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f ~ WATER

Much of the ill-health which affects humanity, especially in
ihe developing countries can be traced to lack of safe and
wholesome water supply. Water that is easily accessible,
adequate in quantity, free from contamination, safe and
readily available throughout the year. There can be no state of
positive health and well-being without safe water. Water is not
only a vital environmental factor to all forms of life, but it has
also a great role to play in socio-economic development of

human population. Each country should develop its own
water resources agency which would collect all pertinent data
on water resources, exploitation and hydrogeology. In 1981,

e 34th World Health Assembly in a resolution emphasizer
that safe drinking water is a basic element of “primary hea

IR - f “Health for All by
care” which is the key to the attainment © Development

the year 2000 AD”. More recently, Millennium |

Goals included safe water and sanitation 1IN the attﬂ?}ﬁ

goals. Water is integrated with other PHC compd d
ducation, food an

Use it is an essential part of health e
fulrition, and also MCH.

Safe and wholesome water hould be both

Water intended for human consum
 and wholesome.{This has been

a. free from pathogenic agents
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oW Saned fillratlon of tank water

GEa W atay

Though _tth: source is plentiful, it has g
[t containg 3.3 per cent of salts in solution, Off-s)
the oceans and seas ‘huw 2 snitic ﬂlith!nirau.; 1ore watirs of
36,000 mr_.‘;.‘ll.ttc (3036 o/litre) of dissolved ;::I;::,ll 30,000 to
19,000 mg/litre of ehloride, 10,600 malitre of ¥ including
1,270 mg/litre of magnesium. Desalting and d:“?unllum o
procuss involves heavy expendiiure, It is ado ﬂg&““ﬂ[iauﬂun
where sea water Is the only sousce avallable f4j” in places

real many imitalions.

1. G pund water

Rain water percolating Inte ground constit

i stitutes grou ]
Water used by IIumnns comes mainly from lnﬁrd i':dxf?.""
realized that there is a limit to ground water in the world Eu‘:’
chould withdraw only quantities of water that can be renewid

Ground water is the cheapest and most practical means of
providing water 1o small communities, Ground water s
superior fo surface water, begause the ground isell provides
an effective filtering medium‘flfhu advantages of ground wm,',,
e (1) it I8 likely to be frge from pathogenie agents, (2) i
usually requires no treatment, (3) the supply is likely to be
cortain even during dry season. (4) It is less subject lo
contamination than surface water The disadvantages are.
(1] it is high in mineral content, e, salts ol galclum and
magnesium  which render the water hard (2) It requires
pumping or some arrangement to lift the water (71 The usual

ound water spurces are wells and springs. Wells have been
dassified into shallow and deep wells, dug and tube wells

WELLS
Traditionally wells are an important source of water supply
Even today, they are an important source ol water supply in

T}“;le;‘:fr:"ﬂ;ul;ities. Technically, wells are of two Kinds
it v:;}c deep. (1) Shallow _wells © Shallow wells tap
W I’neer Le. the water from above the first impervious
R ground. They vield limited quantities of water, and
gt s notorlously liable 1o pollution unless care is taken
i wn:ms_tr_uuﬂun {"'l-'gl(ﬂ,‘.lj_wﬂis - A deep well is one which
lmr.! ater from the waler-Bearing stratum below the first

pf:r'-riuui layer In the ground (Fig. 2} Deep wells are usually
machine-dug and may be several hundred metres deep. Deep
wells furnish the safest water, ond are often the most
satislactory sources of water supply.

The points of difference between a shallow well and deep
well are set oul in Table 2.

| SHALLOW \‘rEl:L DEEF w_Eu._ ‘_]

FIG:2
Shallow and deep wells

Most of the wells in India are of the shallow type. Speaking

generally, shallow wells are liable to pollution from

nelghbouring sources of contamination such as latrines,
urinls, drains, cesspools, soakage pits and collections of
manuie. Shallow wells are’ therefore a health hazard 1o the
community if they are not made sanitary. A deep well can also

TABLE 2

w,f'.[.llih rences belwedt nahalin Wi

 Shallow well
Taps the wat
impervious lyer
Moderately hard
Often grossly contam

S
N

1. Definition

2. Chemicol qually
3. Bacteriological 4

4 Yield (-

iy from pbove the first

inoted

| andl Qe .'.-'I‘Il

Deap well

Taps the water from below the first
impurvious layer

Miich hiard

Taps puter water

Provides o sousce of canstant supply

Usually goes dry (n summer
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n n propor site If hi‘ll’;lnr]nl con
. I eonstiucted and choosing of o proj '“"”nm,,
t‘li‘l Omi o hl,.'i._‘r“! h .'."||.-|i H i s O, ey o

v owiell should be located nal h
i LS ard avoldad, the wi H o Thi
net profected against contamination. ARTESIAN WELLS are (60 fawt) from likely sources of "”""""‘|ﬁnluar,hnn by

2 Kind of deep wells in which the water rises above ”'""""'{'Il “:: should ba locoted: at o higher elevagion With | re b
ground water, because It is Beld under pressure between Iw i‘lu-snihla_’ source of contamination, The dintaney 1,70 fy

Impervious strala. Artesian walls o not common i India. wall and the houses of the users should alig he ‘_"jn"l""'.l.-. “,:

Saline intrusion . Near the sea, there s danger of the well |5 situnted Tar away, peaple May ney ln..d’“IM 1
infileation of sea water in to deep wells, This gives a brackish therefore recammended that the wel| should be " loey s Ly
tasto to water and may make the water unfit for domestie use. no user ‘will have & cary walar for MOte than ""dﬂhg

[Eu” !'I'ﬂl'db] f?J {2] .IJNING : Thﬂ' |In|l‘lg of Ih! ""i‘”-‘ ]m M

) ) als ) sifled. according 1o the method of
Wells mav also be classified g bullt of bricks o stones set in cement yp W,

canstruction, into dug wells and fube wells, DUG WELLS are ’ . . to 4 depth Fi
by far the commonest type in India. Two tupes of dug wells 6 m (20 feet) so that water enters from the b

exist in our rural aneas: (a) the unlined katcha well and (b) the not from the sides of the well. The lin 9 shouly 4, ™ ng
masanry or pucca well, [Thu katcha well s a hole dug into the  gp.90 em (2-3 feet] above the ground level, (3 p:%_:
water-bearing stratum. The pucca well Is an open well, buill of WALL : There should be a parapet wall up 4, a helghy 07
bricks or stones. STEP WELLS are a Kind of pucca wells which oot 70-75 ems, (28 Inches) above jhe HH,.
are becoming obsolete, fortunately, Steps are constructed into (4) PLATFORM : There should be a CMENt-Coriepg, blatt
these wells to enable people to descend into the well to fetch round the well extending at least 1 m (3 feey) |y 2l dirgeg ™"
water or quench their thirst. In these wells, there is The platform should have gentle slope Outwarey ony
considerable personal contact between the user and the water. drain built along its edges. (5) DRAIN : There should . |
Some people may even wash their faces, hands and feet pucca drain to carry off spilled water ta a Public drain
which is a common Indian custom. Guineaworm disease |s soakage pit constructed beyond the “cone of liltration’ ("' i
quite a public health problem in areas where step wells are in ~— f drainage) of the well. (6) COVERING - The 10D of the
use, The open dug wells and step wells are a health hazard to should be closed by a cement concrete coyay because g,

the community, of the pollution is intreduced into the well diracyly th'“"ﬂh e
open fop. Studies have shown that mergly covering a |
Impravement of dug wells alone caused a marked improvement in the bacteriq ﬂ':u

The unlined katcha wells may be made sanitary by quality of the water (5). Open wells, therefare, Cafinge
deepening the bottom installing a hand-pump with screan, considered sanitary, however well thay might be cq b
and filling the well with coarse sand up to the waler level, and otherwise. (7) HAND-PUMP : The well should be :;T‘m
with clay above that level, When the material used for filling is with a hand-pump for lifting the water in a sanitary ma
completely consolidated a platform and drainage may be Studies have shown that when a PUMB s fitted thery |,
constructed. marked improvement in the bacteriological quality of ,

