponding sterile confirmative 10-ml tube containing, e.g. BGB broth. Before each
transfer, sterilize the inoculation loop by flaming and allow it to cool.

I (J) If the presence of fecal coliforms is also to be investigated, subcultures in two tubes

containing confirmative broth (e.g. BGB broth) should be prepared from each presumptive
positive tube. EC medium is preferred in some areas for confirmation of fecal coliforms.

K) To confirm the presence of coliforms, incubate one subculture tube from each presumptive
positive tube for 48 hours at 35°C or 37°C.

L) Check the tubes at the end of the 48 hour incubation period; the presence of gas coliforms
that coliforms are present in the sample. Enter the results in the table.

M)  To confirm the presence of fecal coliforms, incubate a second subculture tube from each
presumptive positive tube for 24 hours at 44+0.5°C.

N) If, at the end of 24 hour incubation, gas is present in the tubes, the presence of fecal
coliforms is confirmed.
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Determination of MPN -
. For tr:a;;eg SVtV?;ZL,lt\’Vhbere five 10 m1 portions are portions are inoculated, the MPN can be found
’ frog;ts are interpretsed yltmeans of Table 2. An example is given in Fig 2. To show how the test
o :;:Z total coliform groinp. ‘;:"’r'(‘)nf:e;:s;;t:‘at‘tllree conﬁrmf:d positive tubes have been obtained for
9.2 total coliforms per 100 1| sl /,\l 1e corresponding value of the MPN can be seen to be
confirmed positive tube. Con Ple. As regards the test for fecal coliforms, there was only one
s¢quently, the value of the MPN for this group is 2.2 per 100 ml.

Table 2: MPN of vario -
Us combinations of +ve and —ve results when five 10-ml portions are
used

ber of the tubes givin

um 111 .
N Ositive reaction out of five 10-m] tubes MPN

0 0

' 22
p)
) - 5.1
1 9.2
16.0
S Intermediate

B) Membrane Filter Method:

Volume of water Sample for Filtration:

Smce.the ﬁltratlor} area is relativ;ly small, it can only support the growth of a limited number of
colome.& The optimum number is between 20 and 80 colonies with a maximum of 200. If this
ﬁgl-ll'? is exceeded, very small colonies or super imposed colonies may develop, or growth
inhibition due to overpopulations may result. The choice of the volume of sample to be filtered

will depend on the type of water. As a general rule, the following filtration volumes (Table 3)
should be employed.

Table 3: Volume of water to be filtered for various types of water
Type of Water Volume of sample to be filtered (ml) |
Good quality treated water 50-100
Untreated Drinking Water 10-50
Surface Water 1-10 l

If the origin of the sample is unknown and its probable bacterial content is uncertain, water
volumes differing by a factor of ten should be filtered in order to find the appropriate range for
the analysis. If the volume to be filtered is less than 10 ml, at least 20 ml of sterile dilution water

should be placed in the funnel prior to the filtration.



