SNater Quality?: Definition,
Characteristics and Perspective

INTRODUCTION

] The availability of a waler supply adéqualeiy in terms of both quantity and qualily is essential to human
exislence. Early people recognized the impartance of waler froma quantity viewpoint. Recognition of the impodance
of vrater quality developed more slowly. Early human could judge water quality on!y through the physical sense
of sight, lasle and smell.

Advance, inthe Germ theory ol disease was made by Pasteur and others in the lale nineleemh century,
and by 1990 the concep! of water boine diseasa was all accepted. The devalopmenl of tha science of water
chermistry roughly paraligled water microbiclogy. Many of the chemicals used in industrial processes and agriculture
have been identified in waler. itIs fikely that naw analytical techniques will be developed that will ideﬁlily compaunds
not yet known lo exist in waler, and it is conceivable that these materials will also be linked 10 human wealth.
Thus, the science of water quality will remain a challenge for engineers and s¢ientisls lor years lo come.

The purpose of this chapter is lo introduce the reader o tha modern concept of vrater quality. The means
by which the nalure and extent of

i

contaminants inwaler are measured and Teblo:
ablo: 3.1

expressed are piesented along with the ;
sources of various contaminanis that | Lecatien Volume, 10" m’| % of totat
find their way into waler. Land areas

Freshwaler lakes L o AP 0.009
3.1 The Hydgg[ogi( Cyc[e Salina lakes and inland seas 4 1 104 0.008
and Water Quality "} Rivers laveraga instanianeous volurief| 125 0.0001

Soil mofsturo 67 0.005

Vlater is one of tha mosl Groundwaler {abava dopth of 4000 m) 8350 0.61

abyndanl compounds found in nature, lca caps and glaciers 29200 2.14
coveting approximately three-fourths of
the earth. Inspile of this apparent Tolalfand area (roundad) 3780 28
abundance, severalfaclors servetolimit | Almosphera (waler vapour) 13 0,001
the amount of water avallable for human | Ocans 132000 97.3
use. Tolal ali locations {rounded} 1380000 100

« As shown in lable, over 97% of tha tatal waler supply is contained In the oceans and other saline

bodies of waler and is not readily usable for most puiposes.

= Oflheremaining 3%, a lillle over 2% is tied up in ice caps and glaciers and, along wilh almaspheric

and soil moisture, is inaccessible.

« Thusfor general livelinood and the suppon of their varied technical and agricullural aclivities, humans

musl depend upon the remaining 0.62% found on resh waler lakes, rivars and ground water cupplies.

Almarsphora

Condensation

Fig.3.1 HydrologicCycle

« Waler is in a conslanl siate of motion depicled in the hydrolegic cycle shown in figure.

« Almospheric water condenses and falls to the earthas rain, snow or some olher femm of precipitation.

»  Onihe eartn’s surface, water tiow into streams like lakes and evenlually the oceans ar percolales
through the soil and into aquiters than evanlually the oceans, discharge into surface walers. ‘Waterin
nature is most nearly pure in its evaporation state,

« The impurities accumulated by water throughout the hydrelogic cycle and as a resull of human
aclivilies may be in both suspended and dissolved lorm.

« Dissolvad material consists af moleculas of ions thal are held by the molecufar struclure of water.

» Colloids are very small parlicles Ihal technically are suspended.

+ Size range of dissolved, colloidal and suspended subslances are shown in figure,

Oissolved I Caolioisal Susponded or nonfiteratila
Swza of partkcio, pm
10" w0 10 107 w0 1 10 100
1 | | | | | { |
=1 1 1 [ ] i 1
10 w0’ 10 ' 10" 10” 10’ 10"

l Seze of parlcie, mm [

Fig.3.2 - Sizeclssification of solidsinwater.



3.2 Water Impurity

Water impurities are classilied as follows:

1. Physicalimpurilies, 2. Chemicalimpurities, 3, Biologicalimpurilias

Classlification of Water Quality Paramaeters

l ! |

Physical Chemical Blological
Paramater Parameler Parameter
Suspended solids — Dissolved solid r— Pathogenic, Bacteria,
» Micro-organism
= Twbimity —w pH 1
- Colour . Alkalinity Bacteria
-~ Taste and Odour — Hamdness ) Virus
Temperature = Fluorides
L. Chisrides Prolozoa
— Nitralos Helminthis
- BOD. COD (Organic}
- Melals

—=- Non-pzthcgenlc/Coliform

3.2.1 Physlcal Water Quality Parameter
Physical characterislics include several parameters which are obv:ous to a nonspedialist and other,
vhich are not so obvious, al least by inspection.
Imporiant physical characleristics include;
1. Suspended solids 2. Turbidity
4. Tasle and Odour 5. Temperalure

3. Colour
6. Conductivity

1. Suspended Solids
Total solids may be present in the form of
{i} Suspended solids - 10-! to 10-° mm size
(i) Collaidal sohids - 10910 106 mm size
(iii) Dissolved salids ~ < 10 mm size

NOTE: Suspended and colloidal solids are combinedly called dispersed solids.

*  Solids suspended in waler may consist of inorgantic of organic particles,

¢ Inorganic solids such as clay and immisclble liquid Id-:e oil and greases and other soil conslituents
are common in surface waler.

*  Organic material such as plant fibres and biological sulids {algal cells, bacteria cic.) are also common
conshiluents of surface waters.

Remember: Suspended malerial is seldom a conslituent of ground waler becausa of the lihering capacity of
the sail,

o yau knom !norganic sorlds are non-bmdegradabfe solids,
Gz .

Ob]eclron These are ob]echonabfe and undesirable because:

{) Thesemake watar aesthetically displeasing.

(i}) Thay ara biclogically aclive and may form disease causing organisms aswell as organisms such as
loxin producing strains of algae.

{rii) It provides adsorptions site for chemical and biological agenis. 3

* Measuramenl: Measuremenl is done by gravimelric test involving mass of residual measurement ie.
suspended solid (SS) are @ajculated by weighing them,

= Tolal solrds i.e. all sallds {suspanded or dissolved) are calculated by evaporating the sample and
measunné\!“ idue. Healing lemperatureis 104°C.

= Tolal solids can be determined by evaparating and il dried mass is heated al 600°C then organic
miatter will be oxidized and only inorganic matter will be fell.

\A, -

" NOTE: Organlc malter —E-) CO; T H,O T + Other gases + Vapour.

* Mass of suspended solid Is ablained by filiraticn and heating ihe residue on filter at 104°C.
Dissolved sofid {D8) = Tolal solld {7S) - Suspended solids {SS)

+ . -Filtration inreal lemms doss not exactly divides tha solids into Suspended and dissolved fractions
becausa some colioids may pass through the filter and can gel measured along with dissolved
*fractuun Hence. classification Is dorie as fillerable and non-fillerable solids. Hence, Suspended
“solidsarg corresmndmg tononHfitierabile solids and di soivedsoﬁdsareconapmdingmﬁierable
" sofids. -

The permissible limil: EPA has sel a maximum suspended solid s{andatd of 30 mgf! for treated waste
waler discharge.

A filterable residus analysis is run on a samplo of water as follows. Prlor to
liitering, the crucible and filter pad are kept ovarnight in the drylng oven, cooled, and the dry mass {tare
mass) of the palr delermined to be 54.352 g. Two hundred and fiity mililiters of the sampls is drawn
through a filter pad conlained in the porous-bottom crucible. The crucibls and filter pad are then
placed in & drying oven at 104°C and driod until a constant mass of 54.389 g is reached. Determine the
suspended sallds concentration of the sampls.

Solution: :
1. Delermination the ‘mas_s of solids removed
Dry mass + solids = 54.389g
- Dry mass = 54.352¢g
Mass of solids = 0.037 g =37 mg
2, Delermination lhe concentration of the solids

mg solids x 1000 nv/i . L 37x1000 )
v of m = cong inmgfi ; T =148 mgit




2. Turbldity f
‘ Large amount of fine suspended maners rrake the waler i appear clo udy or lurbid in appearance,
Turbidily depends uponthe fi nenes%and voncentration of particles present in water,
Source; Turbidity is the measure of @xten 1o which light i« silher absorbed or scatlered by suspended
material in water. Il is not a direct quantilativg measure of suspended solids.
* ltdepends on shape, size and ralractive indices of the suspended particles as wall.
¢ Moslly lrbidity is dua lo colloidal matarials like clay, sill, rock fragment, melal oxides, vegelation
fibres and microorganisms. ¥
rganis %ﬁé&:;t:?mgggtnm of furbid walef is difficult because the suspended solids partially shield the

in natural body, turbidily interferes w‘th light penetration and hence the pholosynthetic reaction (which
gives oxygen (o the waler).

Measuroment of Turbidity: Itis messured photochromatically by determining the % o! the ligh!
tof a
given intensity i.e, either absorbed or scatteréd. shes ¢

Measuring Dsvice: Based on absorplion principle:

i

1. Turbidity rod 2¢ Jackson's lurbidily meler

Based on scatiering principla: .
1. Baylis turbidomester 2. Modern Nephalometer

1. Turbidity Rod !

*  Turbidily rod with platinum n@edte is insedted inside the water and lhe dg
pih at which platinum
needie just becomes invxsmle gives turbidily in ppm.

* Asdepthofinserion increases, reading will decrease.

* Turbidity of one miliigram of fine!y divided silica produced in one lilre of distilled water Is laken
as one unil.

s itis afisld method. ;
Permissible Limit: The permissible it is 5-10 ppm.

Remember: GOl manual gives turbidity in NTU ie, Gmduatod

nephalometric turbidity unit, Acceptabls fimitis t NTU and Glass Tubo
cause for rajection is 10NTU.
2. Jackson's Turbldity meter
* The tuibidily is expressed in standard unit called ﬂ..
JTU (Jackson's turbidily unit) whict: is based on P Coatainar
absorplion principle. Top Frome
* Theieve! of waler is increased lill the image of r
flame cease 1o be sean.

= The lurbidily is measured from gradualed glass
tube anditis used when urbidily is grealer than
25 ppm. ] ndle

= [tis alaboratory method,

= This method is not used for drinking waler.

» One JTUis equivalent lo turbidily produced by *
1 mg o fine silica (8i0,} dissolved in one lirre of
distilled waler.

Fig.3.3 lacksonTurbidimeler

Baylls Turbldometer and Nephelometer:

« Theselurbidometer are based on colour matching lechniques.

a Inthis method, even a small lrbidity of one unit or less can be measured, so Ihese are Most widely
used lor domeslic walar supplies.

«  |n Baylis turbidily meter, light intensity is measured in the direction of incident light only whereas in
nephetomater light intensity is measured at right angles to the incident ray.

= Hence, nepheleomeler is based on scanermg principle.

¢ Here formazine, a chemical is used as base in place of Si0,, he turbidily unil is also sometimes
called FTU. '

3. Colour

Pure waler is colourless, bul water in nature is often coloured by foreign substances.

s Water whose calour is partly due lo suspended malter is said to have apparent calour.

«  Colour contributed by dissolved solid, that remaln alter removal of suspended malter is known as
lrue colour.

Source: Colour is caused by suspended and dissolved matier in waler.

«  After suspended matler causing colour is removed by centrifugation, the colour oblained is called
true colour.

« Humic acid gives yellowish brown colour, iron oxide gives reddish colour, manganese oxide gives
brovm or brackish colour.

«  Water conlaining oxidised iron and manganesa impart characleristic reddish or black colour. Heavy
growah of algae may also impart colour to the water.

Oblection: Coloured water is not aesthelically acceplable to the general public,

« Highly coloured water is unsuitable for laundaring, dyeing, papermaking, beverage manutacluring,
dairy production and other food processing and texlile and plastic produclion.

« Thus, Ine colour of waler affects its marketabllity tor both domeslic and industrial use.

»  Phenolic compound with chlorine produces taste and odour. Organic compaunds causing colour
may exerl chlorine demand and hence reduces the ellecliveness of disinfection by chlorine.

NOTE: Some colour causing organic compounds with chiorine becomes carcinogenic which causes cancer.

Measuramant; Measurlc ment of colour is done by a colour matching technique, alsa called as Tintomeler
method. - i
« Tiue calour is measured on Burgess scale by Nesslar's lubes.
«  Resultis expressedin TCU or Hazn unit {True colour unitywhere 1 TCU s equal o colour produced by
1 mg per lire of platinumin the form of chloroptatinale.
«  For colour other (han yellowish brown i.e. from industrial effluent, spectrophotometric technique is
used,

Remember: The colour testing must be done within 72 hours of collection of sample olhenwise bialogical
activily may aller Ihe colour.