Masonry well improvement consists of making the upper  water. The handpump should be of robust constriction o
10 feet or mare of the lining water-tight, raising the lining one  withstand rough handling by the people. There should bg 4
foot above the ground, and providing a reinforced concrete  efficient maintenance service and arrangements o
slab cover at the top. One or more hand-pumps may be  immediate repair if the pumps 90 out of grdey
installed for lifting the water. Special attention should be paid  [8) CONSUMER RESPONSIBILITY - The provision of
to the foundation of the pump to prevent any possible leakage sanitary wells does not guarantee freedom from water-bogmg

of waste water into the well diseases unless the consumers observe certain baie
_ precautions at the individual and family level St
/,/’ANIT&RY WELL cleanliness should be enforced in the vicinity of the well

A sanitary well is one which is properly located, well-  personal ablutions, washing of clothes and animals, and the
canstructed and protected against contamination with a view dumping of refuse and wastes should be prohibited, Ropes
to vield a supply of safe water (Fig. 3). The following points  and buckets from individual homes should not be used ot
should be taken into consideration while constructing sanitary  drawing a supply from the well. Water from the well should be
wells: (1) LOCATION : The first step in well construction is the carried in clean sanitary vessels 1o individual houses All this
requires health education. (9 QUALITY | The physical,
chemical and bacterlological quality of water should conform
1o the acceptable standards of quality of safe and wholesame
water

BE WELLS

Tube wells are successiul as a source of drinking watet In
many parts of India. They vield water which is bactes inlogically
safe, and are also cheap in comparison to other sources of
supply. Shallow tube wells or *driven wells" have become the
largest individual source of water supply to the rural community.
The tube well consists of a plpe (usually galvanized fron) sunk
Into the water-bearing stratum and fittecl with a strainer al the
bottom, an a hand-pump at the top, A water-tight concrets

IR e

A T

(5]
- platform with a drain all round should be provided. The aid
= Within 15 m of the tube well should be kept free from pollution
- with liquid and solid wastes. The hand-pump should be keptin
. 2oe dail ) good repair. The life of the tube wall Is not the same everywher,
FIG, 3 Itvaries from place to place depending upon the ype of straié,

quality of underground water and the nature of soil. An averag®

Sanitary apen well
sl well may last for a period of & to 10 yiars; i some cases
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ransmitted because. of in

ome dlseases are
water like shigellosis, tfrachoma and 1:-:1njn.«;m:|1vnpu;|~;_,,i

5cahie's (10}, : VLl
(@) Some diseases are related to the disease ¢
breeding in or near water like : malaria, filaria,
onchocereiasis, African trypannsumlam (oL - 0
While pollution seems to be an inevitable conse
mnodern industrial technology, the problem, now, is to determi
the level of pollution that permits economic and s

development without presenting hazards to hea
evaluation of the health effects of anulrunmthial po Ium
currently being carried out as patt of the WHO O Environmental

Health Criteria Programme.

WATER POLLUTION LAW

In India, water pollution is becoming a serious proble
protect water from being contaminated, Fa:l‘llmr:
passed the Water [Prevention and of Po
Act seeks to provide legal d

W“ﬁﬂmng poiluuan

mﬁzglnhﬂﬂﬂﬂn of water is of gmm jmmrhm m LA
e It may l:m *ﬂﬁd&gd umietma Haadings




wring staora |h he path

nganisings gradually die qur. i is
lound that whien river walar |

tored the tdtal bactenal count
dops By ax much as 90 per cert in'the first 5.7 cays. This is one
[t Ireatest benefits of storage, [The optimum perlod of
| orage o river water is "Jii"--!ll'.'l;'l‘l |.l.li h-.' .Lhtu_.l Il]]."" -Idl.':.' I!
he water Mored tor long perivds, there s ‘_I-hu.‘h-:ﬁ;l-l.] of
’ T nent aetally

1 jrowths such' as algae which imparl a
114 el colour e '.;_-.|||_'9

| (1) FILTRATION

| Flltration is the secand stane'in the purification of water. and

Iuite an important stage becausel 980G per cent of the bacteria

ate removed by filtration, Japart fom othier impurities. Two types

i Allters are in use. the'b ological” ar “slow sand’ flters and
ridpicl sand

thiese hilters

mechanical” filters, A briel description of
I8 QIven below
|

1/5LOW SAND OR BIOLOGICAL FILTERS (11)

low sand TR Were Tl used lor waler freatment in 1804
A

BREEPRS Tl Lim

i BT sibbseguently In London

SCOtarg

During the 19th
:-r\--1-| throughout! the warld, Even 1ocay, l]n'El_.l'
standard

'I [N
|

are generaliy pecepled as Lhi mithod of water

Elements of a slow sand filier
Fig 4 shows In disgrammatic form. the various elements of a
slow sand filler, | ssantially these consist of
L4 “.'uz;hr':urjt.n'll Jrawe) water
(&) 4 bed ol graded sand

A3'an under-drainage system: and

{Ha sustlem of filter control valves

| Supernatant waler
[he supernatant water above the sand bed, whose depth
vdies from 1 to T.5 metre m'iinpurlant purposes - it
provides a constant head ol walér 30 a5 o overcome Lhe
| Tesistance of (he TITEr Beramd ™evby promote the downward
flow of water through the sand bed: and secondly, it provides
[ waiting period of some hours (3 to 12 hours, depending upon

1
The Tlralion velocity] Tor ihe raw water to undergo partial

purification Ly t—);}dﬁliﬂll'l and parlicle
agalomeranony THE Teval of supernatant walter Is always kept

FONSIART. :'J ;
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(2] Sand bed

The mosi Important part of the filler Is the sand bed The
thickness of the sand bed s about 1 metre. The sand grains arc
carefully chosen so that they are preferably rounded and have
an “eflective diameter” between 0.2 and 0.3 mm. The sand
should be clean and free from clay and arganic matler. The sand
bed is supported by a layer of graded gravel {Fig. 5), 30-40 cm
deep which also prevents the fine grains being carried into the
drainage pipes

+ FILTER
4 SAND
viap COARSE
SAND

by T
FINE
GRAVEL

b COARSE
GRAVEL

FIG 5
Section of filter bed

The sand bed presents a vast surface area; ane cubic metre of
filter sand presents some 15,000 sq. metres of surface area,
Water percolates through the sand bed very slowly (& process
taking two hours or more), and as it does so, (1 |s subjected to a
number of purification processes — mechanical straining,
sedimentation, adsorplion, oxidation and bacterial m:li02 all
playing their patl. The designed rate of filtration of <ater
normally fies between 0.1 and 0.4 m3/hour/per square metre of
sand bed surfac

Z Vital layer . When the filter Is newly laid, it ucts merely as a
mechanical strainer, and cannot truly be considered as
“biological”. But very soon, the surface of the sand bed gets
covared with a slimy growth known-as “Schmutzdecke”, vital
layer, zoogleal layer or biological layer. This Tayer & slimy and
gelatinous and consists af threadlike algae and numerous forms
of life including plankton, diatoms and bacteria. The fermation
of vital layer is known as "ripening” of the Llter. It may fake
sevaral days for the vital layer to form fully Jand when fully
formed it extends for 2 to 3 cm inta the 16p p6rtion of the sand

K
q}j." g - Scum outlet
| C¥ A
| - Weir and
F Outlet chamber
e
Sand Bed
' Porous bottom
B o k
A Raw waler Inlot G Venturl meler WHO 915'55
* B Suparnatan! watien to waste H  Rate of flow control valve i _
C Filterod water lor backlilling 1 Fillmed water (0 waste To traln =
I EF Dirain valves J  Filtered water to/clear well :

FIG.4



bed. The vital laver is the “heart”™ of the slow sand filter. It
removes omanic matior. holds back bacteria and oxidizes
ammaniacal nitrogen into nitrates and helps in yielding o
bacteria -free wnlu§ Until the vital layer is fully formed, the first
few days filtrate is Weually run to waste

(34 Under -drainage system

(:1 the bottom of the filter bed is the under-drainage system.
It qensists of porous or perforated pipes which serve the dual
purpose of providing an outlet for fillered water, and supporting
the filter medium abm’lé Once the filter hed has been laid, the
under - drainage system €annot be seen.

