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Water...

» Vital natural resources which formy-basis of

life.
> 1s a chemical substance Wi the chemical

formula H,O
» found 1 3 states lic solid and gases
» 97% earth surf overed by water

1ts have 60-659% water 1n
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» Water keeps on cycling endlessly throngh

environment “Hydrological cycle

» evaporation or transpir 3“‘@‘2?\
» precipitation &
» condensation @
» runoff Q/é
Y
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CONDENSATION F
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Total water _

Freshwater 2.5%
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Source selection of water
Selecting site for the source of watek-
» Location \2?“’

\
» Elevation of intake p@

» Quantity of &é

> Qualitycﬁwflter
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Sources of water.

™) \ "\ /
JT UL TN T IOV VILITI/\.\ I\




FIGLURE 1
YWater use by source

EFrouncwaEt er

L=
R

=Urface weaEter
g7 e

1O \ AVA'SIYVANImAVAWAL




FIGURE 2

Groundwater utilization by sector
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Where do people get their wate

2% - i

TN Ir a
:r:t?ii I; :‘;:lm N / xu(-n’ Tank/Stream
e R i

| \ N 12
25?? \ | Open well
Public tap r
) e - 18%
| Borewell/
hand pump

17 o 9
Piped water 0& ‘
R e 16%
6 Mim water supply
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Characteristics of surfa

» Physical and chemical character vary.

<
» Contain lot of sand. 0\2?~

» Lot silt and clay. \
» Contain oxygen, zﬂ;@ﬁcterm and other

microbes.

» Proper treati needed before use.
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Characteristics of gro

u (né&water
» Rich 1n mineral content.

.
» High 1ron content. x
» Harder than surface wat Q
» Almost no treatmel@ﬁ:ﬂy disinfection may
require. é
<
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Water requiremen

Determination of total water requircments
g

s [—
11IVOLIVUD~ X

\!

» Water consumptionsaly (Per Capita Demand
n litres per day gx cad)
» Population to&, erved.
> (,_)u;mﬁ_@: Per capita demand x Population
»
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Water Consumption Rate

ALL LAWY P T | W T : L1 7
1 l )ubllc, since there are @]}’ var 1:11)1(, factors

aﬂectmg water tonsump@\
» There are varimz;@ﬁ ol water demands 1n a city.
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» Domestic water demand

4
» Industrial demand X
. l.r;

» Institution and comme demand

» Demand for publig

» Fire demand é

» Loses and S

2
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Domestic water demand

» water requued in the houses for
1’]"‘1!"\]?‘1"1:}‘ ]r\ﬂi" . ];rli r ix 1r \1’1' r ‘I'"
il il 11&1118, L)L , K11 , 111 LU

status, climatic condit and customs of the

» mainly depend% upon tl; )1ts social

people

» As per IS: 117, ﬁ%& under normal
L()Il(lltl()lm& omestic consumption ol water
n Indm out 135 litres/day/capita.
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The details of the domestic consumpagidare

a) Drinking -——-- 5 litres
b) Cooking —- 5 litres \2?
¢) Bathing —-—-- K@

d) Clothes washing --—-- tres

e) Utensils washing $ 0 litres

) House washi 6(7--- 10 Iitres

6 135 litres/day/capita
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Indoor Household Water Use

Lecks 13.7 9% y———Other

\ Toilet 26.8%

Distrweasher 7.94%
Boath 1.7% |

Clothes Washer 21.7 %

Source: Awwa Reseorch Foundation (1999

™) \ ™) \ "\ /
) 1" UL \ JUIVILIT I/ \.\ IV JTV




Industrial demand

mulls, Brewerit?/ 1gar refineries etc. comes
under mdus use.

» The qu:%{y of water demand for industrial

purpose 1§ around 20 to 25% of the total
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Institution and commercial dem

» Universities, Inc;titution, commerc} l‘)uildings
a5l &
dll
buﬂdlug% wfnehouees s% h()tels shopping

ools, temple, cinema

> stations etc comes

y
>
y
>
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Demand for public use

‘P’Qucultlty of water required for pubfic utility

s for washi *glﬁ rinkling on
ro ad% (.lefmulg ol sewers: ering ol public
parks, gardens, public § \mune etc. comes
under public demg#d)

1rDOS f‘l"lf‘ll"‘\
ll }".I oullCll

‘JF\.