Permissible Limit: The permissible limit for drinking water is 5 ppm and in no case greater than 25 ppm



4, Taste and Odour

Many substancas wilth which waler comes info contact in nalure or during human use may impart perceplible

lasle and odour.

* These inciude minerals. melals, salls from Ihe soil, end products Irom biclogical reactions and
conslituenis of waste waler.

* Tasle and odour are caused by dissolved gases like H,S, mercaplan, melhans, organic manter derived
from centain dead of living microorganism, decompased organic matter, industrial liquid, waler containing
phenols, cresols, ammonia, agricullural chemicals, high residual chlorine and chioro-phencs.

Source:

¢ Sulphur produced rotten egg like 1aste and odour. !

+ Algae secreles olly substances that may resull in bad taste and colour.

*  Alkaline material imparls a bitler taste to water, while melallic salls may give a sally or biller taste.

Oblection: The laste and odour causing compounds may be carcmogenlc i = causing cancer.

* Measurement of Taste and Odour: Taste and odour measuremenr whichis produced by organics, can
be done using gas or liquid chromatography. however, this.method is coslly and nol done I routine.
¢ Aninslrument known as sohoscops; is generally Used for measirement of odour.
* llrepresents the dilution rafio al which odaur is héf&ly delectable.
= Inlensily of taste and odour s measured by 'Threshold odour number (T ONY.
* TON allowed is between 110 3. : -
*  TONteslingis done in cold water because increase in lemperaium 'may change the {aste and odour.
+  Odour and asle are expressed by lhreshold odour number as il represents dilition ratio at which

odour can nol be delected. o
TON.= A+B Volume of di!uled sample
TA  Volumeof undiluted sample
whero, A = Volume of water sample undiluted

B = Volume of distilled waler required 10 be added to remove Lhe odour
Permissible Limii: The permissibie limi, for drinking watar is 1 TON.

* Remember: In any case, TON cannot bie more lhan three {cause for rejection).

Odour can be removed by mechanical aeration, oxidation by chemical like chiorine ar ils
compounds or ozone or permaganate and adsorplion of odaur by agems such as achvaled i
carbon. .

NOTE

3. Temperature

‘

Temperature allecis chemical and biological activilies. Il temperature increases by 10°, biclogical activities
are doubled.

Hencee, for water supply, the temperalure should be between 10° - 25°C and greater than 25°C is cbjeclional.

By Increasing lemperatiirs, solubility of dissolved gases. decreases. "AL20°C DO (dissoived
oxyge n)in wa!er is nearly 82mgll. DO fa lls below 4 mgii then water s specnes may d;e such
as ﬁshes‘ crabs and lobszers

"’ NOTE

i K

Thermal Shack: If hol water eflluent Irom pawer plants and aulo mcbixevindusw isdischargedin natural
streams (hen dus lo nse.-o{ lemperalure, DO level may fall below 4 ppm which may lead lo death of waler
species. Such type of siluation is caled thermal shock.

6. SpectﬂcCondd‘fv’w of Water

The tolal amount of dissalved sail, present in waler can be easily estimated by measuring the specilic
conduclivily of water. The specilic conductivity of water s delermined by means of a portabls dionic waler tester
and is expressed in micro-mhos per om al 25°C.

e Mhois the unil of conduc_li\fily and equals 1 amperef1 voll.

* Thespecific conduciivizyol waler in micromhes per cmiat 25°C ismultiplied by a coefficient {generaily

0.65} 50 as to directly obtain the dissclved salt content In milligrams per litre or ppm.

* Theexact value of this coshicient depands upon the type of salls present in water.

3.2.2 ChemicalWater Quality Parameters

There are following chernicel properties:

1. Total dissolved solids (TDS) 2. Alkalinily 3. pH
4. Hardness . 5. Chloridecontent - 8. Nitrogen content
7. Phosphorous 8. Fluorides 9. Metals

1. Total Dissolved Solids {TDS}

The lotal amount of solids {suspended as well as dissolved solids) present in water can be determined
by avaporaling a sample of water and weighing tha dry residue lefl.

* The material remaining in the water alier filiralion is considered 1o be dissolved.

* Adirect measuremani of TDS can be mada by evaporasing to dryness a sample of water which has
been lillered. The residuc is weighed and represent the TDS in the water.

* Generally, the analysis of TOS is often made by determining the electrical conducivily of water.
{Electrical conduclivily in pMhofcm at 25°C) x 0.65 = Dissolved sofid content in mg#l.

* Electrical condu&ivity is measured by di-ionic vater tester. lons usually account for vast majority of
D8 : .

= The ability of water to conduc! elecliricity is known as specilic conduclance which is known as ionic
sirength of waler which can be measured by stone bridge method.

Source: There are two lype of sources:
Major source of TDS : Na*, Ca®*, Mg®*, HCC3. SO, Cr° -

2. Minor source ol TDS : Fe, K, CO5, NO3, Fluoride, Baron, Sifica



*  Major list characterizes the dissalved sofid content ¢! water and lhey arg called common ions,
Permigsible Limit: According :oGOlmanuai acceptable imilol TDS (mg}!j is 500 and cause for rejection

Tbeabitﬂyu[awaier toconduet e'setriclty, known asthe spec»? ¢ conductance. Unlortunately,
specific conductance and doncantration of TDS are not related on & one-to-one basls, Only
fonized subslandes of watar conlribute to specilic conduciarice. Orgemcs mo!eculas and
compound that dissolved wilhou! ionizing are not measured .

I3

m Electrical conducilwty {EC) of waier and. tot

Interrelated. The value of EC wilt !
{8} decreasa with increase In TDS : |

{b} Increase with increase in TDS: ‘
]

dissolved sollds {TDS) are

(c) dscrease Initially and then Incresss with increass inTDS
{d} increase inftlally end then decreass with Increass In TDS

Ans. (b) ;
2. Alkalinity .

Itis delined as the quartity of ians in water that will react jo hydrogen ion.
* [t means, atkalinily is the ability of waler to neutralizo acids.

Source: Major compounds causing alkalinity are;

coZ Heo; OH

dcmen leam dowse

Carbonate alkalinity

Bicarbonate alkalinity Caustic atkalinity

Minor compounds are: HSi O3, H,805, HPOZ", HPO; andHs”

For purposa of combutalr‘on alkalinity caused by minor compound is neglecled. The alkalinity in waler
comes due (o minerals or due to aimospheric CO, mixed in water or due 1o microbial de composilion of organic
maller. The reactkion as foffowrs:

€O, + H,0 T==H,CO, (Dissolved CO, carboric acid) 0

H,CO, ===H +HCO; {Bicarbonale) PTG
W

HCO; T="H +CO3 (Carbonate) i)
O3+ H,0 T==HCO3 + OH" (Hydroxides) W

The asl reaction (iv} is a weak reaction but ulilization of HCO; by algae in water drives Ihe reaction to

the right and hence sufficient accumulation of OH ocaurs ie. il algae is present in water, the water becomes
alkaling (pH = 9 lo 10). The abave reactions are dus lo microbial decomposition of organic malter. In addition to
this alkalinity may be of mineral origin.

¢ [IpHisfound tess ihan 3 then usually OH- may nol present.

* The cation (Ca?*) may combine 100 n|
alkalinity of water and may lorm a0 \\
solid precipitate ol CaCO, which \
may get daposited on pipe surface 80 ool
and may cause incruslalion in pipe. 70 N3
= In large quantities, alkalinity \
imparts a bilter taste to water. 60 A
o \
Remember If water is acidic Ihen corrosive ‘ '\ \ ]
action may result. ' 40y
N\ )/ [\ | /
Measurement of Alkallnity %0 \
*  Alkalinity measurements are done 20 /
by litraling lha water with an acid . // \
and determining. the hydrogen 10 €0y on-7
equivalent of alkalinity and it is o __;/ .XJ ~

expressed in tarms of mg/ as
CaCo,.

* 110.02N H,S0, is used in lilration
then 1 m/of acid will neutralize 1 mg
of alkalinity as CaC0;,-0.02NH,S0,
means 0.029 equivalent H,SO Jfilre.

65 7 5 8 85 9 95 10 105

pH
Fig. 3.4 Alkalinity species vs pH. Values are calculated for

waterat 25°C contalning atotal afkalinity of 100 mg/L as CaCo,.

hh]

Two samples af water A and B have PH values of 4.4 and 6.4 respectively.
How many limas is sampla A mere acldic than sample B is

(a} 0 {bh) 50
(c) 100 (d} 200
Ans. (¢)
pH = Ion IH.]
g, ofH*) = piH,
= [H], = 10¢
[Hly = 106¢

GO

Sample Ais 100 times mare acidic than sample B.

carbonate to lorm ¢alcium carbonata?
Solution:

1. Carbonale (CQ?,‘} is a radical composed of carbon and oxygen. In (s particular combination,
carbon has an alomic mass of 12 and avalence of +4, while oxygen has an alemic mass of 16 and

How many grams ol calc[um wnu be requlred to combme w;th 90 g 01 !




a valence of -2, Therefore, the radical has a tolal valence ol -2 and an equivalence of 2. One
equivalent of carbonale is

lgLi(@ = 30 glequiv
2. Thecalciumion has an atomic mass of 40 and a valence of +2; therelore, one equivalent of calcium is
= 20 glequiv
3. Thenumber oloquwalenls of calcium musl equal the number of equivalents of carbonale, Iherelore
553??%&\7 = 3 equiv ol carbonate , ;

Tnerelora, 3 equiv x 20 gfequiv = 60 g of calcium, and that amount will be required to reacl with
90 g of carbonale.
Equivalents are very |mporlant inwaler chemistry, In sd dilion o bemg ussa‘ul in calculating chemical
quanties for desued reacuons in water and wasle waier !reatment eqdlva!enls also provide a
the concen!rallon of subslance Acan ba expresssd asan hiqﬂnlratani concenlration olsubslrale B
by ihe Ioflowing method .
(g)A .
>t SMASENY) iv)B = (giL)A -

(equiA < (Fe*M)B = (oL N
Historically, constiluents of dissolved solids have been r;ajﬁdr{éd in térms of equivalent calcium
carbonate cancenlrations. The following examp!a illuslrazés mis technlqueA

.

expressedasB [ .

Whai is lhe aquivalent calclum carbonate concentrallon of (a} 117 mg/L of

NeCl and (b) 2 % 10'3 mol of NaCI?

(a)

(b}

Solution:
1. Qne equivalent ol calcium carbonate is
40+12+ 3(18 ) .
;g—(-l = 50 gfequiv = 50000 mg/equiv = 50 mg/mequiv
2. Oneequivatent of sodium chloride is
2_3%35'-5. = 58,5 glequiv = 58.5 mg/mequiv
3. Byequation(2-2) R
117 n‘gll. . A
a5, mgln‘eqmv x 50 mg/mequiv = 100 mg/L of NaCl §s CaCo,
1. One moie of a substance divided by its valence is oneg equivalant
2% 1077 moliL .
“imoliequiy | 2% 10 e

2. Thus, 2= 10-3 equivil » 50,000 mglequiv = 100 mg/L

The solublilty product {or the dissoclation of Mg(OH), is 9 x 10-%2. Datermine
the concentrallon of Mg2~ and OH- st equllibrium, expressed as milligrams per fitres of CaCO,.
Solution: )
j. Wiletheequalionforihereaction  Mg(OH), ===== Mg®* + 20H"
2. The solubility product equation becomes

[Mg> o T =ex 10

if x is the numtzer of moles of Mg?* resulting Irom the dissociation, then OH- is equal fo 2¢.
Therelore, ; " "+
xl[2:]" = 9)( 1012
\ghlled, oo
x= 1 ax 10 moliL = Mg?*
2x=26x10%molfl = OH'
13x107% molfL -
a m X 50000 mg!equw =130 mgﬂ. of Mg as CaCOa B
26x10~* moljl.

1molfequiv smmgfequw =13.0mg/Lao! OH as Caco

;ja_‘r’p'l'gg‘g_giativgquai"s.!ily of aike]lgitg spg_cies are p!-l dependent. _
* Hydrogen ion;s inigﬁ'é‘éqid react with the .
alkialinityaccordinglou‘efollowingequall'ons: -

OH+H ==HO =~ .

CO5+H" = KCO; ()

HCC; + HY == H,L0, ..vi)

If acid is added slowly 10 water and ihe pH is
recorded for each addition. A titration curve similar to that
shown in ligure is obtained.

During tilration measurement of pH Is dong at
every stage and a tilralion curve is plotied,

«  Conversion of CC%' lo HCOg s essentially
complete al pH = 8.3, bul resultant HCO;
also requires acid.iHehce, half of Cog' is thought lo have nevlralized uplopH = 8.3.