Filter box - The first 3 elements (e.g. supernatant water, sand
bed and under drainage system) are contained in the filter box.
The filter box is an open box, usually rectangular in shape, from
2.5 1o 4 metres deep and is bullt wholly or partly below ground.
The walls may be made of stone, brick or cement. The filter box
consists {ram lop to bottom

Supernatant water I'to 1.5 metre
Sand bed 1.2 metre
Gravel support 0.30 metre
Filter bottom 0.16 metre

{4) Filter control

The filter is equipped with certain valves and devices which
nre incorporated in the outlet-pipe system. The purpose of these
devices Is to maintain a constant rate ol filtration. An important
caomponant of the regulation system is the “Venturi meter” (Fig.
4) which measures the bed resistance or "loss of head™. When
the resistance builds up, the operator opens the regulating valve
s0-as (o maintain a steady rate 'of filtration. When the *loss of
hitad” exceeds 1.3 metre it is uneconomical to un the filter

Fllter elegning . Normally the filter may run for weeks or even
months without cleaning. When the bed resistance increases to
such an exient that the regulating valve has lo be kept fully
open, it Is time o clean the filter bed, since any further increase
in resistance is bound {o reduce the filtration rate. At this stage,
the supernatant water is drained off, and the sand bed is cleaned
by “scraping” off the top partion of the sand layer to a depth of
1 ar 2 em: This operation may be carried out by unskilled
Iabourers using hand tools or by mechanical equipment. After
several years ol operation, and say 20 or 30 scrapings, the
thickness of the sand béd will have reduced to about 0.5 1o 0.8
metre. Then the plant is closed down and a new bed is

cunstrugted.
\/’1{ aduvantages of a slow sand filter are : Mmple to
t-'—--..l_.?-

Consiruct and operaie & tosT of tonstfuction is cheaper
than that of rapid sand filters j37 the physical, chemical and

bacteriological quality of fiitered water is very high. When

working ideally, slow sand filters have been shown to reduce
total bacterial counts by 99.9 to 99,99 per cent and E. coli by 99
to 99.9 per cent

Inrecent years, amistaken ideahasgrown thatbiological or siow
sand filtration is an old fashioned, outdated method of water

Mixing Flocculation

A9 ENVIRUNMEN | AND HEALTH e —

shich has been completely wm
o s definitely not the case. Slow sand
of water purification in a :
well as urban areas. In a number
sand filters have recenily been eo

freatm My
filtration. Ih

the chosen muthud
industrialized citigs as
{1.5 and Europe, slow

RAPID SAND OR MECHANICAL FILTERS

1 installed in the

_ the first rapid sand filters were in k.
Sinlc'::l?]?:r time, they hu_w_e gained h&nnsiderahh _
especially in highly industrialized cnun. es . 1 o
Rapid sand filters are of two type{sé gthe g;a:s 9P eq :

I d the pressurg ; :Bﬁ”
Pnl:ﬂt;;::::l;;a:se. = Tollowing steps are involved in the

- : : 6.
surification of water by rapid sand filters ”::it ireated wilhin

: ion' : ter is
[1) Coagulation : The raw wa i
che 1I|'ue;l coagulant suchras alum, the dose ol %E;Eﬁmm'?s h'um“d
LS—dﬁmg or more per litre, depending uFﬂ: he u %&piﬂ
colour, temperature and the value of the ' ap

mixing - The freated water is then su jected to violent agimﬂ?;ll
in a “mixing chamber” for a few minutes. This allows a gquic

and tharough dissemination of alum thraughout the bulk of the

i ' lation : The next phase
water, which is very necessary. !S?‘Fl'uccu _ Lpes _
involves a slow and gentle stirring of the eated walter in a .

“flocculation chamber” for about 30 minutes  The mechanical

type of flocculator is the most widely use rl: e‘?]:’:i;‘idtgh: I

i tate at 2 to 4 Tp il
number of paddles which rota Ehﬁ slow and gentle stirring. ih-n!

rotate with the help of motors. i i) .
results in the formation of a Ihnl! copious, white floceulant _ 1 ‘

recipitate of aluminium hydroxide) The thicker the precipitate 1}

El‘ poch diameter. the greater the settling velocity. |
Sedimentation - The coagulated water is now le i

sedimentation tanks where it is detained for periods
from 2-6 hours when the flocculent precipitate togethi i
impurities and bacteria settle down in the tank. Al least 2o per
cent of the flocculent precipitate needs to be rgmo
water is admitted into the rapid sand ﬁ] (Th
sludge which settles at the bottom is removed-fre
without disturbing the operation of the tank
-maintenance, the tanks should be cleaned regularly

time, otherwise they may becor na a breeding L
molluscs and sponges. (87 Filtration : The parily clarified wateris
now subjected to rapid sand filtration.

Filter beds : ¥ ' "

Chamber chambier
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)
(i SINFECTION
For n chemical or an agent to be potantislly usaful as a

disinfectant in water supplies, it has to sotiafy the following
criteria |

‘Llﬂ"'-i should be capable of destroying the pulht-gfani:
organisms presant, within the contact lime avai :
and not unduly influenced by the range of physical
and chemical properties of water encountered
particularly  temperature,  pH  and mlﬁm’lﬁ

constituernts; dq"
7 should not leave products of reoction which ren

b /}b}— the water toxic or impart colour or ofhmwlumaﬁtit

A view of a rapid sand filter unpotable; Y

Filtrati (¢l have ready and dependable availability at reasonable

isbad . _ /dﬂ cost  permitting convenient, safe and ai:curqll-
dA-; llltirauon piro]?eds.k the "alum -floc” nmf removed by application to water,

sedimentation is held back on the sand bed. It forms a slimy A b

laver comparable to the zoogleal layer in the slow sand filters. It M ossess the PIopEy ,nf ! eaﬂng;:;:g&tl;’::ﬂnéﬂ ¥

adsorbs bacteria from the water and effects purification,
Oxidation of ammonia also takes place during the passage of
water through the filters. As filtration proceeds, the suspended

to deal with smu]i poﬁl

- : i cqsnc”ntmﬂ 5n
impurities and bacteria clog the filters. The filters soon become i
dirty and begin 10 lose their efficiency. When the “loss of head" Efﬁﬁfﬂ"ﬂv cl‘tl‘miismfénﬂ N :
approaches 7-8 feel, filtration is stopped and the filters are In water works: m‘“ﬂ%*hﬂ’ term. diﬂnlﬂﬂﬂﬂ hm
subjected to a washing process known as "back-washing”. with. ﬁhIUﬂTl&ﬂﬂﬂ a
Back ~washing ml——‘sﬂmmm 10 ‘

Rapid sand filters need frequent washing dally or weekly,
depending upon the loss of headzw.zshlng is accomplished by
reversing the flow of water throughthe sand bed, which is called
“back-washing”.) Back washing dislodges the impurities and
cleans up the sapfl bed . The washing is stopped when clear sand {s

visible and the wash water is sufficiently clear. The who‘le ProCess
of washing takes about 15 minutes. In some. rapid sand filters,
compressed air s used as part of the back- wushing prm:ams.