ﬂ
d

H—lﬂ

» T'0o meet the w;

lemand for public
use, provisic 5% of the total consumption 1s
made deéﬁg mg the water works for a city.
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The requirements of water for public utihtyg \kall be
taken as...
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Fire demand

=

extinguish 1t,

1el‘efore I @1011 1s made 1n the

water work to supply s lent quantity of water
or keep as reserve e water mains for this
purpose. Q/
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empirical formulae. X

» For Indian con(lition@@lg’s formula gives

satisfactory results.

Q3182 Vp

Mty of water required mn

» Where ‘Q’ 1s ¢
litres/min 0

» ‘P’ 1s pogalation of town or city in thousands
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Loses and wastes

connections.

» While estimats

town; allo

éhe total quantity of water of a
of 15% of total quantity of
water 1s giadde to compensate for losses, thelts
and wastage of water.
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Consumption

Domestic

: s
Consumption 35
Industrial and
Commercial 30)
Demand

Public lTsea

imcluding 20-90 45 10
Dem;{

Lo 1d
45-150 6H2 25
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Water use worldwide
What if developing countries follow their developed churflerparts’

Worid Low- and middie. High income

ineome countnes Q countties

MG 15

mw.u il use
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Water use in India _
Domesti
0

iculture
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Proportion of water consumed in indus

= Ther)@
N

wer plants W Engineering
- .PL% paper m Textiles
m Ste W Sugar
m Fertiliser m Others
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Factors affecting rate of demand
» Size and type of community
» Standard of living 02

» Climatic mnditims




» Development of sewage facility ;

» Metering of water \X

» Cost of water §\

» Industrial and Q;énercizﬂ activities

» System %’%vater supply
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Variation in rate of depfand

Several types of variations:-

» Seasonal variation §\
» Daily variati(m%/é
» Hourly @Qons
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Per capita demand

> I ‘Q’ 1s the total qufmtlty of water equired by

be

» Per capita der = e |1tres/day

&QQ P x 365
%,
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» Per capita demand of the town depends og various
factors like standard of hiving, no. and '

commerclal places i a town etc.
» For an average Indian town, the (&irement of water
1IN various uses 1s as under- x‘ﬂ
Domestic purpose ----- &\ [35 litres/c/d
Industrial use ------% 40 hitres/c/d
Public use --—-- 25 hitres/c/d
15 hitres/c/d
Losses, Wfl‘;{Q 1d thefts - 55 Iitres/c/d

Fire Dem:

Total : 270 lltres capita/day
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Fluctuations in Rate of Defsand

» Average Dally Per Capita Demand
= Quantity Required ilwmlthsﬂ (365 x

Population) Q

» It this average denmnf@plied at all the tmes, 1t

will not be sufficien meet the fluctuations.

» f\[;1'~;innun@:{lrm;nul = 1.8 x average daily demand

9
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» Maximum hourly demand ol maxim v 1.e. Peak
demand
g
x average hourly dN§hand

= 1.5 x Maximum d: m demand/24

=1.5x (1.8 x av }t' daily demand)/24
=92.7x zwer'n%' A1ly demand/24

= 2.7 x an®l"average hourly demand
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Population Forecasting Met

» The various methods adopted for estdting future

populations . Xo

» The particular method to X{'I{}[H.E{l for a particular
case or for a particular; depends largely on the
. methods, and the selection 1s

factors discussed n

left to the discredgndand intelligence of the designer.
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» Arithmetic Increase Method
» Geometric Increase Method

» Incremental Increase Metho

» Decreasing Rate of Growt
» Simple Graphical Met \
» Comparative Gra 9@1 Method
» The master p% ethod
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Arithmetic Increase Met

» This method 1s based on the assumptidef that the

population 1s mcreasmg at a cons Tate.

» The rate of change ot 1}(}[}“]& ﬂulh time 18 constant.

‘The population alfter ‘n @1 es can be determined

by the formula 6
n =P +Q\ where
> P — pupuldtm resent
» n — No. { : ::lea
»C— ﬂm ::1&&*1111111::{1 by the average ol increase
of ‘'n’ dt‘mdu
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J T CIJLIJL TN T I VILIT I/ \.\ I\



Geometric Increase Method

» In this method the average 1
few decades 1s determine

ol ‘n’ decades 1s calculated
/100} where

resent

» The population at th
by- Pn-=P{l
» P — populatioy

> C — aver;@
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Incremental Increase Metho