Fig.35

*  Neuiralizalion of OH-is complete uplo pH = 8.3. Hence [OH' + -;—C@‘] alkalinily is completely

neulralized uplo pH = 8.3.

* Theacid required 10 lower the pH Irom 8.3 o 4.5 musl measure the other one-hall of the carbonate
plus all of the original bicarbonate.

»  AUpH = 4.5 all the bicarbonate will have been convertad lo carbomc acid H,CO, (neutralized}.
Hence, the amount of acid required 1o fitrale sample of waler 1o pH = 4.5 is equivalent 1o 101al
alkalinity of waler.



= I P=M, ol alkalinity is OH" i.e, caustic alkalinity. andwe know that, pH +pOH = 14
If P = M2, all aikalinity is COFi.e., carbonale alkalisity. = pOH = 14-10 =4
N - =4
W P=0(i.e. initial pH is belaw 8.3), 21 atkalinity is HCOj = ~0g,,|CH]
M ; = [OH] = 107~ moliire
t P <. predominant specie$ are CO§™ and HCO; .
e amole . o 17 . .
M . Tire = 107! % 17 gmlire = 10 X7 9m equivalentflitre
P> P predominant are OHvand GO ,
: > ! = 10 {gm-equivalentiitre) of OH™ = 10" x 50 mgflitre of CaCO,
: — = 5mgfiilre as CaCO,
Water conlains 210 gm of CO3-, 122 gm of HCO;3 , and 68 gm of OH- what upto pH = 8.3 acid consumed = 11 mlof 0.02 N H,50, = 11 mg of CaCO,
Is the total afkalinlty of water expressed as €aCo,", ' 200
Solution: 200 mi of sample will contain = 5 x 1660 mg of OH™ as (’:aCOJ =7 mg of alkalinity as CaCO,
2i0 210 _ 1
210gm COF will have = e @ " 7 gm equivatent 5COF alkalinily in the sampfe = 11~ 1= 10 mg as CaCO,
Here, 7 gm equivalentof COF = 7 gm equivalsntof CaCO, = CCF atkalinity in the sample = 10 x 2 = 20 mg as CaCO,
122 gm ol HCO,~ will have = E%% = 2 gmequivalent of HCO, H =3 [CO;,?] in mgfiitre as CaCO, = 20 x %.c?—oﬂ =100 mgflilre
2gequivalent ot HCO,™ = 2 gmanuivalentol CaCo, So, Total alkalinily (upto pH = 4.5) = 30 mi of 0.02 H,SO,
68 ) = 30 mg ol CaCO, in 200 m/ of sample = 150 mg/! as CaCQ,
88 gm of OH" willhave = ==, = 4 gm equivalenl of CaC0; i © [He03] = 150- (100 + 5) = 45 mgyiie as CaCO,
N‘m ¥ gmequivalontof OH = 4 gmequivatentof CaCO, . i 2
. Totat alkalinity of = = i i s i
inity of water = 7 + 2+ 4 = 13 gm equivatent of CaCQ, | N’OTE. Tabllea.tzymfs 'tharaulls 2; a'nalygs;fs Compenenl mglt |Equlvalent | megit [ mglf
) 100 h of a natural water sample expressed mnmg//, Weight o8 CaCQ,
% Waeightingmol CaCO, = —~x13 =65 ’
ghting = 5 0 gm of CaCO, » meq/f and mg/t as CaCO,. Catclum {Ca™) 720 20.0 3.6 180
K Tolal alkalinity of waler = 650 am expressed ascacoa 3. pH Magnesium (Mg'") 48.8 122 4.6 200
— i I ropresents the presence of H* ion Sodium (N) 52 220 g4 20
-
' A 200 mi of semple of water has initial pH ol 10. 30 il of 0.02 N H,80, is : cencentration pH is given as: Bicarbonale “!F'O ) 305'2 im 22 fjg
required to lirate the sample to pH = 4.5. What is the total alkalinily of wetar In mg/l as CaCO,? + pH = log,{H"). where [H] is in Suphato (SO, ) | 1 80 :
Solution: : moleslire. Chloride (C1) 7.1 355 0.2 10
30mtol 0.0_2{4 H,80, is required to reduce the pH uplo 4.5, ﬂ' . » pHismeasured by polenliomeler inwhich polentia! exerted by H* is measured.
+Totat alkalinity of 200 mi of water sampl¢ = 30 mg as CaCO, b =Y ‘ * llcanalso can be measbred by colour indicator. Colour formed is compared with slandard calour.
. ) oy = Indicalors used are melhyl orange. [is original colour is red and colour produced is yellow. pHrange
S0, Tolal alkalnity of = 3px 1990 _ tan
ity of water in mgh = 30 - 150 mg/L as CaCQ, - ot mellwl orange is 2.8 ~ 4.4,
. . * Melhyl orange is an acidic indicalor.
m In the previous question determine the conceniration of specias op- i . Phenolphlhaiam 'has lelaT)gel of 8.6 - 10.3. Criginal colour is calourtess and linal colour is pink.
- and CO%.ifpH =28 - X ¢ Phenolphthalein is a basic indicalor.
HCO; - an 3 - if pH = B.3Is reachad et 11 mf of acid. ¢ Acidic waler cause corrosion and alkaling water cause incrustation of pipe.
«  Alkaline waler causas difficully in chlorination.
Solution: Giventhar, - g
Initial pH = 10 i Remember: Methyl orange ls an acidic indicalor and phenalphthalein is a basic indicator.




Permissible Limit: For drinking water, parmissible limit of pH is 710 8.5, but il should nat be less than 6.5
and not grealer than 9.2,

A sample of ground water at a pH of 7.0 contalns 122 mg#! of blcarbonsies.
What Is the alkalinity af this water {in tarms of CaCo,)?

{a) 120 mo#

{c} 100 mgit

Ans, {c)

Alkalinity expressed in equivalents = FICO; + OH — H'

{b} 60 mgl
(d) 200 mght

Milliequivalenl mass of [HCO3] = % = 2 meqt!

7 -
Milliequivalent mass of [OH"] = E——l:-;fﬂ meq/

7
10" x1103x1 meat

The milliequivalent of [OH-] and [H*] are negligible. So Alkahmly as CaCO
=2x50=100 mght

Milliequivalent mass of [H']

The concentratlon of OH- lon In & water sample Is measured as 17 mgfl at
25°C. What Is the pH of the waler sample?

(a) 10 (by 11
{c) 12 (@) 13
Ans. (b)
pOH = —log[OH"]
where [OH-}is concentralion of OH-ions in moles per litre
Weightingm  17x 103
Males = Molecular mass ~ 17
Molesof OH- = 10°
POH = -log[107)
= pOH =3~
Bul pH+pOH = 14
= pH=14-3
= pH=1

In & water ireatment plant, the PH values of Incoming and autgoing waters
are 7.2 end 8.4 respectNely Assuming a linear variation of PH wilh time, delermine the average pH
valua of watar ;

Solution:
By dalinition of pH value, we have

1
o = "’QH

Using sulfix 1 for incoming water and 2 for oulgoing waler, we have

1
{pH), = 7.2 = tog,g —
PHl, Go HY
1
{pH), = 8.4=ing,,—
H2
Noww iog, Lo 72
1a Hl. '
o r('!) 4'”09,u Hi=72
or Hi =1072
Simitarly \‘?ff" Hy = 100¢
\ 72 B4 1012 +1
Average valuc ol H* = Hixtg 1077+10 =10 (10) "+ =10"””[15’a+ 1]
2 2 2 2
1
= 10%4 x84 =84 x 1084,
Average value of pH
= {og { ! )— log 10
B U ° 84
252
= 109;9(107 K—a—] '09;010?(84)
’ = log,, 107 x 3 = log,, 30000000 = 7.477
] : -
4, Hardness Classification
Hardness is defined as i
Ihe concentralion of muftivalent o Hardnass (CH) Non-Catbonate H.-udness (NCH)
melallic cations in $olution. or
* Al supersa‘u(aled Temparary Hardress Pﬂmm‘ Ha(dnoss
conditions.  the | i
hardness calionswill  Garbonato and Bicarbonals Cr,80% andNC;
react with anions in (CO%") {HCO3) atCa” and Mg

Ihe waler (o from a
solid precipitate.

*  Multivalent metallic
ions mos| abundany in natural waler are calcium and magresium.

*  Otherions which leads 1o hardness are Fe®*, M, Sironlium (Sr2*) and Aluminium (AR<).

+  Bul Fe?*,Mn*, &2 AP+ are found in such smaller quaniity and hence for all practical purpese
hardness may ba represented by lhe sum of Ca®* and Mgz* ions.

v Hardness can ba divided inwo parisi.e, carbonata hardness and non-carbonale hardness.

= HCQ; and CO’}“ of Ca and Mg cause carhonale hardness. It is also called lemporary hardness
begause lhis hardness can be removed by simple bolling of water or by adding lime o water in
which calcium carbonale (GaCO,) precipifates,

of Ca' and Mg™

(gi othar multivalant catlon aro noglect)  {{f other mullivalenl catien are neglecied)



e

Remember . Magneswmcarbonale(aﬂgcos) is sOluble i mwarar henca it does nal prec:p;tale .

1. Sulphate. chloﬂdeandmrala ol calclum and magneamm gives permanent hardness lhis
- .lypeothardnessis also caﬂed nnn-carbonate hardness,

2 Pemanemhardnesscannot ba remaved bysmpfebmlmg It requires softening lechniques.

Do you know? Magnesium hardnass wi!’h sulphale jon (> 50 mgft) have taxalive effecl which may cause
m§e mﬁon However. calcium carbonate dozs nol give any health relatedyoroblem.
W )
s Hardness is commonly delined 2s lhe calcium carbonale cquivalent of calcium and magnesium ions
present in water and is expressed in mg//.

* The hardness in mgll can'be delermined by Table: 3.3 Comparison of Hardness
delermination of amounls of caleium and magnesium Range (mg/) Hardness level
fons present in water by filtration. 0-50 son

+  Amountol CO% and Mg?* in wa(er Is detemined by | - s0-100 Moderately solt
Htration with versanale solulion (EDTA method). 100-15¢ | Stightly hard

* InEDTAmethod, water isUlrated wilh ethylene diamine 150300 Fiped
letra-acelic acld using Eriochroma Btack T (EBT) es Over 300 Very hard
anindicator.

EBY forms wing red cotour ang titration changas the colour [o blue.

110.01 M EDTA is used, 1 m/ of the tiranl is equivalant to 1 mg ¢f hardness as CaCO0,.
1 [Ca?*} and [Mg®*] Is known in mgfliire, tolal hardness would be equal to

Tolal hardness (mg/ s CaCO,)

. {&z. in it  S2mning weighi of Cacq}+ [Mg.‘, —

Combining vaight of CaC0y
Combining weight of Ca®*

Combining welght of Mg?*
i&?@ l@! :
= equivalent weight of Ca>*
(Mg Jmayit
+ - " e
equivalent weight of Mc”
= Thecombining weight of Ca?», Mg?* and CaCO, are 20, 12 an’d

x equivalent weiglh of CaC0,

x equivalent weighl of CaCOs

P. respeclively.

,
h

~ Tolalhardness = {Ca?" ] mg#t x -Ef-q +(Mgz“} mght x 5—° .
l ‘1 "

Somelimes, the hardness is exptessed in degree of hardness, Each Brilish degree of hardness is
equallo 14.25 mgffand Ametica degree of hardness is equal o 17.12mg/l. Comparison of hardness
level expressad in mg# as CaCOa is givenin Table 3.3

i

and 102 mgff of Ca?* s
{a) 205
{c} 275

{b} 250
{d} 308 ,

. ——

Ans. {c)
.. eqwt ol CaCO
Total hardness =[Mg? ] x _eq_m,ufc_acg_j_ +{Ca | DL
eq vt ol Mg™* eq.wi, of Ca®
—Gx%+100x-— 275 mglL

If the hardness is less 1han 150 mgft, it is nol economical (o soften the water, The prontems
caused by excassive hardness gives rise lo formation of scalo in hoifers and hot waler syslem.
Temporary hatdness 10 some extentis preferable, Bacause waler saller lhan 30 -50 mgfftend
to ba corrosive and is hkely to corrode pipes inlo the water supply.

%2
You

Know §

Alkalinily and Hardness: Bicarbonate and carbonale ions in waler are usually given by calcium,

magnesium and sodium.
*» 1{NaHCO, and Na,CO, are not present .e. sodium aikairmty is absent, then carbonate hardness will

be equal 10 alkalinily.