Adpantages

=~ The adventages of a rapid sand filter aver the slow sand filter
are - (L-fapid sand filter can deal.with raw wa ). Ne
pralimisary slotage |s needed e filter beds occupy le @
(3Miliration is rapid, 40-50 times that of & slow sand ﬂitev'[&l- ‘the

washing ef the filter is easy (5Mhere ismore ﬂembillty in-ﬂb!raﬂol't '

Cemparison of rapid and slow sand filters
The main features of rapid and slow sand filters are given in
Tabled.
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=~ The adventages of a rapid sand filter aver the slow sand filter
are - (L-fapid sand filter can deal.with raw wa ). Ne
pralimisary slotage |s needed e filter beds occupy le @
(3Miliration is rapid, 40-50 times that of & slow sand ﬂitev'[&l- ‘the

washing ef the filter is easy (5Mhere ismore ﬂembillty in-ﬂb!raﬂol't '

Cemparison of rapid and slow sand filters
The main features of rapid and slow sand filters are given in
Tabled.
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Wor waker disintection wctive (7050 timas) than the
hutstse lorite ion. TUhtavine acts bost as-y disinfectant \\'l'lt""- ﬂ]"
ni ool wato around 7 becavse of the predominance ol
hupochloraus acid When the pH value exceeds 8.5 1t s
A l‘.'l-,'!h.\.-‘ln' AN A dEmiecTant 1‘!-'1..\\15“ .'||"L"|I| '"] e il "1 Ih"
"!'L"E"'\’i'\'r‘.l"l OUE A aals by |".},'1h.'n]'||t1l.ﬂif H."h-j |-| I8
bartunate that moeat waters have o pH value batween § D

Feis Thi mere addition of chlorine 1o
water i not chlornation. There are certaiy rules which should be
obwyed In order B enstine propar chilorination #7 Firstof all, (he -
water 1o be chlorinated should be clear and free rom turbidity;

b e e elt

LS

PO

wipdes of chlorinarkon

Turbidite  impedes  efficient chionnation (2] Secondly, (he
~chisting_demand” of the water should be L’s.hnmlL‘L'l.C' e
chlorine demand ofwater 1s Lhe dillerence bebween the amohnt of

chloine added o the water, and the amount of vesidual chlorine
remaiming at the end of a specific period of contact (1 'ills'!"y 60
minutes), at a given temperatire and pH of the wuier'rj In other
words, It ls the amount of chlorine that i€ needed to destroy
bactetia, and to oxidize all the grganic matter and ammaniacal
substances present in the '.l.'dh‘r.E'hv point at which the chlorine
demand of the water is metis called the ‘brenh—pmnﬂli further
chlonne isadded beyond the break point, free chlorine{HOC| and
OCH) begins to appcar i the walter (3) Thirdly the contact period,
The presence of free residual chlorine for a contactperiod of atleast
one hour s essential to kill bacteria and uirusc;? (20), It should be
noted however, that chlorine has no effect ol spores, protozoal
cvstsand halminthic ova. exceptin higherdoses. heminimum
ecommynded concentration of free chlorine 120.5 mg/L for one
hout| 13;. The free residual chlorine providesa margin of salety
azainst Subsequent miciobial confamination such as may occur
during storage and distribution. (5) The sum ‘ol the chlorine
demand of the specific water plus the free residual chlorine of 0.5
mg/L constitvtes the comect dose of chlarine to.beapplied,

METHOD OF CHLORINATION
For disinfecting large badies of water, chlorine is applied

either as L}.}’E‘}‘ulunqd gas g,}"gm:uj,mr é})’pemhiuron.
Chlarme Gas T8 the first choice, because it is Ehedp, quck
action, efficient and vasv to apply. Since chlorine-gas is an
nritani to the eyes and poasonous, a special equipment-known
as “chlorinaiing equipment” is required to apply chlorine gas to
water supplies. Paterson's chloronome is one such device 'for
measuring, requlating and administering gasegus chlorine to
water supplies. In some water treatment plants, they use
chioramine instead of chlorine gas. Chloramines are: loose
compounds of chlonne and ammonia. They have a less
wndency to produce chlorinous tastes and give a mere
pasistent type of residual chlorine. The greatest drawback of
chloramines is that they have a slower action than chlorine and
thereiore thev are nol being used to any great extent in water
treatment. Perchledon or high lest hypochlorite (HITH.) is 2
calcinm compound which carries G0-70 per cent of available
chlorine. Solutians prepared from H T.H. are also used for water
disinfection . As mentioned already, chlorine gas-has replaced all
the other chlorine dervatives in the disinfection of urban water
supphes

B REAK POINT CHLORINATION

The addition of chlonne to ammenia in water produces
chloramines which do not have the same efficlency as frae
chlorine. If the chlorine dese [n the water! is increased, a
reductian in the residual chlerine occurs, due to the destruction
of chloramine by the added chlarine. The end products do not
represent any residual chiorine. This fall in residual chlorine will
continue with further increase in chlorine dose and after a stage,
the residual chlorine begins 'to increase in proportion o 'the
added dose of chlorine, This point at which the residual chlorine:
appears and when all combined chlorines have been completely
destroved is the breakpoint and corresponding dosage is the
breakpoint dosage. Breakpoint chlorination achieves the same

alfon in @ rational manner

srehilorin and -
il icdygh ontrolled superchlorination (4

msults 0% A8
consliued as

flierelom be

i TION
SUPERCHLORINATI _.
Supert Ilarination |n|'||,m..lu(| by d:r|_'|‘|.|f.lrl11ln'lliﬁ1‘|. Cﬂmm !
.I|E'|::n of large doses ol chlorine to the wu;rurl,j.-lm mlm
b { chlorine after disinfection, this method Is appiicablgy
Hebylly pall lity fluctuates greatlyy =

heavily polluted waters whose gua
ORTHOTOLIDINE (OT) TEST | L thml“; /,:
el prables Both free and comuined € i
Orthotolidine test enables bo e ey At 0\{

waler 1o be delermined with spe
developed in 1918 The reagen

i solve [ percer
O -tolidine, dissalved in 107 : !
When this reagent Is added to walter contalining chloring, it lurns

yiellow and the intensity of the colout varigs with the ::or;canlr;;tn[:dn |
ofthegas Thevellow colourisproduced by hoth free ane Cﬂml e
chlarineresiduals OT reacts with free chlorineinstantaneousiy bul

reacts more slowly with combined chlarine (12)

The test is carried out by adding 0.1 ml of the reagent ta 1 ml
of water. The vellow colour produced I8 matched  against
suitable standards or colour discs. Commercial equipment 1s
available for this purpose. If s essential to take the reading i
within 10 seconds after the addition of the reagent to estimate il
free chliorine in water {14]. The colour Ihail is produced after a
lapse, say 15-20 minutes, is due to the action of both free and

combined chlorine.

ORTHOTOLIDINE-ARSENITE (OTA) TEST

This is a modification of the OT test to determine the free and i
combined chlorine residuals separately (13, 14, 15]. Further, the
errors caused by the presence of interfering substances such as
nitrites, iron and manganese all of which produce a yellow l
calour with o-tolidine, are overcome by the OTA test (12). '

Other Agents

While chlorine continues to be the mest commonly used
sterilizing agent because of its germicidal properties and the
comparatively low cost and ease of application, its pre-eminance
in water disinfection Is being seriously challenged because of the
discovery that chlorination of water can lead to the lormation of
many “halegenated compounds” some of which arz elther
known or suspected carcinogens. As a result, many chlorine
alternatives are recelving renewed interest, These include
bromine, bromine-chloride, lodine and chlarine diexide- but
these do not seem to present a viable alternative to chlorine at
the present time. Ozone Is showing the greatest pramise, and
ultra-vinlet irradiation’s limiled usefulness as complimentary
agents for chlorine In water disinfection,

(a) DZONATION : Ozone is a relatively unstable gas, It s a
powerful oxidizing agent. [t eliminates undesirable odour, taste |
and colour, and removes all chlorine from the water. Most
importantly, ozone has a strang virucidal effect. It inaclivates
viruses in a matter of seconds, whergas minufes are required 1o
inactivate them with either chlorine or lodine. This has i
prompted many municipalities to consider ozone for potable
water treatment. More than 1000 municipal water treatmant
plants around the world are using ozone, the oldest of these is in
France, which has been in operation since 1906 (16),

The drawback of ozone is that after it has done ls job, it
decomposes and disappears. There is no residual germicidal
effect. The current thinking is that nzone should be used as a
pre-treatment of water to destroy not only viruses and bact
but also arganic compounds tha !
chloro-organic compounds that
carefully controlled minimum
water before It {5 pumped inlo
ozonation is usually employed.
In this combined treatment, th

t consists of analytical grada
it solution of hydraehloric ackd:
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other taking advantage of the hest fe
orane dosage required for pot
0:2t0 1.8 mg per litre (17)

(b} ULTRANVIOLET IRRADIATION : Getmicid

| e -
WV ral= have Been recognised Tor many vears. UV irradiation s

effective against most microorganisms: knewn 1o contaminate
water supplies including viruses,

mures of each (16). The
able water treatment varies from

al property of

This method of disinfection invelves the exposure of a film of
water, upto about 120 mm thick, b bne of several quartz
nwmluy Vapour arc lamps-emitting ullraviolet radiation at a

| w.l\n:w.m_]!fll in the range of 200 10 295 mm, Applications are
| limited lo individual or institutional systems, The water should

be free fram turbidity and suspended or colloidal constituents
for efficient disinfection.