» This method 1s improvement overthe above

two methods. X
» T'he average mcrease n &th_m[mlatiml 1S
determuned by the ar@etital method and to
-t@gﬂ ol the net mcremental
ach future decade.

this 1s added the ¢

merease once
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Basic terms In water

» Potable water- treated or dismlecdted drinking

g
waler

» Palatable water- at a deggaMe temp. 1.e. free
from objectionable ta&¥, odor, color and

turbidity @
» Contaminate Rﬁl c1- pathogenic bacteria

» Polluted /1{@ undesirable substances

- \ { [ Y1\ /
J I CJ L \ JUJ) VILIT 17 \.\ I\ J1T\

J
»




— SIMRENLSWLRERLQON

Impurities in water

» Rain 1s the principal sources.

g

» Rain water passes atmospheg™Nind dissolved
with different gases, 4
» When reaches grou 11x with particles of silt

and mud,

» Flows towards§mram passes through decaying

ve gt:'-taliw_;{ :
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Classification of impuriti

1. Physical S\Q
9

2. Chemucal an%/é
3. Biulug@]‘}npurilim
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J T JLIJL TN T I VILIT 17 \.\IVJT\

Mainly classified as -



e SIMRENLLSUNLRERLQY

Potable water properties
» Colorless

» Odorless

» Good taste Q§%

» Not L*uu%kl\}urml'ul microbes
()
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Physical quality parami’g\s

» Temperature X’

» Color

S
» Taste and odor %
» Turbidity Q/é

Y,
> Cnnduclia(@)
<
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» Temperature- around 10 °c¢ desirable sgbove

25° ¢ objectionable.
» Color- pure water colorless, color mainly due to

suspended matter (apparensa@ior), due to

dissolved solids (true co

» Color measured n 1 unit, mstrument

named lin[omet&
limit 25.
¥
&
%,
[ \

)1 UL \

Sirable limit b, permissible
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» Taste and odor- pure water odor and gaste less.

» Taste and odor due to dissolved g

» Odor measured by threshold @dor number
(T'ON). \2§~
TON = (A+B)/ A \Q
A= Volun sample m ml
B= VU@E ol distilled water
» For public s & TON below 3.
}OsmmtéQ ised for odor test.
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» Turbidity- cloudiness caused by colloxdal
material such as clay, silt, rock frag ts and
microbes.

. . . &
» Measured light 1s either almq?z?l or scattered

by suspended matter.

» Instrument 1s Turbidat

Low Turbidity —— High Turbidity

) \ ) A ' I\ /
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» Conductivity- gives 1dea about dissolveq solids
In water

» More solids more conductivity

» Measured by conductivity g
> Ave. value of conductivii
ol potable water lesq@
than 2 mhu/r:mQ/é
[ \
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Chemical quality parametgrs

» Total sohds

» Chlondes ,
» Hardness QX
»pH §\

» Alkalinity @

» Acidity Q/@

» Nitrogen a@% compounds

» Metals : other chemical substances

» Dissolyed gases
j =a \ ) f\ NN\ /
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industrial uses.

» Water 1s hiltrated through fine

filter paper, material retamed

on hlter 1s dried and S\

welghed.

» Indirectly measuy

conductivity @ :

9
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» Chlorides- mainly present in form offW\a
chlonde.

» Due to leaching of marine sedyunentary

deposits, pollution from seayf¥ter, industrial

and domestic water.
» 250 mg/L permussibles
» High quantity U@L{}I'idﬁ indicate pollution ol

-age and idustrial waste.

M1L1t.

water due to g
» Determiny
nitrate 3@1 10on using potassium dichromate.

y titration with standard silver
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» Hardness- caused by bicarbonates, caRyonates,

sulphates, chlondes, and nitrates

lclum and
magnesiumn.

g

» Prevents the formation of s formation.

» T'wo types- temporary oX¢arbonate hardness

» Permanent or non »nate hardness.

» Temporary dueddztarbonates and bicarbonates
of Ca and ! Q/

}'Pt‘rmmw& le to presence ol sulphates,
L*hlnriu:l&%uul nitrates of Ca and Mg.
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» Hardness usually expressed m ppm of\Ca
carbonate.

» 75 ppm consider as soft, 200 S?Hp are

erMthan surtace water.

considered as hard.

» Under ground water ha

ale method using ED'TA
d Erio chrome black T

» Determined by vers;
solution lor litrz@x
as indicator. :Q/

» Ground KL more hard than surface water.