» |t will be only possible i.e. sodlum alkalinily will be absenl only when SO, and Ci~of calcium and
magnesium arc present i.e. Non-carbonate hardness is present (because sodium alkalinity will be
converled (o calcium and magnesium atkalinity).

« Thisimplias that, it non-carbonate hardness is presenL:

[Carbonate hardness = Alkalinity |
¢ Il Non-carbonale hardness is absent, then
Alkalinity > Carbonale hardness
So, { Total hardness = Carbonate hardness 1

Hence, carbonate hardness is equal o 1otal hardness or alkalinity whichever i5 less.
« Non-carbonale hardness is equal Lo total hardness in excess of alkalinity.
Permissibls Limit: Acceptable limit of total hardness = 300 mg# and cause for rejection = 600 mgll

Zero hardness of water Is achleved by
{b) excess lime trealment
{d) using excess alum dosage

. (a} using lims soda process
* {c) lon exchange method
Ans. {c)
lon exchange process is used for zero hardness water.
A variety of dissolved solids can be removed by ion exchange. For hardness removal zeolile
{a nalurally occurring sodium alumino-silicale material somelime called green sand) and synthelic resins are
used. The removal process is based on high adsorption capacity of calcium and magnesium ions compared o
sodium ions. In (his process exchange siles are utilized lo remove hardness. When allthe exchange sites are
ulilized, hardness begins lo appearin the eflluent. Thisis called break through andit necessilates lhe regeneration
of the medium by conlacling it with a strong sodium-chloride solution. '

Ifthe mslhyl orange a!kalmuy ol water equals or exceeds fotal hardness. all of
tha hardness s
. (@) Non-carbonate hardness
(c) Pseudo hardness

Ans. (b}

{b) Carbonale hardness
{d) Negative non-carbonate hardness




NOTE: If sodium calion present in waler, it Impanis pseudo-hardniass 1 the waler. . 1.

5. Ritrogen Content Tahlg 3.4

.Typa ’ S 1!13!:51!0?1' R i"f.""

The presence of nitrogen in water may be

found to occurin one or more of Ihe folkaving fovms.

* Presenceol nivegen inwalerindicales
presence of organic malter.

1. Free ammonla Indicates recent poliution
2. Organic ammenla | Indlcates quanlly of nliragen balore

o - {Alublminoid) decompaosition has staried
s rg;er{rce ‘°f lree arnmo’:ua. n wFater 3. Nitrlto tndlcato parlly decompesad condiign
Indicales its recenl pollution. Free | ;e Indicate old polltien (fuly oxidised)

ammonia should nol be more than
0,15 mg/ and it can be measured by simply boiling lhewathr and measuring lhe libarated ammonia
by distittation process.

* The presence of organic ammonia indicates decomposition has just starled and (imiling value in
potable water is 0.3 mgff and itis measured by boiling a sarnpla ol a!raady boiled waler plus slrong
alkaline like KMnQ, and measuring the ammonia sa liberated. . >

* Among all torm of nitregen, nitrite is highty dangerous henca rts permlssﬂ: e fimil is zero and it is
measured by colour malching lechnique. Tne coloGr for nilrile is developad bysulphuric acid +
Napthamine

* - Nitrale is not harmlul because it is [ully oxidised. Bul too much ol niirate affects infants, The reason
behind this is it causes blue baby disease or mathemogtobmemua Nltrale concentralion should nol
be more than 45 mg#t,

» Milrate concenlration is measured by colour matching technique. Calour is formed by phenol-di-
sulphonic + Polassium hydroxide. .

«  Free Ammonia + Organic Ammonia = Kjcldah! Ammonia

Do = Ilinlhe cold waler only KMnQ, is added and sample heated then we get oth free ammonua

You ? aswall as organic ammonia. .

Know @ * In children, nilrate is converted inlo nilrite In 1he inlestinal whlch :esulls qucks 0, lrom
blood and finally baby get lurn blue.

6. Chlorlde Content

Chlaride, whichis a compound of chioring wilh ather elements, are present mostly in nalural walar, agnculturall

orirrigalion discharge and range of concentration are very wide.

* The concenlralion due 1o chloride is mostly with sodium i.e. NaCf (the common salt) and to some
exient wilh calcium and magnesium. They are the mos| slable componenis in waler.

¢ Mostof the river and lakes have chloride conceniration of chloride Tess than 50 mg/t.

+ Tha presence of chloride in high quantily mdicates pollulicn of waler due to sewage or induslrial
vialer,

«  Chiorides are measured by Mohr’s method in which raw waler is firated with standard AgNO, solution
using K,CrO, (Polassium chromale) as indicator.

. Anolhnr method lo delect he chloride content is argenomelric method.

Permissible Limit: Chlaride are not delrimental 1o health bul the sall intake (i.e. common sall or NaChlor
pébple suffering Irom heart ar kidney ailment has to be resiricled.

Acceptable limil is 200 mg# and cause for rejection is 1000 mg/s.

7. Phosphorus
» Phosphorus is non-loxic and do not cause direct healih threat.
« Butindirectly, phosphorus has threat to waler quality because:
(@) It facilitates last growih of aqualic plants.
{b) llinterisras with treatmenl of waler fika chemical coagulation.
» Thavery fow conceniralion 0.2 mgf! of phosphorus may inlerfere with the water trealment process.

8. Fluorides
Fluorides occu;,so@glimes nalurally in water. If not, it should be added in conlrglled quantily during
Ireatment pracess. !

» Fluoridalu'm&waler supplies o alevel of 2 1 mg/fis safe and effective in reducing dental cavities.

* Thegrealestadvaniage agains! leeth decayis v.rhen waler is drunk in childhood during Ihe period of
toolh formalion.

* However, oplimum concenltration of fluoride has to be controlled because excessive amount lsads 10
fluorosis, which causes decolouraticn or molliing of teéth and somelime bone damage bolhin children
and adulls,

*  Grealerthan 5 mg/icause de!o:max:on of bones called bone llucrosis and other skelston abnormalilles.

Permissible Limil; Acceptable hrnlt isuplo 1 mgit and greatar than 1.5 mgf is cause for rejection.

The tsmporary hardness of water is causad by
(a) dlssolvad cerbon dloxide

(b) blcarbonates nd carbonsates of calcium and magnesium
{c) blcarbonates of sodlum and polassium

(d) carbonsies of calcium and magnesium

Ans. (b) . !

Match List-l (Type of Impurity) with Ust-ll {Harm caused} and select lhe
carrecl answer using the codes given below the lists:

List-I . List-li
A. Excess of nlirates 1. Brackish water
B. Excess of fluorides 2. Goilre
C. Lack of lodides 3. Fragile bones
D. Excess of chloridas 4, Blue bables i
Codes:

A B8 C D
{a} 4 2 3 1
{6} 1 2 % 4
©@' 4 3 2 '+t .
(d) 1 3 2 4
Ans._ {¢) . .
9. Pesticides

Pesticides cover awide range of compounds they include inorganic compounds such as copper sulphate,
chiorinated hydrocarbon such as DDT, aldfin and lindane.



. Discharge 0¥ peslicides in the 'ééle: course has lo be conirolled because accidental discharge of
peslicides in bulk becomes mote serfous causing fish death.
Rs_nmaml pesticides are doné by oxidativa treaiment using ozone, chioring dioxide or polassium

i

NOTE: Hemovafotpas!;csdas through absorption by aclivated carbon is most elfeclive.

10.

11

Phenols

Phenal compuund in surface waler 2 are mainly found due 1o polluhon ‘rcm industries.

¢ Effiuents from perochemicals, Washmg from termac roads, gas iguory are exerted on surface are
the main sourca of phenols. L

Phanols are also found in water ffom decaying algae - a vegetalian.

Presence of phenols makes wajer otjectionable in (aste and odours. Highest desirable of phenat
that has been recommended is 8.001mg//.

* Removalof phenolsis done by super chlorinating process, oxidation with ozona or by absorplion by
activaled carbon. k

Metals

Thoy are classified intwo ways:
1. Toxictype

1. Toxic lype metals: Example of toxic matals are Arsenic. Barium, Sadmium, Chromium, Cyanide,
Lead and Mercury.

2. Non-loxic type metals: Example of non-toxic metals are Ca, K, Na. Zn, Mn and Fe:
Sodium: Hanmiul to some persons with cardiac problam. Excess of Na may be destruclive {o soils. llis

i

2, Non-toxic type

also corrosive 1o metal surface in large concentration, It is toxic for plants.

Measurement: Measurement is donk by atomic absorplion specirophatomenry.
fron and Manganese: iron and manganese in concentration greater than 0.3 ppm and 0.05 ppm

respectively are undasirable as they may cause colouration of clothas washed in such walters,

* They may cause incruslatior: in waler mains due lo deposition of ferric hydraxides (Fe {QH),) and
manganessoxide.

Some bacleria use iron and manganesa compounds lor an energy source and results inlime formation

which may produce taste and odour.

-

Fe (HCQ,), —28=0_, ko (OH), "ﬂ"‘\
FeCf, =800, £o (OHj, L Sau
FeSO, —Zn , ko (GH), L

¢ Insimitar fashion, manganese also precipitates,

Iron and manganese posses prablems in ground water and boliom layer of lakes but not in surface

water. Because surlace waler has suliicient O, and hence precipitate of Fe{OH), and MnQ, will
occur

Permisslble Limit: Acceplable limil for Fe is 0.1 ~ 1.0 mg#f and Mn 0.05 - 0.5 mgil.

Copper:

+ Essential to humans in small daily amounts (2 mg).

= lis larga quantily affects respiralory organs system and lungs.

e Laxative eilact has occurred when CuSO, is grealer than 250 mg/).

* It Jimit is 0.05 - 1.5 mgfl.

Calcium:

+ Calcium is very essential for bones and teelh formation.

» The acceplable limil 1s 75 mg/f and cause lor rejeclion is 200 mg/?.

Sulphale

« The main source of sulphate is di‘ssoluhon ol gypsum and other mineral depasits conlaining sulphates
and from industrial effluents,

s Acceptable limit is 200 mgff and cause lor rejeclion is 400 mg/t.

Zinc {Zn): :

= Znis very essenlial nutrient for life.

»  Athighconcentration, zinc is acutely and chronically loxic 1o aguatic organisms.

= Acceplable limitis 5 mg/f and cause lor rejeclion is 15 mg#.

Arsenlc;

»  Acule or chronic toxicily to humans,

o By product of smelling ores and used in other induslries.

«_ Acceptable imit is 0.01 mg/ and cause for rejection is 0.05 mg#.

Cadmium (Cd}:

« Cumulative, highly loxic in humans and livestock.

« Allecis all life.

*  Protects othsr melals against oxidation. Also used in other induslries.

¢ s conceniralion must nol be greater than 0.01 mgfi.

Chromium {Cr}:

« Toxic to hurnan and planls.

* |t should nol be greater than 0.05 mgf.

Cyanids (CN):

« Cyanides renders lissues incapable of oxygan exchange.

* |{ should not be greater than 0.05 mg/i.

¢ |tis not curnulative and il is biodegradable in streams,

Lead (Po): S ‘

« Cumulative in limans and livestock. Humans absorption olintegrated lead is small.

e Ilis toxic lo many organs and lissuas including Lhe hearl, bones, kidney, intestine, reproductive and
nervous syslems.

Mercury {Hg):
Toxic lo all lypesilorms of life.

= Mercury is very slowily excreted Irom (he human body.

= Methyl mercury is 50 times mare toxic than inorganic mercury.

*  Mercufy poisoning cause depression, numbness, sensalions, leaky gul syndrome, immune
dysiunclion ete,

s (L should not be grealer than 0.001 mgf!,



Table 3.5 Summary of Harmlul Effects Caused by Various Toxic Elements and Compounds

S.No, Substance Harmful offects

1. Anlimony, Sb Accumulates in liver and Is detdimental to the heart In humans, Can ba
accumualed by marine arganisms.

2 Arsenic, As Acule o chronle toxicty lo humans. Toxic o ofl life. By-product of smefling
oras andusedinotherindustries

3. Barivm, Ba Ingesled Ba salts are highly toxic lo humans, Usually lound in frace amounts
in nalural walers bul surfaca waler concentrslians ara somelimes as high as
0.3 mgfL. May be loxicto planls it prasknl above trace arounls.

4. Beryllium, Be Extremely loxicloall Tifo. Usually, naturally presentin concentralions less than
0.0001 gmiL In surface vaters. Oxides and hydroxidos are Insoluble within
namal pHranges.

5. Boron, B No evidence of accumulation In humans, Large emounts may produce
digastive difficulties and nerve disordars.

6. Bromine, Br Free bromine (Br) Is a strong oxidant not found naturally. Bromine salls are
harmtess.

7. Cadmium, Cd Cumulative, highly toxicin humans and livestock. Affects all life, Proteds other
metals against oxidalion.