The advantages are that the exposure is for short periad. na
forelan matter introduced and no taste and odour produced
Overexposure does nol result in any harmful effecis. The
disadvantages are that no residual effect is available and there js
a lack of a rapid field test for assessing the freatment efficlency.
mareover, the apparatus neaded is expensive (4) -

2. Purification of water on a small scale

(1} Household purification of water

I Three methods are generally available for purifving water on
| an individual or domestic scale. These methods can be used
i singly of in combination.

bwﬂ'ﬂlumu
!Emhng s a satigﬂlmp method of purifying watw) for
[+]

%

household purposes be effective, the water must be brought
te a "rolling boll™ for 5710 10 minutes) It kills all bacteria, spores,
cysts and ova and yields sierilized Waler. Boiling also removes
temporary hardness by deiving off carbon dioxide and
precipitating the caleigm carbonate, The tasle of water is altered,
but this Is halmleas.lwm[e boiling Is an excellent method of
purifying water, it offers no “residual profection” against
sibsequent microbial -:unfammarmnjw.rrer should be boiled
{ preferably in the same container in Which it is to be stored to
‘ avoid cantamination during storage.

(MHEMIEAL DISINFECTION

. [ leaching Powder : Bleaching powder or chlorinated lime
| (CaOCL,) is a white amorphous powdeér with a pungent smell of
Chtoviie, When freshly made, it contains about 33 per cent of
“avallable chlorine”. It is, however, an unstable compeund. On
exposure 1o air, light and moisture, it rapidly loses its chlorine
conteni. But when mixed with excess of lime; it retains its
i strength; this is called “stabilized bleach ™ Bleaching powder
should be stored in a dark, cool, dry place in a closed container

powder stocks should be frequently checked

Appendix [Il gives in a tabular form the ameunt of bleaching
powder required to disinfect certain quantities of water, The
principle in ehlorination is to ensure a “free” residual chlorine of
0.5 ma/litre at the end of one hour contact, Highly polluted and
turhid waters aré not suited for direct chlarination.

,_Wﬁiarme solution © Chlorine solution may be prepared
from bleaching powder. If 4 ka of bleaching powder with 25 per

cent available chloring is mixed with 20 litres of water, it 1!!'“'.

give a 5 per cent solution of chlorine (13). Ready-made chlorine
solutions in different strengths are also available in the market.
Like bleaching powder, the chlorine solution is subject to losses
on exposure fo light or on prolonged storage, The solution
should be kept in a dark, cool and dry place in a closed

cantainer
ma hypochlorite ; High test hypochlorite (HTH) or

| that is resistant to corrosion. The chlorine content of bleaching

perchloron is.a calcium compaund which cantains 60 (4 70 per
cent available chlarine. I is more stable than bleaching powder
and deteriorates much less on starage. Solutions prepared from
HTH are also used for waler disinfection. Appendix il
(page 510) shows the amount of HTH needed fo disinfect
certain quantities of water.

hlorine tablets : under wvarious trade names (viz,,
halazane tahlets) are available in the markel They are quite
good  for disinfecting small quantities of water, but they are
costly,. The Mational Environmental Engineering Research
Institute, Nagptir has formulated a new tupe of chlorine tablet
which is 15 times betfer than ordinary halogen tablets, These
tablets are manufactured in various strengths and are now
available-in plenty in the Indian market at'a chzap rata. A single
lablet of 0 & g is sufficient to disinfect 20 litres aof water

_tatTodine : lodine may be used for emergency disinfection of
water. Two drops of 2 per cent ethanol selution of iodine will
suffice for one litre of clear water. A contact time of 20 to 30
minutes & needed for effective disinfection. lodine does not
react with ammonia or organic éompounds to any great extent;
henee it remains in its active molecular form, over a/wide range
of pH values and water conditions and persists longer than
either chlarine or bromine. lodine is unlikely to become a
municipal water supply disinfactant in a broad sense High costs
and the fact that the element is physiclogically active (thyroid
activiiy) are ils major disadvantages (17]. .

tassium permaongonate . Onece widely weed It is no
lohger recommended for water disinfection. Although a
powerlul oxidizing agent, it is not a salisiactory agant for
disinfecting water. 1t may kill cholera vibrios, but is of litlle use
against other disease arganisms(15). It has other draw-backs,
too, such as altering the colour, smell and taste of water.

{c) FILTRATION

Q’u":iet can be purified on a small scale by filtering through
ceramic filters such as Pysteur Chamberland filter, Berkefeld
filter and “Katadyn" Hhe;‘}The essential part of a filler is the
“candle” which is made of porcelain in the Chamberland type,
and of kieselgurh or infusorial earth in the Berkefeld filter
(Fig.8) In the Katadyn filter, the surface of the filter is coated
with a silver catalyst 2o thal bacterda coming i contacl with the
surface are killed by the “oligodunamic’ action of the silver lons,
which are liberated into the water, Filter candles of the fine type
usually remove bacteriae found in drinking water, but not the
filter—passing viruses. Filler candles are liable lo be lagaed with
impurities and bacteriae. They should be cleaned by serubbing
with a hard brush under running water and boiled at least once a
week. Only clean water should be used with ceramic filters.
Although ceramie filters are effective in purifying water, they are
not quite suitable for widespread tse under Indian eonditions.
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(2) Mstnlectlion of wirlls

Whatlle vt e mmin soiice of wishif supiply in the rural areas
The noed often arives 10 diginfect theny. sometinies ”“. noIMass
seale. diving epidemics of cholera and gastroenteritis, The most
ollechive choapest method o disinfecting wells s by
bleaching powster, Pobossiiom permanganate should not be used,
ax kIS el a atistactory disinfecting agent

STERS INWELL DISINFECTION

(1] Fine the volume of iater in o el
(h] melre
{d) melre

) Muasure the depth of wister column
(B) Muasure the dipmetor of wel|

Take the average of severnl reatdings of the above

mMeasuriments

tc) Substittte b and din
I Kodh KN

) x 1000

Malume (|1tres)

1d) One cubic metre = 1,000 1o of water

(2] Find the amourit of bleaching powder required for
disinfection

Estimate the chlorine demand of the well water by
“Horrock's Apparatus (vide Annex 1] and caleulate the amount
of bleaching powder required to disinfect the well. Annex llI
gives the amount of chemicals needed to disinfect water for
drinking, Roughly, 2.5 grams of good quality bleaching powder
would be required to disinfect 1.000 litres of water, This will glve
an approximate dose of 0.7 mg of applied chlorine per litre of
Wit

(3) Dissalve bleaching powder i lirater

The bleaching powder required for disinfecting the well is
placed in a bucket [(not more than 100 g In one bucket of water)
and made into a thin paste. More water Is added il the bucket is
nearly three—fourths full. The conlent are stirred well, and
allowed to sediment for 5 1o 10 minutes when lime settles down,
The supernatant solution whish is chibrine solution is transferred
to another buckel, and the chalk of lime is discarded. (Note ;| the
lime sediment should not be poured into the well, as it increases
the hardness of well water),

(4} Dellvery of chlorine selution into the well

The bucket containing the chlorine solution is lowered Some
distance below the water surface, and the. well water is agitated
by moving the bucket violently both vertically and laterally. This
should be done several limes o that the chlorine salution mixes
Intimately with the water inside the wall