- \ [ Y1\ /
J I CJ L \ JUJ) VILIT 17 \.\ I\ J1T\

J
»




— SIMRENLSWLRERLQON

» pH- reciprocal of hydrogen 1on concetggration.
» Indicator of acidity and alkalinity
» Acidic water (-7, alkaline wa\%z.—m.
» Neutral water 7. Q
» Measured i pH metes \

» Permuissible fgdit 6.5 to 7.5, |
» Acidic 1@1 causes corrosion, alkaline causes
sedimentation deposits.
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» Alkalinity- caused by carbonates, bicafRonates

and hydroxides ol Na, Ca and Mg

» Excessive alkalimity causes bitt
taste, sedimentation deposy

11 pipes.
» Expressed m terms of nidL.

» Determined by tilr:-' Ne’the sample against
standard acid (I ) using methyl orange

indicator. QQQ/
(0
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» Acidity- due to presence of mineral aqds, Iree

carbon dioxide, sulphates ol 1ron, ;
alummum m water.

L .| = ’
» Expressed in mg/L ol calcnm??ﬁrhunam.
» Determined by titration \n; standard

» Nitrogen and its pounds- presence of
Nitrogen mdieftes presence ol organic matter.

» Occur as- 0 amimonia, organic
nitrogerfmitrites, nitrates.
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dangerous so limit 15 78.
» Nitrate conc. 1n g@*slic water supply limat

45mg/L. Q/

» MathemoglOMnemia- more nitrate conc.

9
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» Metals and other chemical substanc e, Mn,

Cu, Pb, Cd, Cr, As, F etc. presen ater.

» The amount should be undergermissible limit.
@; 0

» F'e and Mn- should not ex .3 ppm and

0.05 ppm 1n public wate\supply respectively.
@51‘

» Impart color of the

» Fluoride- less that\d.8 - 1.0 ppm causes dental
1ation of cavity.

» Higher thﬁkg.fi ppm cause skeletal fluorosis.
» Limit shofild be 1.0 to 1.5 ppm.
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Severe effects of ﬂuﬂrﬂnhd water:
discoloration, pitfing, cracking and chipping

r@ﬂuoroas Skeletal fluorosis
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» Dissolved gases- Dissolved Oxygen, Garbon

dioxide, Hydrogen sulphide.

» 1DO- from atmosphere or @: activity of
algae. DO related to tengp. High temp. low
DO.

» Minimum 4mg/ ‘essary for fish.
» At 20 ¢ 9.2 and at 30°c¢ 7.6 mg/L.

» More D(Khbrease COITOSIVILY.
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» COo- dissolved from atmosphere, fr

decomposing organic matter.
» Higher CO¢ makes water 3&50 COTITOSIVILY

mncereases. Q

» Higher CO, 11'11parts tast\and odor.

reduction ol 1ate, or by decomposition of

Organic m(k

» 1 1)Iesel1c~?)g1ves rotten egg smell.

) \ ) A "\ /
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» HoS- found i ; 1d water, produced by



Biological quality parameters

» Thousands of biological species {oUrfd on water

sources. .
» Phytoplankton, diatom, ddg;ellate,
» Z.0oplankton §\

» Water plant S
» Water Insect Q§
» Protozoa Q

‘)“Bacterizc.%&.g. nitrifving bacteria)

» Fungi
L) \ ) A AN\ /
1O T TN T UOCVTOTITG OO




Xo
Indian stan(@%s for drinking
water ( I1S-1 &éao 991 )
&
N
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Essential characteristics

| Colour, (Hazen units), Max 5 %
2 Odour Unuhjcc[im@’ o
3 Taste z&grerszthlg -
4 Turbidity (NTU), Max D 10

H pH Value No Relaxation
6 Total Hardness (as CaCo?) 600

mg/L, Max
7 Iron (as Fe) mg/L, Ma 0.3 1.0
8 Chlorides (as Cl) 1 ax. | 250 1000
9 Residual, ﬁv@ue, mg/L, | 0.2 -

Min 6
10 Fluoride (as F) mg/L, Max 1.0 1.5

Y \ ‘ Y A I \ I\ /
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Desirable charactenstcs

11

Dissolved solids mg/L, Max

i2 Calcium (as Ca) mg/L, Max 79 200
13 Magnesium (as mg) mg/L, 30 100
Max

14 Copper (as Cu) mg/L, Max ). (N [.5

15 Manganese (as Mn)mg/L,, 10 0.3

16 Sulfate (as SOY) m 200 400

17 Nitrate (as N , Max 45 No Relaxation
18 unds (as 0.001 0.002

Phenolic £om
C'H O L, Max

L) \
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Mercury (as Hg) mg/L,
Max