8. Chierine, CI Sameas broming

9. Chromtum, Cr Natural Cr s rare. Cr{V1) Is the foxic form o humans. Cr{il) s slowly oxidized
to CriVl)inwalers. Toxicto plants. Varying loleranes 1o Crsalls in aquatic ife,

10. Coball, Co Lowtaxicity to humans; assentialin trace emounts.

1. Copper, Cu Essential 16 humans In small daily smounls (2.0 mg). Upper limits not
delermined butwaleris very distasle-ful at 1-5 mgiL Cu. Essential to all life bul
istoxic etdifiering levolsio plants and aquallclife.

12. Cyanide, CM Cyanido renders lissues incapable of oxygen exchangs. It is not cumwiative
anditis blodegradabre in streams. CN behaves ke halides.

13, Fluorine, F Fluoride has been shown la reduce denlal caries. Above concentration
guidclinas there is no further reduction In cavities but mottiing Increasas.
Natural £ concentralions are generally low but wide fiucluations occur,

1. Lead, Pb Cumulativa In humans and liveslock, Human absorplion of ingested lead is
small; single large doses are nota problom.

18. Lithium, Li Higher concenlrations cause phytoloxcity,

16. Mereury, Hg Touco all forms of lifo. Mercury is very stowly excreted from the human body.
Meliyl mercury is 50 time s more toxic than inorgonic marcury,

17. Molybdenum, Mo Essential micronutrient. Does not accumulale and humans can lolerate large
quantilies. Plants accumulate Mo in their follage but at normal concentralions
- inwaterilis nol harmful. Some grazing animals, e.g., callle. shoep and swine

exhibit sensilivily o this melal,

18. Nickad, Nt Lowaora loxkity tohumans. Toxicloplanis and marine Iife,

19. Nitrogen, N Non tedc Io humons at natural levols. Fish can not large quanbiles of
! and ammonia, NH_‘ ammania.

20. Nitrate, NO; Taxctoinfanis al high concantrations

21, Nitrita, NO,” Toxic

22 CrganicN Noheafthefledsperss.

2, Phanol Taste ang odour from theso compounds are moro sig-nificant than tholr
\‘ - 1ouicity. Thay exhibitdiraci toxicity lofish,
\""I .

24, Selanlum, So Cumulativo polsonin humans and animals. Moderalely ioxic to planis.

25. Sitver, Ag Cumufalive in human lissue resulting In blue-gray discoloration of skin
(arpyria). Toxicloaquaticorganisms. = - el

6. Sodium, Na Harmiulto some parsons with cardia problems. Destructive (o solis

2. Strontum ‘The stabla Isalope is & widespread minor component of ignecus rocks, Itis
similar_ io calclum and of no_heallh significance. Industrial sources of
radicactive stronlium ereInsignifican.

23, Sulfide, 5™ Undissodtated hydrogsn sutfide (H,S) 15 he ioxic entily. Also loxic to aquatic
life. ) )

29, Thalllum, T1 Cumulalive poison wilh sublsthal effects such as halrioss and hypertansion.
Thallium has been shown toinhibit phofosynthesis and acts as a nauropoison
tofishand aquaticinvedebrates.

3c. Tungsten, W Highly Insolublain waler and itleinfomnalionon health offects.

31. Uranlum, U Uranium andils salls are quitetexic lo humans and havo alsobeenraported io
boloxkctozqualicorganlsms. .

32, Vanadiom, V Low concentrations are not loxlc lo humans. Toxidiy has been demonstrated
Inplanis,

) . e

a3 Zine, Zn Relalivaly non toxic lo humans and animals. Essential nutrient for life. Only al
high concentrations it has been found fosic fo plants. Howaver, zinc is acutely
and chrenically toxic lo aquaticorganisms.

12. Dissolved Gases

Thevarious gases which may gel dissolved in water due 10 its contact with the atmosphera of the ground

surlace may be nitrogen, methane, hydrogen sulphide, CO, and O,

3.

wop oW

CH,: IV is explosive in nature and causes green house elfect.

H,S: Itis produces bad taste and smell to the water and therefore it should ba removed.

€0, Its presence indicales biological activilies. it imparts bad tasle and make water more corrosive.
Nitrogen: The nilragen gas is nol very imponiant.
0,: O, is required for respiration of water species and in no cas

e it should e less than 4 mgfl.

0., ievel less than saturalion level indicates oxygen deliciency.




To estimate the deliciency of waler 10% solution é! KMnO, is exposed 10 27°C Jor 4 howrs and the
amounl of oxygen absorbed is calculsted.
: ¥

7 Capacity of valeria

bt the:O31s. calid-saiuration

$
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fogen and Phosphorus are thg chie] fulilants Which helps in growih ol plants. - -

Presence of Organic

There are two types of organics: ‘;

{a) Biodegradable (t) Norrbiodegradabls

{8} Blodagradable: Biodegradable organics are ulilize! as lood by microorganisms, example-starch,
fats, protein, algaiol acids, aldéhydes and esters, g .

The utiization of disSalvEd prganic is sccompanied by: DA

1. COxidation :::; F o ﬁeduction RS ' e ‘.

*  Reactioninthe présence bf &xygén s called aerabic reaction and ifis a oxidation reaction,

*  Reactionin lhe absénce of oxygen is called anaerobic feaction and itis a reduclion reaction.

*  Usuatly, aeroblc reaction gives étsble and accaplable end producl anid anaerobic reaction gives

unstableand objegtionable end product- . . . o
= Thaamountof oxygen consumed during microblal utiization of organicis called BOD (Biochemical
oxygendemandy,.- "’ Lo

*  BODvilllbe dealtwih delai in waste water sngineering:”

s .

s L
.. "
=%

P

Dﬁi’WJﬂWTZBQﬁofdﬁnmng and treated water should bezeco, - =~ - - v -

{b} Non-Biodegradable: Nen-biodagradable organics are lignic acld, cellulose, tanit acid, phenals,

delergent compound and indusirial waste. . S

* Theconsliluents of woody plants biodagrades so slowly that they are usually considered non-
biodegradable. T : - -

* Molecules wilh exceplionally strang bonds {some ol polysaccharides) and ringed struclures
{benzene) are essentially non-biodegradable lika detergent com, unds, organic pesticides,
industrial chemigals, [ ?\

Hydrocarbon combined with chiorine are toxic toorganisms hence considered non-biodegradable.
Pesticides including inseclicides and herbicides, have found widé-spread use in modern society
in both urban and agriculturat sellings.

* Organicinsecticides are usually chiorinated hydrocarbons {i.e. aldrin, dieldrin, endrin and lindane),
while pesticides are usually chlorophenoxy (e.g. 2. 4-dichlorophenoxy acetic acid and 2, 4,
S-tichlorophenoxy-propionic acid),

¢ Many ol the peslicides are cumulalive toxins and cause severe problems al the higher end of
food chain.

* Anexampleis the near-extinction of the brown pelican thal feeds on fish and other macroaguatic
species by the inseclicides DDT, the use of which is now banned in the United States,

¢ Measurement of non-biodegradable organics is usually by the chemical oxygen demand (COD).

¢ Non-bfodegradable organics may also be eslimated from a tolal organic carbeon (TOC) analysis.

+ CODmeasure Lhe biodegradable {raclion of the arganics, so the BOD, musl be sublracted from
the COD or TOC (o quantify the non-biodegradable organics.

* Both COD also measures biodegradable organics. COD is determinzd by mixing the sample

wilh very strong oxidizing agent like K, Cr, O, which oxides all organic matter.
* Non-bicdegradable organics =,COD-BOD,.
= COD = Total biodegradabla BOD + Tolai non-biodegradable BOD.,

TE: COD 5 8lég sormatiries called dleheomale démaind ~

Type of Aquatiz Anlmals

b tienified And quarifid iugh analysis by gas cniomatography.

e,
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Typeof Aquatic Plants

These are classified & _ IR LR
1. Spemaphyta - Walerwgsds.. ;2 . . 2. Biygphyte ~ Mosses
3. Peteridophyla = Feyms and portails 4. : Thallophyta— Algaa (Photosynthesis plants}

e

2. Mollisca - Snails, sludge and lymplets
. Worms = Rotilere or thread worms
6. _ Protozoa — Entamoeba histolylica

Biologicat Wat"e"r;QQality Parametle'r‘ R

Those microorganiém which ar"é harmful for human and enfmal are calléd pathogens.

* These are capable of infecting and Iransmilling the diseases 1o human being.

* Exampleo! palhbgeps a;epaqgéria, ,virus: prolozoa and helminths. .

Bacteria: Amang all iiving things, siitiér in'plant or“animal kingdom, bacteria are the smallest visible

R R AL S " . -

» They belong lo group of organisms known as "Fission fungi” (Schizomycetes) and reproduce by
direct spliting of a parent cell inlo two daughter cells and not by any complicated reproductive
process. L

¢ Allof them wilh ' lew exception, use organic carbon because they are devoid of chlorophyll and
hence, are unable 1o obtain their carbon from carbon dioxide (CO,) through energy oblained from
sunlighl as green plants do,

Bacteria are grouped under tour categories based on lheir shapes as given below: .

1. Rud or cylinder shaped - Bacilli (Singutar-Bacillus)

Spherical shaped - Cocci{Singular-Coccus)

Spiral shaped - Spirilla (Singular-Spirillum)

Comma shaped - Vibrio (Singular-Vibrium)

Testing and cauming of pathogenic bacleria can be done but only with great ditticulty. Idence, these
tesls are not performed generally in rouling.

A BN



» The usual routine lests are generally conducted to delecl and count lhe prasence of colitorms, which
themselves are harmless agrobic lacleal fermentery organisms but their presence o absence indicales
the presence and absence of pathogenic bacleria.

= Coliforms also known as bacteria coli {B-coli) or Escherichia coli (E-coli) are important harmless
aerobic microorganisms, which are found residing in the infestine of all warm blooded animalsincluding
nhuman Leings, therefora, are excreled wilh their faces.

= Since they are harmless organisms lo coliform group tive longer in water than the pathogenic bacteria,
it is generally presumed that the water vill be safe and free from pathogenic bacteria il no coliform
tacleria are presentinit.

The lests for coliforms are:

1. Membrance filler lechnigue

2. MPN lesl (Mosl prabable number)

3. Colitormindex

Walor

00 0

1. Membrane Filter Technlque: The simplest
and lhe mos! recenl method adopted lor
detecling and measuring (he presence of
colitormbacleriais lo filter the water sample
through a sterle membrane ol special design
{i.e. porosily 80%, pore size), en which
lhe bacléria will be retained il at all

iml 1 mlL
pressnt. .
= Waler sample is poured onlhe slerile 8 mL
membrana iller.
» In this, membrane is lhan put in |

contact with nutrients (M-endo
medium) that permits the grovah of  prygenen atgas
only colilorm colony. lakan &s o

. . positivo test

«  Afier incubation for 20 hrs number of
visible colonies are counted. No
visible colonies should be detectable
in any 100 m/ sample, ’

* Coliform bacteria will produce
characleristic colonies, which are pink lo dark red wilth golden melallic shean, often with greenish
lirst. Non-coliform bacteria which grow in this medium will tack (he characleristic sheen.

2. Most Probable Number (By Multiple Tuba Ferme'n!alion):

*  Most Probable number is a number, which represents (he baclerial densily, which is most likely
1o be presentin the waler.

= Difterent dilulion of sample ol water is mixed witﬁ Jaclose biroth and incubated in tes! wbes for
48 hours at 37°C.

* The presence of acid or carbon dioxide gas in the lest lubes indicales the presence of coliform
bacteria.

* The colitarm aclually is gram-negalive, non-spare forming, rod shaped bacteria that ferment
laclose and the end products are acid and CO,,

l j l ] l . Sterila membrane

fillar

Flg.3.6 Membrance filter Yechnieque

1mL /1@1_\
i}n& oml
l [

Fig. 3,7 Membrance filter Technlque

E Innar fermentation lubo

« Then relerring lo standard table MPN of E-coli per 100 miwaler is found out.

¢, MPN represents baclerial densily which is most likely to be present.

= Say 10m/, 1 m/ang 0.1 v difulion samples are laken and 5 number of test lubes with each
dilution are tested. If posilive test is seen in 4 number of 10 mi sample, 2 number of 1 miang 2
number of 0.1 mf sample then from the slandard 1able MPN/ 100 obtained irom series 4-2-2.

-« - If sample size is taken of 1 m/, 0.1 m/ and 0.01 m{ then MPN/100 cbiained from table of
1 {10 m, 1 md, 0.1 mf) is mulliplied by 10 to gel aclual value.