(5) Contact poriod

A contact period of ane hour is allowed befare the water is
drawn for Lse

(6] Orthotalidine arsenite tes

It is good practice o test for residual chlorine at the end of
ong hour contact. If the “free” residual chlorine level is less than
O.g mglitre, the chlorination procedure should ba repeate
befare any water is drawn. Wells are best disinfected at night
after the day's draw olff During epidemics of cholera, wells
should be disinfected every day,

THE DOUBLE POT METHOD ¢ 13, 14)

During an emergency, it is desirable to ensure a constani
dosage of chlgrine 1o well water. Several simple and effective
methods have been devised for thie purpose, of which the pot
méthod of chlorination is one which has been used with success
invarious colintries. The double pat method 5 an Improvement

. al Environmantal Engingering §
lhmm”'. l1I‘«Iu 11::‘InrN‘I‘|1:I}}!f1| \ [his method e ny“"..
In'»lllh:fr:t[:{I'”NH‘; ihe other. The Inside height and g,
!:E;L| ’I”‘I"-L-tl 20 cm respedtively, ,I'" the outar pot. & holgie
;Ilnriuum Is made (neach pot; In the |r|r3-3!1 ﬂﬁ': Il?flhgl! it
upper portion, near the tm and in the o-iter pot it in &gy -

the botlom

HOLE
1 CM DIA
v N
BLEACHING 3
POWDER &
HOLE
1 CM DIA

4§ M

Flgs 9
Paubie pot

A mixture of 1 kg of bleaching powder and 2 kg of coarse
sand [approx. 2 mm in diameter) is prepared and slightly
molstened with water. The inner pot Is filled with this mixture up
to 3 cm below the level of the hole. The inner pot is intraduced
into the outer one, and the mouth of the latter closed with
polyethylene foil. The use of two pots makes it possible to have
larger holes without the risk of over chlorination,

The double pot is lowered into the well by means of a rope
altached to the well kerb. The pet should be immersed at least
1 m below the water level to prevent damage by the buckets
used for drawing water, It has been found that this device warks
satisfactarily for 2-3 weeks in small household wells canfaining
about 4,500 litres of water and having a draw-off rate of 360-
450 litres per day,

WATER QUALITY-CRITERIA AND STANDARDS

The quest for pure water dates back lo antiquity. In modern
times, It has led lo the formulation of specific standards to
pravide a basis for judaing the quality of water. These standards
are exposure limits for bacteriological, viral, chemical and
physical agents thal have heen adopted by governments or
appropriate authorities and therefore have legal force. The
purpose of standards is to minimise all the known health
harards, since it is obviously impassible to prevent all pollution.

The WHO has published in 1993 val. 1 and in 1996 vol. 2 of
second edition of guideline for drinking water quality intended-
for use by counlries as a basis for the development of standards,
which, If properly implemented, will ensure the safety of
drinking water supplies. In order to define standards, it is
necessary to consider these recommendations in the context of
prevailing environmental, social, economic and cultural
conditions. These guidelines are intended to supersede the
guidelines for drinking water published in 1984 (19). '

The guidelines for drinking water quality recommended by
WHO (1993 and 1996) relate lo following variables :
/ Acceptabllity aspects
M Microbiological aspects
Al Chemical aspects ,
I Radiological aspects i o
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LACCEPTABILITY ASPECTS

AFPhysical parameters

_,f. The n:ﬂu_mrj; consumer judges the water Qualite by its physical
characteristics, The provision ofdrinking water that is not onls safe
'but aF.m pleasing in appearance, taste and nd ourls a matter ul;hlqh
priority. The supply of water that is u nsatisfactory in this rﬂpﬁ:Ct
will undermine the cond idence of consumers leading to ﬁw af
water from less safe source. The acceptabiliiy ;!-I' drinking wl:lnicr
can be influenced by many different constituents, These are :

1. Turbidity : On aesthetic graunds, drinking water should be
frcclfr{‘.-m turbidity. Turbidity in drinking water is caused by
particulate matier that may be present as a consequence of
Ir!adgqu.laie treatment or from resuspension of sediment in the
distribution system, | may also be due to the presence of
?nmgamc particulate matter in some ground water. Turbidity
interferes with disinfection and microbiolegical determination,
Water with turbidity of less than 5 nephelometric turbidity units
(NTU) is usually acceptable to consumer

2. Colour * Drinking water should be free from colour which
may be due to the presence of coloured organic matter
{primarily humic substances], metals such as iron and

manganese, or highly coloured indusirial wastes. Consumers

may turn to alternative, perhaps unsafe, sources when their
water is coloured to an aesthetically displeasing degree. The
guideline value is upto 15 true colour units (TGU) although
levels of colour abave 15 TCU can be detected in a glass of
water.

3. Taste and odour : Taste and odour originate from natural
and biological sources or processes, from contamination by
chemicals, or as a by-product of water treatment (e.q.,
chlorination). Taste and odour may develop during starage and
distribution. It is indicative of some form of pollution or
malfunction during water treatment or distribution. The cause
should be investigated, particularly if there is substantial change.
An unusual taste or odour might be an indication of the
presence of potentially harmful substances. No health - based
guideline value is proposed for taste and odour.

4. Temperature : Cool waler is generally more palatable. Low
waler temperature tends to decrease the efficiency of treatment
process, including disinfection, and may thus have a deleterious
effect on drinking-water guality. However, high water
temperature enhances the growth of microorganisms and taste,
odour, colour and corrosion problem may increase. No
guideline value is recommended since its control is usually
impracticable.

To sum up, we cannot judge the quality of drinking water by
phusical characteristics alone. A detailed chemical and
microbiological examination are also needed for complete
assessment.

B. Inorganic constifuents

1. Chiorides: All waters including rain'water contain chlorides.
In the neighbourhood of the sea, the salinity of water tends to be

high. Since the chloride content of water varies from place to place,

it is necessary, first of all, to determine the normal range of
chlorides of the unpolluted surface and ground water in the given
locality. Any excess over the normal range should arouse suspicion

of waler conlamination. The standard prescribed for chl_or @ is:
200 mag/litre. The maximum permissible level is 600 ma/litre

ness:

2 Hardness : Public acceptability of the degree of h
may vary considerably from oge community to another,
depending on local conditions. (Fhe taste threshold for the
calcium lon s in the range of 100~300 mg/litre, depending on
the associated anion, and the taste threshold of magnesium Is
probably less than that for calcium/ In some instances water
hardness in excess of 500 mg/litre is tolerated by consumers,

Depending on the interaction of other factors, such as pH

—_—

and alkalinity, water with a hardness of approsimately 2000 mg/
litre may cause scale deposition in the distribution syatern and
will result in excossive sonp consumption and subsequent seum
formation, On heating, hard water forms depasits of calcium
carbonate scale. Soft water, with a hardness of less than 100 ma/
litre, may, on the other hand, have a low buffer capacity and so
be more corrosive for waler pipes (19

3. Ammonla ; The term ammonia includes the non-lonized
(NH,) and lonized (NH, ). Ammonia in the environment
originates from metabalic, agricultural and indusirial processes
and from disinfection with chloramine, é’;mml levels in ground
and surface waters are usually below 0.2 mgﬁir;ﬂ Anaerobic
ground walers may contain upto 3 mg/lltre, Intensite rearing of
farm animals can give rise to much higher levels in surface
water. Ammonia contamination can also arise [rom cement
mortar pipe linings. Ammonia in water is an indicatar of possible
bacterial, sewage and animal waste pollution. Ammoria can
compromise disinfection efficiency; resull in nitrite formation in
distribution systems, can cause the failure of filters for the
removal of manganese, and cause taste and odour problerns.

4. pH : One of the main objéctives in controlling the pH is to
inimize corrosion and incrustation In the distribution system.
pH levels of less than 7 may cause severe corrosion of metals in
the distribution pipesYand elevated levels of cerfain chemical
substances, such as ledd, may result. %31-1 levels above B there
in the eifrciency of the chlorine

disinfection proc An acceptable pH drinking waler is
between 6.5 and 8, he absence of a distribution system, the

acceptable range ofAH may be broader.