0.001

No relaxation

Cadmium (as Cd) mg/L,
Max

elaxation

21 Selenmum (as Se) 0.01 *| No relaxation
mg/L., Max Q

22 Arsenic (as As) mg/L, Max | 0.01 \ No relaxation

23 Cyanide (as CN) mg/L, 7 No relaxation
Max

24 Lead (as Pb) mg/L, 0.05 No relaxation

25 Zinc (as Zn) m ) 15

26 Anionic deerdenss (as 0.2 1.0
MBAS) Max

27 Chromiurff(as Cr®') mg/L, | 0.05 No relaxation

— — — — . S— — ——E—E—N— B8 —8 1

—S——— 8 —— 8 — 8B B % 7]
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Mineral O1l mg/L,
Max
29 | Pesticides mg/L, Max | Absent gv 0.001
30 | Radioactive Materials Q
1. Alpha emtters - \ 0.1
Bq/L, Max &
1. Beta emutters pci/ 1.0
.0 o,
31 | Alkalimity mg/ 200 600
32 | Alummun ] 0.03 (.2
mg/L, %
33 | Boron m#/1., Max 1 D




Bacterological Examination

» Water 1n the distribution system

-

» Ideally, all samples taken fy
system mncluding consur

the distribution
ry premises, should

be free from colifor:

)

not always attainable, and the

DANISS.

» In practice, t
ard of water collected 1n the
(hSD‘ibU@l system 1s therefore recommended

when tested 1n accordance with IS 1622:1981.
[ Y \ [ A I \I\ /
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100 mL;

» No sample should contain

thore than 10
0 mL; and

» No sample should contay
coliform organism p

» Coliform organisihshiould not be detectable 1n

100 mL of m& ) consecutive samples.
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Water-borne
Diseases




Water-borne Diseases

g

Diseases caused by mgedion of water

(()ntamumted by i or animal
excrement, w L()Iltdlﬂ pathogenic
5OTganISMSs.

o&
S
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» Include cholera,

» amoebic and b%*(&ry dysentery and

» opiNdd1arrheal diseases
[ Y '\ AN\ /
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larrheal Diseases

--1 .

1ardiasis (Protozoan)



In addition, water-bornehsease can be
caused by the pollugof of water with

chemicals that have\wn adverse effect on
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» Arsenic
» Fluoride .
» Nitrates [rom fertilizers X
» Carcinogenic pesticide\NDD'T)
» Lead (from pipes
» Heavy Metals
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The Problem

» 809% of mlectious diseases

» > 5 million people die eag

» > 2 milhion die fmn@a

wear
related diarrhea
alone

» Most of those g{%ﬂe small children
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Control & Prevention \




— SIMRENLSWLRERLQON

Education Issues

» Hygiene education
.
» Good nutrition X
» Improvements mm habitag &uul general
sanitation §

» Higher educulim&%ﬂng in water-related 1ssues
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Global Surveillance

e Public health mlrastructure

e Standardized surveillance Aater-borne

disease outbreaks \
* Guidelines must beesxtblished for
mvestigating :.fuugpurting water-borne

diseases :Q/
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General Guidelines

» Properly treatment of water befofgdinnking.
» Water should be properly disigtécted.
» Chlorme commonly uw\@ disinfection.

» Some household me s used for control of

water borne {ll‘al&t boiling ol water,

Res of chlorme tablets.

reverse Uhlll(’]ﬁ%
» Proper flis@ and treatment of domestic and
medicu@m‘*le helps 1n controlling the disease.

- \ L) A f A\ /
J T CIJLIJL TN T I VILIT I77\.\ I\ JT\



and mspected, so to detect any le:

possible source ol contamimatiQn.

<
» Designing water distributiopstem , attempt
should be made to keep ¢¢w¥ér lines and water
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» All water borne disease are infectiois, the
. : *
person attending the such pglggﬁs should wash

his hands with soap and ywaN¢gr every time.

» The fly nuisance r:ihf should be checked
and reduced 1 num by general cleanliness

and using 1@11;1{1:3
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How do people treat their w efore
drinking?

12% «
Do nothing

2% o s i
commercial Cover
Hlte-r

Filter, }b
clﬂ%‘{
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