« It more (han three dilution samples are available then the dilution chosen for MPN calgulation
shauld Be'three consecutive dilution which shows dilution of organisms la extinction {i.e. max
+ve rqig{lé' minimurn resulls in three consecutive dilutions).

«  hen (3PS are not available, then Thomas equation can be used to estimale the MPN

Ve B Nurber of pesitive [ube x 100
1o = i of sample in negalive lube) x{ O 52 sample in all (ube) ..

»  Inapplying the Thomas equalion, the count of positive (ubes should begin with the highest dilution
in which at leasl one negalive results has occurred.

Determine the MPN using the Thomas equalion

Sizo of Sample{mi) | Number of Peslilve ‘ Numbor of Nogative

1

0.1
.01
0.001

2N
e (o

Solution:
Numberofthelube =4 +3+2=9
mi of sample in negalivetube = 1x 1+ 2x 0.1+ 3x0.01 +5x 0001 = 1.235
i of sampleinafitube = 5x 1 +5x0.1+001 x5+ 0001 x5=5555
9x100

MPRADO MY = — e = 344
1.235x55%

3. Coliform Index: Il is defined as the reciprocal of smallest quantily of a sample which will give
1 positive B-coli test,’

NOTE: MPN and B-coliindex ate now absolule. Now-a-days, we use membrane filler techr_ﬁqua.

Diseases Disseminated by Water Suppliesi.e. Water Borne Diseases
Waler borne disease ara those disease which spread primarily through contaminated walers and the
important waler borne disease are:

1. Disease Caused byBacteriainfections .
{i) Typhoid lever and paratyphoid fever {caused by Saimoneila lyphi Bactenia}



z.

3.

4.

below

fe) 3

(ii) Cholera {caused by vibrio-cholera bacteria) ‘
(#i) Bacilary dysenilery (caused b y Shiga bacillus or llaner bacillus or sonne bacillus)

DnseaseCausodhy\'lra!lnfecﬂnns

{8 Inleciious bepatitis or infectious Jaundice (caused by hepalifis virus)

(i} Paliomyelitis {caused by polio virus) ‘
DiseaseCausad by Protozoal Enfedians

(3 Amoebic dyserlery(caused byenjamoeba hystalica genn)
{i}} Glardiasis (caused by GiardiaLambiia)

Diseases Caused hy Helminths (Parasmc Worms)

(i} Echinococcasis (hydatidosis, grandlosuy dog lapeworms) - {Caused by Echinoccoceus)
(&) Schislosomasis or Billhorris (ca&sed by Schistosoma)

i
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Example 3,18
the lists.
List-l
A, Pralozoa
B. Bacterlz . S g
C. Presence of n!trate345mg[{. ' .
D. Vius L Ce

.
.

B
{a) 3 2
(b} 1 4

4
b 3+ 2
Ans. {c)

Maich Listsl (Equlpmam) wilh Lisl-lf (Parernata: :
"dnd
answar using the cudes given below the f:sts ) select the coreat

Listt . LI T
~En ’
A.  Tintometer 1. Temperaiure
B.  Nephslometer 2. Colour
g. :z:;ﬂoﬁ 'cma 3. Settlsabls soilciq;“i LY
A e furnace 4. Volatile eolids B
5. Tubidi Haa
A B ¢ D oo
{at 4 3 1 s
by 2 5 a3 4 '
{c] 4 §5 1 3
@@ 2 5 4 3
Ans. ib)

Nuissance Bacteria

(i} tronBacteria: k causes pitling and tubercutalion in pipes and rendars waler unsuitable tor industrial

purposes.
(iy Sulphur Bacteria: Acid produced during lheir melabolism s destruclive la concrete and other structure.

Tabla 3.8 Indian Slandards for Orinking Water
K Pammnters - A Penﬂlr:?‘lbln s:]l;:l:: '.'; s
Tolal suspended solids 500 2000
Turbidity (NTU} ' 1 10
Colour {TCU} 5 25
Tasia & odour (I' ON) 1 3
Chomical : RS
Tolal dnswybé_;aq[q (nrg) 500 L2000 .
Alkalinty imgn - 200 600
i F il 7-es T T<858>02
Hachosslel) i | 20 il 0
Chiarido contont (mg) 2 | 1000
Free zu'n.m‘mlg {(mgfh 0.15 : ' ‘0:‘1 5
Organic ammonia (g 03 L. 03
Nitrate (mgh) s T a5
Nitrita (mesf} 0 -0
Fluodde contenl (mgf) 1 < 15
Iron as Fo (mg/) . 01 . . 1.0
Manganaose as Mn {mg/f) 0.05 05
Copperas Gu (mgm 0.5 15
Zing as Zn (ma!f) 50 15.0
Phenalls eompound as 0.001 0.002
pheno! (mg/f)
Minecal Qii {mg/h) 0.01 03
Arsenle (mg/fy 0.01 0.05
Sulphate (mg/} 200 400
Calcium {mg/fy 75 200
Marcury {mgif) 0.001 0.001
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The chemical analysis of a waler indicates the presence of calions as
Na* =' 20 mgfl; Mg*' = 80mgiL; Ca** = 45 mg/L. Compute the hardness {as equivalent of CaCQ0,). The
combining weights of Ca, Mg and CaCO, are 20, 12 and 50 respecils.

Solution:

Hardness is due to mullixalenl cations,

Tolal hardness in mg/t as CaCQ, :

‘ \ .

o . i
- [Ca" in gl x Combining weight of CaCO,
Combining weight of Ca™*

. [Mgn in mafix Comblning weight of CaCOJ]

Combining weight of Mg~

(e 59 50
= [45)\564-60!'1—2} = 11]2.5 + 250 =3625 mgif

Sﬁ‘_ Important Expressions

09,

i I e
1. Threshold od ke
\ odour number (TON) = y when, A = Volume of water sample undiluled
8 = Volume of dislilled water requived to be
added 1o remove the odaur
i R . Moleculer weight
2 lent wi = —_—
Equivalenl weighl Valencey
3. Gram equivalen! = M
Equivaleni weight

[Ga™ Jmgi
Equi. w1. of Ca

{Mg™ ) mgit
Equi. wi of Mg

4. Total hardenss = xEqui. wl, of CaCQ, + x Equi. wt, of CaC01

S0 &0 '
5. Total hardness = [Ca% |x = +[Mg®! }x ==
ess = [Ca7] 20+l g-'Ix >

6. Thomas equation, MPNI00 M = ——-=n Number of positive ‘U'{? x1%0 :
Jim? of sample in negative whe) » Jm/ of sample in all wbe)

7. Pholosynthesis reaclion in green plants,
€0, + Chlarophyll + Solar energy = Plant lissue + Oxygen

‘Summary 3

The maximum permissible and colour fimil for public water supply is 20 on coball scale,

il should be prelerably less than 10, .

Waler having low pH value have tendency of corosion ang il itis very fow, the tasle will

be acidic or sour and will ba unacceptable, ‘

3. . Acidity in an unpoliuted waler is usually due to dissolved carbon dioxide, which produces
weak carbonic acid.

4, Cogp{gr‘saus are used (6 conlrol algal growth in reservoirs.

The radigaclive substances in waler may contain trace of isotope of potassium {40 Kj,
sagfit ! pnd uranium.

6. One'lundred million five typhoid organisms may be present ina glass of drinking water
withoul causing any noliceatls turbidity and one millionth of thet quaniity of typhoid
organisms may éguse typhoid fever if taken in a glass of waler.

7. Viruses differ from bacteria In the facl that thay are much smaller and they muttiply only
when suilable host cells in which they produce changes, which givo rise to a range of
disease.

6. Leplosplrasis: Disaasesof lhis group which vasy frommild fever 10 severe Jaundice are
caused by numerous serogroups of the motile spiral organisms known as Leplospira.
They commonly infect rats, dogs, pigs and cther veriebrates and are shed Inthe urine of
these animals.

9. Typhoid, Jaundice and Cholera are known a5 waler borns disease because they are
caused in epidemic form due to drinking of peliuted water.

10. In virological, quality of drinking wrater shoutd be [ree from viruses which causes diseases
Io the consumers. Il is & coslly test and is done for examination for plague forming ugit
(PFU) of virus.

11, Modified Winkler melhod: The dissoived o;éygen'm awater sample is generally estimated

by modified Winkler method, The waler sample is takenina 300 m{80D0 bols and the

dissolved oxygen s fixed by adding 1 mtof conc. of H,SO, followed by addition of 1 m!

of alkali-iadide-azide reagent and then the contents mixed thoroughly therealler wailing

{or 5-10 minutes and then 1 mf of MnSO, reagent is added.

™~

?‘_ Objective Brain Teasers

Q1

i
The pH of waler admilledinfoa reatmentplant Q.2 Melhemogiobinemia, the ‘blue baby' syndromea

was 6.0 in the moming. Consequent 10 inflow is caused by consuming water containing
of raw waler from a difieren! source, iichanged excess of

10 B.0 in the nex{ 24 hours. Assuming lineat {a) Nuoride {&) phosphate
vatiation in time ol the hydrogen ion {c) nilrale {0) nitile

con¢ontration, the lime mean pH value of the

. Hardnes i fy Ene
waler over this 24 hour period is....... Q3 ardiness of water is causad by ihe prosence

of which of the {oliowing in water?



Qs

Qs

Q7

Qe

{e) Chlorides and Suplhates
{b) Calcium and Magnesium
{c) Nilrites and Nitrates

{d) Sodium and Potassium

A rapid lestig indicata the inlensity of pofiution
n nver waler is

{8) Bicchemical Oxygen Demand

{b) Dissolved Oxygen

(o} MPN

{3} Tolal Dissolved Solids

Bacteriological examination of drinking water
!orEscherisdalaCoEﬁom{E.Comisaeﬂom)ed
because v
{a) they are pathogentc cau i

diseases .‘
{b) their presepc

contaminalion of watér, .

.

{©) meyareusedaslndfcatororgamsm Ior,

pmbadepresenoeofpathogem .

) theymprsemunlqualndncamrmgamsm, R

{or sewage pofiu‘tson

The most :mportam waler quafxly parame:er'

for domestic use of water is

(a) carbonate hardness'™

) ron-carbonals herdrées X
€} cofiform group of organisms
{d} chiorides

Presence of Huoride in waler grealer than
permissible (evel of 1.5 moA. causes

{a) cardiovascular diséase

{b) methemogiobinemia

{c) hepatifis

{d} dentaliluorosiz

Alkalinity of water can be dalined correctly in

one of the following ways

{a} it is the measure of ability of water 1o
neulralize oxygen

{b} it is the measure of abilily of water 1o
neutralize carbonates

{c) itis the presence of ions in water tha will
nautralize hydrogen ions

{d} it is the measure of ability of waler to
neulralize hydroxides

nd:cates viral

Q9

Q.10

MPN index is 2 measure of onaof the following
“i{a} Colilony: bacteria

i} BOD,

() Dissolved Oxygen content

{d) Hardness

. The microbial quality of treated piped waler
supplies js monilored by
{a) Microscoplcaxamination
{b) Plate count of hetarolrophic bacleria
z) Coliform MPN test
{d) Idenlification of all pathogens

Excessive fluoride In drinking waler causes
r(&) Alzhermer 8 diseasa

smporary bardnass inwater is caused by lhe
] mnce o

D) Bh:arbonates of Caand M|

Q.13 -

Q.14

Q.15

)8 Sulphates of Caand Mg
Be Chlondes of Ga and Mg
(d) Nelrates of Ca and Mg

ThﬂCaz‘ u:ncentraﬂonand Mg concentration
of awaler sarmple are 160 mgfiil and 40 mglit
-&s their ions respectively. The tolal hardness
_of thewalér'samplain terms of CaCO, in mg/
litis approxrmately equal lo

Ha) d .. “(b) 20

{c) 267 (d) 567

In nalural waler, hardness is mainly caused by
(a) Ca**and P¥'y(b) Ca'- andFe*
{e) Na*andK!- () Ca‘*andMg™

»Q‘l

The resulls of ana(ybls ol a raw water sample
are given below:

Turbidity 5mofL

pH : 74 i
Fluerides 2.5mglL
TolalHardness :  300mgiL

lron ;. 3.0mgll

MPN ¢ SOper 100mL

Q.16

Q.17

Q.18

Q.18

From the data given above, it can be inferred

that water needs removal of

(a) turbidity followed by disinfection

(b) fluonides and hardnass

(c) iron, followed by disinlection

{d} fiuorides, hardness and lron lollowed by
disinfeclion

Resulls of a waler sample analysls are as
follows:

e
¢ ~at 5 tubcs
4 1
3 2
0.01 1 1

MPN index and 95% confidence limits for
combination of pasitive results when live tubes
used per dilutions {10 mL, 1.0mL, 0.1 mL)

CaCQ,is
{a) 44.8
) 179

Hardnass of walet Acﬂy,maasured by
tilralion with elhylene-dl-amln&xe\racehc acid
(EDTA) using

{a} enochrmnablack'fmdlcator .
{b} ferrommd:calor ;: Lo
{c) melhylorangam ::ator

{d) phenolphihalein Indicator

The organism, which exhibils very nearly the
characteristics of an ideal palhogenic
indicator is .