5. Hydragen sulphide :(The taste and odour thresheld of
hydrogen sulphide in walzd[e estimated to be between 0.05
and 0.1 mgllitre.\The “rotten eggs” odeur of hydrogen is
particularly noticeéble in some ground waters and in stagnant
drinking water in the distribution system, as a result of axvgen
depletion and the subsequent reduction of sulphate by bacterial
activity. Sulphide is oxidized rapidly to sulphate in well-aerated
water, and hydrogen sulphide level in oxygenated water supplies
are normally very low. The presence of hudrogen sulphide in:
drinking water can be easily detected by the consumer and
reéquires immediate corrective action.

6. Iron : Anaerabic ground water may contain ferrous iron at
coneentrations of upto several ma/litre without discolaration or
turbidity in water when directly pumped from the well. On
exposure to the atmosphere, however, the ferrous iron oxidizes
to ferric iron, giving an objectionable reddish - brown ealour to
the water. lron also promotes the growth of “iron bacteria”,
which derive their energy from the oxidation of ferrous iron to
G(rric iron and in the process deposit a slimy coating an the pipe

is a progressive decr

t level above 0.3 ma/litre, iron stains laundry and plumbing
tures, K
7. Stdium : The taste threshald concentration of sodium in
water depends on the associated anion and the temperature of
the solution. (At room temperatyre, the average taste threshold
for sodium is about 200 mg/litre.y

8. Sulphate : The presence f sulphate in drinking water can
cause noticeable taste, Taste impairment varies with the nature
of the assaclated cation. It Is generally considered. that taste
impairment is minimal at levels below 250 ma/litref’
found that addition of calcium and magnesium sulpia )
sodium sulphate) o disied waler lmproves the st opiima
taste was recorded ot £270 and 90 mgllie for the W
mmpouﬁdsrespecllvsl; - - :

9. Total dissalved solids - Tatal dissolved solids (TDS) can
have an important effect on the tast nking water. {Iha
palatability of water with a TDS Jevel of less tha
generally considered to be good) DrifRNm
increasingly unpalatable at TDS level:
litre. Water with extremely low goncent




AL EINVIMUHNMEDN | ANLE HEALI R
| j 14 Aluminium :@ The presence of
unacceptable because of its flat, insipid taste. The presence of =i = e :
high lavel of TDS may also be obleciionable to consumers owing B e of 0.2 often
to excesslve scaling in water pipes, heaters IS i U ium o e
household appliances Water with concentrations of TDS below exacerbation of discoloration of m“j’”m =
1000 mg/litre Is-u:’galh.- acceptable to the consumers: ‘Substances and pa:m h:drﬁim-;gwm A
10 Zine - Zinc imparts an undesirable astringent taste to water. for consumer complaints are listed in Table 4.
Tests indicade a faste threshold concentration of 4 mgllitre (aszinc g MICROBIOLOGICAL ASPECTS
sulphate) (Water containing zinc al concentrations in excess of 5
mg/litre, mny. appear opalescent and develop a greasy film an
boiling) although these effects moy also be noticeable at
concefitrations as low as 3 mglitte. Drinking water F!EH‘?E"
contains zinc at concentrations abové 0.1 mgllitre, levels in
tapwater can be considerably higher because of the zincused in

plumbing material.
i -:Manganesz concentrgtions_below 0.1
i frelast =

Jitre are psually ac ;
local circumstances [At levels above 0.1 mglitre, manganese in
water supplies staind sanitary ware and lsundry, and causes an
undesirable taste in beveraged. [t may lead to accumulation of
deposits in the distribution sistem. Even at concentration of
0.02 mgilitre, manganese will often form a coating on pipes,
which may slough off a5 a black precipitate. '

12. Dissolved oxygen - The dissolved oxygen content of
water is influenced by the raw water temperature, composition,
treatment and any chemical or biclogical processes taking place
in the distbution system, Depletion of dissolved o in
water supplies can encourage microbial reducticn of ni ;
nitrite and sulphate to sulphide, giving rise to odour problem_ It
can also cause an increase in the concentration of ferrous iron in
solution. No health-based guideline wvalue has been

ritmmmunde#-_.

13, Copper - The presence of copper in a water supply
-:E:frfm with the intended domestic uses of water. It i
the corrosion of galvanized iron and steel fittings. Stain
laundry and sq - e
above 1 ma/litre. i
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| present i great alf @ coliform orga
eitimated thm-an gvundanm i the human Intestine, It |

these organisms per ;mq{-}' Person excreles 200400 billion cj
waters, and hence H-:!IL1J hese organisms arg foreign to potable
evidence of faccal 1 Presence in water is looked 1 '

() cunlnmlnuiinn.ézmey ame easily dvlelm?l ti:;

culture methods
as small as
whereas the methods for dutact:? pactaria In 100 mi of water,

: g o o the pathogeni :
fommlicsid ad i cormimin 5o S g
1 Which tend to die oift more rapidly than coliform

';a;ill;;.o{-ﬂna:he !l:oliﬂurm bacilli have areater rasislance to the

i coliformura purification than the water borne pathogens. If

e it organisme ar¢ present in a water sample, the
plion is the probable presence of intestingl pathogens.

!aeiilF“ﬁC"* streptococel ; Faecal streptococel regularly oceur in
s Fln much smaller numbers than E. coli; in doubtful
cases, the finding of faecal strepiocacci in Water is regarded as
impaortant Eﬂnflrmi_atory evidence of recent faecal pollution of
water. Streptococci are highly resistant to diying and may be
\ralu?blel 1or_muline control testing after laving new mains or
fepairs in distribution systems or for detecting pollution by
surface run-off to ground or surface waters.

Fﬁ-.m! CL_perfringens ; They also occur regularly in faeces,
ough generally in much smaller numbers than F. coll © The
spores are capable of surviving in water for a longer time than
organisms of the coliform group and usually resist chlorination
at the doses normally used in walerworks practice. The presence
of spores of Cl. perfringens In a natural water suggests that
faecal contamination has oeccurred, and thelr presence, in the
absence of the coliform group, suggests that faecal
contamination occurred al some remote time. [ts presence in
filterad supplies may indicate deficiency in filtration practice.

The guideline values for bacteriological quality are give in
Table 5. It is only a guide required to ensure hacteriologically
safe supplies of drinking water whether piped, unpiped or
battled.

(b} Virelogical aspects : It is recommended that, to be
acceptable, drinking-water should be free from any viruses
infections for man. Disinfection with 0.5 ma/L of free chlorine
residual after contact period of at least 30 minutes ata pH of 5.0
is sufficient to inactivate virus, This free chlorine residual is to be
insisted in all disinfected supplies in areas suspected of
endemicity of hepatitis A to take care of the safety of the supply

ganisms are chosen
an the water borne
Misms are constantly
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Irom the virus peint of view which incidently takes care of safety
fram the bacteriologic point of view as well, For other areas 0.2
mg/L. of free residual ehlorine for hall an hour shouled be insisted
The turbidiy enndition af 1 NTU ar less, must be fulfilled pricr
ta disinfection of water |l adequate treatment is to be achisved.
Ozone has been shown to be effective wviral disinfectant.
preferably for clean water, if residuals of 0.2.04 mg/l. are
maintained for 4 minutes, but it is not possible (o maintain a
ozone residual in distribution system,

(¢} Biological aspects : (I] Prolozoa - Species of protazon
known {o have been transmilted by the ingestion of
contaminated drinking-water include Entamoeba histalytica,
Giardia spp. end rarely, Balantidium coli These organisms can
be introduced in to water supply through human or, in some
instances, animal faecal contamination. Drinking -water should
not contain any pathogenic intestinal protozoa. Rapid or slow
sand filtration have been shown to be effective in removing a
high proportion of pathogenic protozon. Standard methods are
nol currently available far the detection of pathogenic protozoa
in water supplies in the context of a routine monitoring
programme; (i) Helminths : The infeclive stages of many
parasitic roundworms and flatworms can be transmitted to man
through drinking-water. A single mature larva or fertilized eagg
can cause infection and such infective stages should be absent
trom drinking-water. However, the water route is relatively
unimportant except in the case of Dracunculus medinensis
{guineawsrm) and the human schistosomes, which are primarily
hazards of unpiped water supplies. Source protection is the best 4
approach lo prevention. The methods for detection of these
parasites are unsuited for routine monitoring: (iil)} Free -living
organisms : Free living prganisms that may occur in water
supplies include fungi. algale efc. The most common problem
with these are theit interference in the operation of water-
treatment process, colour) turbidity, taste and odour of finished
water.