{a) Entamoeba hislolytica

{b} Escherichia coli

{c) Salmonalla typhi

{d) Vibrio comma

A slandard mulliple-tube fermentation test was
conducled on a sample of water from a surface
straam. The resulls al the analysis for Ihe
confirmed lest arg given below. <

iec] 95% m\fﬂﬂanc "Ilmlt.

O 20 yTola! K]efdahl nllrogen is a measure of

@y tola& wgamc nitrogen

- “(b) total organic and ammonia nitragen

0.21

Q.22

. {©) toal ammonia nilrogen
" {d) lolal morganlc and ammenia nilregen

1 TCUis equivalent 1o the colour preduced by
" {a) 1mgiof chioroplatinaleion

-y 1 mg!L of p!allnum ion

. (6 1mgA platinum inform of chioroplatinate
{d) 1mg/L ol organa-chloroplalinate ion

If lomalo juice is having a pH of 4.1, lhe
hydrogen ion concentralian will be

{a) 10.94 x 10 mol.(0)9.94 x 10> molil.
{c) 8.94 x10°5molL(d) 7.94 x 10 maliL

Q.23 MalehLlIst-lwith List-It and setoct the correct

answer using the codes given below Lhe lists:
List-1

Release valve

Check valve

Gale valve

Pilot valve

Oowm>



Q.24

Q.25

Q.26

Q.27

List-11

Reduce high Inlet pressure (o lower autlel
pressure

2, Limit he flow of waler o singla direclion
3. Remove ait Irom lha pipeline

4. Slopping the flaw of water in the pipetine
Codes:

-
b

{a)
{t)
{©)
{d)

A synihetic sample of water is prepared by
adding 100 mg Kaclinile' (a clay mineral),
200 mg glucose, 168.mg NaCl. 120 mg
MgSQ,. and 111 mg CaCl, 1o 7 liter of pure
vater. The concenlrations of lotal solids (TS)
and lixed dissolved solids {FDS) respectively
in the solution in mg/L are equal to

{a) 699and 599 (o) 599and 399

{c) 699and 199 (d) 639 and 399

- oW P

& NN m
BN = a0
W~ W -0

2

The presence of hardness in excess of
permissible fimit causes

(a) cardio-vascular problems

(©) skindiscolouralion

{c) calcium deliciency

(d) increased laundry expenses

The alkalinity and lhe hardness of a water

sample are 250 mg/l and 350 mgA. as CaCa,,

respectively. The water has

(8) 350 mgfL carbonate hardness and zaro
non-carbonale hardness

{b) 250 mgfL carbonale hargness and zero
non-carbonate hardness

{c) 250mg/L carbonale hardness and 350 mg/
L non-carbonate hardness

(d) 250mgf. carbonate hardness ang 100 mg/
L non-carbonale hardness

A waslewaler sample comains10-4 6 mmolfL
ol OH- ions al 25°C, The pH ol this sample is
{a) 86 (b) 84 =

c) 56 (d) S4

Q.28  Match List-| (Eslimation methad) with List-H

Q.29

Q.30

a3t

(Corresponding indicator) and select the comrect

answer using (he codes given below the fisls:
List-#

A. Azide modilied Winkler method for
dissolved oxygen

B, Dichromale melhod for chemical oxygen
demand

C. EDTAtilrimetric method for hardness

D. Mohr or Argenlometric metheod for

chiorides:

Ust-1t
1. FEriochrome Black
2. Femoin :
3. Polassiumchromate
4, Slarch
Codss:

A B C D
a3 3 2 1 4
b 4 2 i 3
) 4 1 2 3
d a4 2 3 1

In a waler sample total hardness is 205 mgft
and alkalinity is 300 mg/l. Carbonate hardness
{mg/L as CaCO,) present in (he above waler
sample is
(a) 205
€y 275

() 250
(d) 289

Anaerobically reated effluent has MPN of tolal
colilorm as 108100 mL. After chlorinalion, the
MPN value declines 1o 104100 mL. The percen:
removal (%R) and log removal (log R) of total
coliform MPN is

(@) %R =9990;logR=4

{b) %R =99.90; log A = 2

©) %R=9999;logA =4

(d) % R=99.99;i0gR =2

Chiorine gas (8 mg/L as Cl,) was added to a
drinking water sample. If the free chiorine
residual and pH was measured 10 be 2 mgiL
(as CL) and 7.5, raspaclively, what is the
concentration of residual OCI-jons in the water?
Assume thal the chiorine gas added lo (he
water is complelely converted (0 HOC) and
OCI-. Atamic Weight of CI: 35.5

032

Q.33

Q.34

Q.35

Q.36

Given: OCF + H* ==xHOCI, K = 1075
{a) 1.408 x 10-5males/L
{b} 2.817 x 10-5molesiL
{c) 5.634 x 10" molesiL
(d) 1.127 x 19 molesiL

A water sample has a pH of 9.25. The
concentration of hydroxyl jons in the water
sampla is s

(a) 10°Bmblasi’ (b) 10475 mmolesiL
{c) 0.302maiL w" (d) 3.020mglL

Il the total hardness and alkalinity of a sample
of water are 300 mgiL and 100 mgh_ (CaCOq
scale) respeclively, then its carbonate and non-
carbonale hardness (in units of mgfl} will be
respeclively

(@) 100and 200
(¢} 100and 400

{b) 4002and300
(d) d00andzero

Which ona of the lollowing would contain water
wilh the maximum amount of furbidity?

{a) Lakes (b} Oceans

{c} Rivers {d} Walls

Eutrophication of waler bodies is caused by
the

(a) discharge of toxic subslances

{b) excessive discharge of nulrients

{c) excessive dischargeol suspended solids
(d) excessive discharga of chlorides

Match List-l (Parameters) with List-ll
{Permissible concentration in drinking waler}
and select the correct answer using tha cades
given below the lisis:

List- List-H

A, Hardness 1. 0.1mgl
B. Nitrateconcenlration 2. 1.Smgfl
C. ironconcentratidn 3, 200mgiL
D. Fluorideconcentration 4, 45mgiL
Codes:

A B C D
@, 3 4 2 1
{b) 3 4 1 2
{c) 4 3 2 1
{d) 4 3 1 2

Q.37

Q.38

Q.ag

Q.40

Which of ha lollowing determinations are NOT
necassary for raw water from a lake foruse as
sourca of supply of water for boiler-feed?

1. Turbidily 2. Bacterialcount

3. lron 4. Hardness

Selec the comect answer using the codes given
below:

(8} 1,2and3
¢} 1.3and4

() 1.2and4
{d) 2,3and 4

Which of the Ilollowing isfare lhe
characleristic(s) of coliform arganism?

1. Bacillus

2. Gram-negalive

‘3. Fermenis lactose
4. Sporedonming

Select e comect answer using the codes given

-balow:
. {a) 1alone

{6} 1.2and4

{c) 1,2end3 {d) 2.3and4

Consider the foliowing statements:

Some amountol chicrides is allowed in Orinking

waler because

1. ithelpsinkiling bacleria

2. small quanlity of chioridas adds 1o the
tasie

3. itis notinjurious to human health

4. ilisnoleconomical (o removeitcompletely

Which of these stataments are correct?

(@) 1,2and4 {b} 1,2and3

{¢) 2,3and 4 {d} 1,3and4

Match List-i with List-ll and select the correct
answer using the codes given below the lists:
List-

Prolozea

Bacteria

Presence ol nitrate>45mgfL.

Virus

List-il

Methaemoglobinemia

. Poliomyelitis

. Dyseniry

. Typhoid fever

PO

&

& A b



Q.41

Q.42

G.43

Codes:
A B C D

(a} 3 2z 1 4

(o) 1t 4 3 2

©@ 3 4 1 2

()] 1 2 3 4 g

Which one of the following organisms is

responsible for enteric fever?

(2} ECHO

{b} Saimonsliatyphi

{c} Entamoeba histolytica

{d} Echinococcus

Malch List-l (Typggf imPynty) with Lts!-u

(Etfect) and select lHie Eolrect;s

the codes given belowihe list

1.

2 Tempotazyhatdness

3. Nkaﬁnuyandso!lness

4, Calourandlasfe .

Codes: L L
A B CCD v

{a) 1 3 -2 4. .+

b} 2 4 1 3

©@ 1t a4 2 13

) 2 3 1 4

Whichol the following are associated with alum

coagulation?
1. Adecrease inalkalinity of treated water
2. Fomationof hydroxide flocs of aluminium
3. Aslightdecreasein pH of treated waler
4, Anincreasein permanent hardness
Selectthe correct answer using the codes given
below:

{a) 1,2and3
e} 1.2, 3and4

(b)1,3and4
(dy2and4

Q44

Q.45

Q.46

;v : sampraarezoo mgﬁ_as CaC0,and 260 mg/L
a8 CaC0; respéclively, what arethe values of

) "hardness?, :
. -.(a) 200rngiL and zaro

'

*te) Ze’rohndmOmgIL

What is the equivalenl calcium carbonate
eancentration of 110 mg/L of CaCl,?

{at 50mgiL {b) 58.5mglL

(‘,1 100 mgfL @) 117mglL

wmcn of the lollowmg catlons impari{s)
pseudo-hardness towater?

(2Y Calciumonly

) Magnesium only

{¢] Caleiumdnd magnesium

{d) Sodium

Alier which of the following treatmant unis,
the turbidity is maximum?
(=) Chlonna&:on\ )

g Frocéulehoj Easm
Semndary sedlrnenlatlon

carbonale hardnass and non-carbonale

v
{0} ZeroandS0malL

{d) 60mg/L and zero

Match List-l (Progess/Bactaria) with List-11
{&mgmated$md§el&tmecorrectanswer
using the codes gweq below lhe lists:
Lstl 2w
A. Anabolism
B. Autotrophs
C. Catebolism
D. Helerotrophs
List-ll '
1. Providing energy for Iha synthesis of new
cells and mainlenance of other cell
funclions

Q.50

Q.51

Q.52

2. Obtaining energy and material for growth
[rom organic sources

3. Providing the malerial necessary for cell
grovth

4. Obtaining energy and material for growth
{rom inorganic sources

Codes:

A B C D
(a) - 1 4 3 2 A
® 3 2 1 4
© 1 2 3 4 '
@ 3 4 1 2

Hardness lo water is caused by the presence
of calcium (Ca®") and magnesium (Mg?*) ions.
Which are the least soluble forms of calcium

and magnesium al normal water lemperature? '

(a) CaCl,and MgCO

(b) Ca(HCOnjz and MgCl,
{c) Ca(OH),and Mg(HCO,),
{d) CaCO,and Mg(OH},

Q.53

Q.54

Malch List-4 (Pathogen) with List11 (Epidemic)

and selecl the correct answer using the codes
given balow (hs lists:

List-l List-li
A. Bacteria 1. Gaslroenteritis
B. Virus 2. Cholera”
C. Prowozoa 3. Worns
D. Halminth 4. Polio
Codes:

A B € D
(@ 2 4 1 3
{b) 3 1 4 2
{c) 2 1 4 3
106)] 3 4 A 2

Match List-1 (Parameters) with Llst-H (Units)
and selecl tha correct answar using lhe code
given below the lists:

List-l List-11
A, Turbidity 1. TON
B. Pathogen 2. TcU
C. Odour 3. J1U b
D. Colour 4. MPN

Q.55

Codes:

A B € D
@ 2 1 4 3
® 3 1 4 2
© 2 4 1 3
@ 3 4 1 2

The maximum safe permissible limit of
sulphates in domestic water supply is

{a) 100mg/L {b) 200magfl.

{€) SC0mg/L {d) 600mgit

One Mephelometry Turbidity Unil (NTU) is equal

to the lurbidity produced by

(@) 1mgSiO, dissolvedin 1 of distilled water

. wnh the tast being run accarding 10
3 absorptlon principle.

_-(6) 1mg Si0, dissoived in 110l distifled waler

with the lesl being run according 1o
scaltering principle.

“{c) 1 mg Formazin dissolved in 1/ ol dislilled

waler with [he tesl being run according 10
absorplion principle.

{d) 1 mgFomazin dissolved in 11 of distille
waler with Lhe test being run accarding to
scallering principle.

The dissolved oxygen in a waler samplg is
generally estimaled by maditiod Winkler
method. The water sample is 1aken in a 300 mi
BOD botile and the dissolved oxygen is fixed
by adding

@ 1miofconc. H,S0, followed by adldition
of 1 mni of MnSO, reagent and conlenls
mixed thoroughty, thereafter wailing lor
5-10 minules, and then 1 m{ ol alkali-
iodide-azide reagent is added.

{b) 1m!ol alkali-iodide-azide reagent lollowed
by addilion of 1 m{ of conc. H,50, and
then the conlents mixed thoroughly,
\hereatter waiting lor 5-10 minutes, 1miof
MnSO, regentis added.

{c} 1 milolMnSQ, followed by addiionof 1 mf
ol atkali-iodide-azide reagents and then
the conlents mixed thoroughly, thereafter
vraiting for S-10 minutes and then 1 m{ of
canc. H,S0, is added.



{d) 1m/of conc. ol H,SO, followed by addition
of 1 m! ol alkali-lodide-azide reagent and
then the conlants mixed thoroughty,
thareafter wailing for 5- 10 minutes andthen
1mi of MnSO, reagent is added.

Q.56 Consider Iha following slatements:

1. Typhoidfever is caused by viral infeclion.

2. Infeclious hepalilis is caused by baclerial
infection.

3. Chalerais caused by bacleria.

4. Amoebic dysentery is caused by
protozoal infection,

Which ol these stalements are correcl?

(@) 1.2 3and4 - {0) 1,.2and Jonly

(c) 3anddonly  {d) 2and3only

Directions : Each of the nexl items consists.of two
statements, one labeled as lhe ‘Stalements (i)’ and
the olher as ‘Statement {I1}". You are 1o examine these
two statements carelully and select the answers to these
ilems using the codes given below ;
Codes: AR
(@) Bolh Statement {I) and Stalerment {}l} are
individually true and Stalement () is the
correcl explanalion of Stalement (i)
{b) Both Stalement (I} and Statament {J1) are
individually true but Statement (/1) is NOT
the correct explanalion of Statement {1)
(c) Stalement () is true bul Slatement (11} is
false :
(d) Staloment (1) is false but Stalement (!1) is
Irue

Q.57 Statement-l : Fluoride concentralions ol

approximately 1.0 mg/fin drinking water help”

{o preveni denlal cavilies in children.
Statement-Il : During formation of permanent
leeth, lluoride combines chemically with tooth
enamel resulling in softer and weaker (eeth that
are less resislant lo decay.

Q.58 Stalemant-| : Virus is living organisms in a
nalural environmenlt including soil.
Statement-1l : Virus comes toifg alter entering
the host tissue through conlamination.

Virusus are the srmalles! biological siructure,

Q.59

Q.60

Q.61

G.62

Q.63

7.

2

17.
22,
27.
32.
37.

containing all information necessary for its
reproduction. They are obligale parasites, and
as such, require a host in which to live.

Stalement-1 ; The ability of water lo conduct
electricity, knovm and measured as the specilic
conductance, angd concentration of tolal
dissolved solids are not relalable on a one-1o-
ong basis,

Statement-Il : Many organic molecules and
compounds dissolva in waler without ionizing
and Henca are nol taken into account while
measuring specilic conductance.

Statement-I:-Waler wilh heavy algal growth
olten has pH values as high as 9 1o 10.
:Statement-t; Non-utilization of the bicarbonate

lon as a carbon source by algae can resultin

subslantial accumulation of OH"ions,

Statem ent-I: Alumis the mos! commanly used
.coagulantin waler lreatment,

Statement-ii: Alum is vary elfective in killing
pathogens present in water.

Statement-I: Fluorides should always be
presentin drinking waler uplo a value 1.5 mg/J.
Statement-l: Such a water helps clean the
leelh well,

Statement (I): 'Environment' includes abictic
and biolic parameters.
Statement (Il): Abiotic parameters include
algae, bacleria, animals; and biclic paramelers
are air, water and sail.

- T TAnswers .. :
(c) 3.(6) 4.{b) 5 (c) 6. (c)
@) 8.(c) 9. () 10 (c) 11.(b)
(a) 1a. (d) t4. (d) 15. (d) 16. (c)

(a) 18. (b} 13. (d} 20. (b) 21.(c}
{d) 23. (a) 24. (d) 25. (d) 26.(d}
{d) 28. (b) 29. {a) 30. {c¢) 31.(a)
{c} 33. (a) 34. {c} 35. (b} 36. (b)
(a) 38, {c) 39. {c]) 40. (c) 41. (b)

42. (d) 43. {c} 44. {c) 45. (d) 46. {c)

47. {d} 4B. (@) 49. (d) 50. (d) 51. (a)
52. (d} 53. (b) S54. {d) 55. {c) 56. (¢}
57. (c) 58 {d) 59, (a} 60. {c} 61. (b}
62. (c) 63. {c)
Hints and Explanations;

" Sol. 1

Given, inilial pH yalye = 6.0
after 24 hour/ pH = 8.0

gl

W}

Timg—e- )
Hyp.p = 10°¢
HY o asn, = 108
1054109
2
10°8(1+10°%)
2
_ 1oxi0f
- 2
= 050 10°
So, Mean of pH = - log,, {0.505 x 10%)
= - log,,{0.505) + 6
= 0.2067 + 6 = 6.2967

~ Meanol [H'}=

1

Ans. 13 (d}
Total hardness

. 50 50
=Csa mgf!(-z-a]+Mg @g/(x[12)

50 50

= 160% :_4."5+ 10x T 566.67 mghl

Ans. 18 {d)
The MPN {or the combination 4-3-1 is 33 bul
the standard sample sizes are 10 mL, 1.0mL
and .1 mL. The specimen sample sizes are
1.0mL, 0.1 mL and 0.01 mLi.e 10 times less
than standard sampie. Therefore MPN = 33 x

10 =330.

Ans.20 (b}
The sumctal of organic nitrogen and ammonia
nitrogen is catled Kieldahl nitrogen.
Ans.24 (d} .
Total solids = 100 + 200 + 168 + 120 + 111
=689 mg
Fixed dissolved solids
= Total solids ~ 100 = 639 - 100 = 588 mg/L
Ans.26(d)

Carbonate hardness is equal to the iolal
hardness or alkalinily, whichever is lesser.
In this case afkalinity {250 mg/L) is less than
tolathardness {350 mgfL).
Carbanate hardnass = 250 mgfias CaCO,
_ Noncorbonsle hardness is the lotal hardness
In excess of the alkalinily i.e.
Non-carbonale hardness
= Tolal hardnass ~ alkalinity
=350~ 250
= 100mpf. as CaCO,

Ans.30 (¢}
¢
%R = (%)xm
=0.9989 x 100 =89.99%
logR =log 10°-I0g 10°=6-2=4
Ans. 31 (a)
OCF + H* E_. HOCI; K = 1075
Now,
Mo~
[OCr)H*]
pH=75
[H] = 1075

[@] = 1075 % 1075 = 1
ocr

[HOCH] = {OCr]

Free chioring
residpal | =[HOC! +10CH]

Free chiorine residual = 2 mgi!

. . 2x40°
[Free chiorine residual] = Vo, wol Gl



_2x109

= 2x355

=2817x 105 molesi
& 2817 x 10%=[HOCH) + [OCI]

2817x10°5
-z

= 10CH} = [HOCH
= 1.4084 % 10 moles/!

A IOCJ‘} =

Ans.34 (c)
Rivers during monscon season have high
suspended solids concentration in
suspension. This causes highlurbidity,
Ans.35 (b) 5.

ppro: '
ol fluorida are be!pium pm\lentdantai cavities

in children, fron concenlralions of 0.3 moft.
mayaausembwpmbmmhdmsmdard
have dasirable limils ol 0.3  mgit. for iren and
1.5 mgiL for lluoride. Nitrate concentrations
above 45 mgh. may cause blua baby qt;.egse.

.

Ans.37 (a) SR .
Turbidity, bacterial count and iren has no
significant effact on e{hcbency 01 bailér.
Hovrever, hardness causes scaling.

Ans. 41 (b)

Salmonella typhi and Salmonelia paralyphf
{bacieria} cause enteric fever,

Enteric Cyiopathogenic Human Orphan ECHO
{virus) cause assplic meningilis. apidemic
exanthem, infantile diarthoea.

Entamoeba bhistolytica {prolozoa} cause
dimebiasis {amebic dyseniry, amebic enlerilis,
amebic colitis). Echmococcus (helminth}cause
enchinocaceosis (hydlalidosis, granulosis, dog
tapeworm].

Ans.46 {c)
Floceutation basinis used lor formation of flocs
{braugh coagstation. Aller this process
wrbidity Is highast, Primary sedimentation
causes sellling of particles snd turbidily
reduces,

Ans. 47 {4)
CO, reacts vy water to form catbanic acid.

Ans.49 (d)

# nlabolic processes are of two types:

(iy Catlabolismprovides energy for synthasis
of new celfs as well as formaintanance of
other cefl fupctions,

Anabohsm providas the material
necessaryfor cell growth. Whenan extemal
L “tood ‘soure .is Intarrupled lhe organism
" cowiluse slored food for maintenance energy
in_a progass called endogenous
.calabollsm. Enzymes play major role in
: blochem}catreacuonq
i .The chem,cal formula for baclerial cell Is
assume lobe CH,O,N. Crganisms that

N

»

"7t . denveenargyand material fromincrganic

- -gources are called autotrophs, while
-bacteria that oblain both energy and
material from organic compounds are
called heterctrophs. Phototrophts, bacleria

_ which ulilize sunlight for an energy source
and inorganic sub-slances for a material
source, playimponant role in natural waler

‘purification processes.
Ans.50 (d) ‘
Carbonales arefgl$ spluble than bicarbonates.

Bicarbonates begin 1o convert o less soluble
carbonatas at"@ngaﬂes above 8.0. The leas!
soluble forms are calcium carbonate and
magnesium hydroxide. Chemical precipilation
is accomplishad by converting calcium
hardness to calcium carbonate and magnesium
hardness to magnesium hydroxide.

Ans.52 (d}
JTU: Jackson wrbidily unit is a unit of measure
turbidity on silica scale. Other turbidity unils

are NTU (Nephelometric turbidity unit) and FTU
{Formazin Turbidity unil,

The exient of 1asie or odour present in a
panticular sample of water is measured by a
term called odour intensity, which is relaled
with the threshold odour. The (hreshold adour
or threshold odour number, as it is generally
called. represents the dilution ratio al which

the odour is hardly detectable. MPN {Most -

Probable Number) is an index to measure the
coliforms in the lotal walar sample.

Ang.58 {d)
Yirusus are the smallesl btological slruclure,

containing all inforfmz on necessary for its

reproduction. They kY cbttgate parasnes and
as such, require a hosl 0} whlch ] Iive. .

Ans. 59 {(a)

Specific conduclanoe j dqoncentrabon or TOs ’
aranotrelatedon one-lo-one ba.sns “only lonaed N

substances conlribu ]
Organic moleculas ar\d o?’npounds thal
dissolve wilhaut lonlzlng ars ot measured.
Addidenally, the magnhude ol specilic
conduclance is influenced by the valance of
the ions in solulion. there mobnllryand relative
numbers.

Ans.60 (c) e n
The alkalinity presem nn walermay be ol mnnera1
origin. It may ba present due lo almospheric
carbon dioxide mixed in water or due lo
microbial decomposilion of organic matler.
¢

|

CO, + H,0 &= H,CO,

H,CO; == H" + HCO,

HCO, === H'+CO*

Cof‘ + HEO P HCO.,)' +0OH"
Last reaclionis a weak reaciion but utilization
of bicarbonate by algae drives the reaction (o
the righl and hence sulficient accumulation of
[OH] lakes place. Hence il algae is present in
waler, it becomes alkaline.

Ans.61 (b)
Alum is very ellective coagulani for waler
treaiment and {s most commonly used. it is
" “quile cheap, lorms excellent slable floc and
* does nol requlre any skilled supervision.
" - Dastruclion of bacleria by ditferent irealment

processes.
Pracess Per cent ramoval
Coarse screens 0-5
-Fine screens 10-25
Grilchombers - 10-25
Plain sedimentation 25-27
. Chemical coagulation 40-80
Trickling fillers 90-95
Aclivated sludge 90-98
Chilarination 98-99.9
Ans.63(c)

Algae, bactenial elc. lall under biolic category
and air, water and soil fall under ablolic category.