11l. CHEMICAL ASPECTS

The: health risk due to texic chemicals in drinking water
differs from that caused by micro-binlogical contaminants,
There are few chemical constituents of watar that can lead to
acute heallh problems except through massive accidental
contamination of a supply. Moreover, experience shows that, in
such incidents the water usually becomes undrinkable owing to
unacceptable taste, odour and appearance.

The chemicals selected for the development of guideline
value include those considered potentially Yazardous to human

TABLE &
Bacteriological quality of drinking-water®

Total coliform Bagleria. i R R R
Treated water entering the distribution sysiem
E.coll or thermotolerant collform bacteria®
Total collform bacteria . s R R

. | It 4 al
X" ] Sl L T P o 1'!!-’1-- By fo e T Eb

investigation.

conditians, the national surveillance sgency should sel o

I 3 i et . = :
dinte ve nction must be taken If elther E.coll or total collform bacteria are detected The minimum actian [n the cass ol tola
o Immediate inveslgatve B e bctaria are detecled in ihe repeal sample; the cause must be deterralned by mmelate

e adicator of faecal pollution, the count of thermetolerant coliform bactaria is an coupha
b Albeish ol el e s be aried out, Totalcoliform cterla are not acceptable indlcators of the sani
::.-':2::- it{;;? jies, particularly in tropical areas whare many bllﬂlllilﬂﬁll-ﬂé no Tﬂnzt!'ggfmﬂﬁ'}ﬁ;ﬁ%&::m “:‘n#mmu e
! - ¥ elopin ) ! Bichoks ;
e liis recognized thal, in the great majarity of rural wator mu:s-illtnﬁumtu? “M

raupplies.

ar progressive improvemant of
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health, thase ditegtyd relative W frequently (n drinking water and
those detected in relatively high concenlistions, The problem
associated with chemieal constituents of drinking water arise

primarily brom thielr abilitye to cayse aduerse health effects after
prolonged perlods of exposure: of particulsr toncern are
contaminants that have cumulative toxic properties, such as
heavy maetals and substances that are carcinogenic

Health -

The presence of certain chemicals in excess of prescribed
limits may constitute ground for rejection of the water as a
source of public water supply. These substances may be
inorganic or organic (9)

related chemical constituents

a. Inorganic Constituents : These substances include
arsenic, cadmium, chromium, cyanide, Huoride, lead, mercury,
nichel, nitrate; solenium ele. The guide line value of these
constituents are shown in Table 6

L Argenic : Arsenic is introduced Into water through the
dissolution of minerals and ares. from industrial effluents, and
from atmospheric deposition, concentrations in ground water in
somi areas are somefimes elevated as a result of erosion from
natural sources. The average daily intake of inorganic arsenic in
water is estimated to be similar to that from food. Intake from air
Is negligible. A provisional guideline value for arsenic in drinking
water of 0.01 mag/litre is established

2. Cadmium : Cadmium metal is used in the steel industry
and in plastics. Cadmium compounds. are widely used in
batteries. It is released to the environment in waste-water and
diffuse pollution is caused by contamination from fertilizers and
lecal air poliution. Contamination in drinking water may also be
caused by impurities in tha zine of galvanized pipes and some
metal fittings, although levels ir drinking water are usually less
than 1 ugflitre. Absorption of cadmium compeound is dependent
an the solubility of the compound. Cadmium accumulates
primarily in the kidneys and has a long biological half-life in
humans of 10-35 years. A guideline value for cadmium is
established at 0003 Halitre (19)

3. Chromium : Chromium s widely distributed in the earth's
crust. In general, food appears ta be the major source of intake.
The absorption of chromium alier oral exposure is relatively low
and depends on the oxidation state. The guideline value for
chromium is 0.05 mg/litre, which is considered to be unlikely to
give rise to significant health risks, '

4. Cyanide : The acute toxicity of cyanide is high Cyanides
can be found in some foods, particularly in some developing
countries, and they are usually found in drinking water,
primarily as a consequence of industrial contamination. Effects
on thyroid and particularly the nervous system were observed in
some populations as a consequence of the long-term
cansumplion of inadequately processed cassava containing high
levels of cyanide. The guideline value of 007 ma/litre is
considered to be safe,

5. Fluoride : Fluoride accounts for about 0.3 a'kg of the
earth’'s crust. Inorganic fluorine compounds are used in the
production of aluminium, and fluoride is released during the
manufacture and use of phosphate fertilizers which contain upto
4 per cent fluorine. Levels of daily exposure of fluoride depends
on the geographical area. If diets cantain fish and tea, exposure
via food may be particularly high. In specific areas, other foods
and indoor air pollution may contribute considerably to total
exposure. Additional intake may result from fhe use of fluorida
toothpastes.

Exposure to fluoride from drinking water depends greatly on
natural circumstances, Levels in raw water are normally below
1.5 mg/itre, but ground water may coaniain about 10 mg/litre in
areas rich in fluoride - containing minerals. High fluoride levels,
above 5 mg/litre, have been found in several countries (e.q.,

= r
: svels have at times Jgy

“ India and Thailand) ‘.:m-;h high leve
::1Il:ir:::;lnl or skeletal flucrosis. Fluoride ‘E’;T&T‘;f:ﬂ:%‘gﬂ Lol
drinking water to prevent denh?l caries s 1n?&ﬁem 3
readily absorbed In the gastraintestinal trac 15 e :ﬂ
drinking water. The guideline value suggesfedulzsumﬂ “E:pmetan’:
setting national standards for fluoride, it is F*‘;f:um !:'muke i
to consider climatic conditions, valume ’u d ancd air)
intake of fluoride from other sources (e.g.. foo '

6. Lead - Lead is presant in tapwater wbmme'::::;“ f::r:
result of its dissolution from n.:luml_squrces.dtgt pr; ; .:bldev
househald plumbing systems cantaining IE‘?I"h n 'I:E:n; ollenfi
fittings or the service connections (o hﬂmesc.l e uevern? ke
dissalved from the plumbing ssizlrehr: :jfnp:ssn ; ni:lnsfanding Fde

i H, temperature, wa
:Ezl :.:i!r;? ﬁ:uth suf::).:cidtc water being the most plumbosolvent.

Placental transfer of lead occurs in humans as early ﬂlﬁ h:nei:'h
week of gestation and continues throughout gf’i':? ﬂ:'nd M
Young children absorb 4 -5 times as much lead as a rL:“;; B
biological half-life may be considerably longer in ¢ | TEI;I ﬂ:,g
in adults. Lead is a general toxicant that accumu f:’tes n ;
skeleton. Infants, children up to six years of age, an FWQLP::;
women are most susceplible to its adverse healﬁj effects. d
also interferes with calcium metabolism, ho!h_dtreq‘\!lly and bu]:
interfering with vitamin D metabolism Lead is toxic to bao
central and peripheral nervous  system,  inducing
subencephalopathic neurolugical and behavioural effects. Renal
tumours have been induced in experimental animals expuse:_:l fo
high cancentrations of lead compounds _in the diet and. it is
grouped in Group B (possible human carcinogen). The health-
based guideline value of lead is:0.01 ma/litre.

Lead is exceptional in that most lead in drinking water arises
fram plumbing in buildings and the remedy consists ?ﬂnﬁpaﬂy
of removing plumbing and fittings containing lead. This requims
much time and money, and it is recognized that not all water will
meet the guideline immediately. Measures to control corrasion
should also be implemented.

7. Mercury - Mercury is present in inorganic form in surface
and ground water at concentrations usually less than 0.5 pa/litre.
The kidney is the main target organ for inorganic mercury,
whereas methylmercury affects mainly the central nervous
system. The guideline value for total mercury is 0.001 mg/litre.

8. Nitrate and nitrite : Nitrate and nitrite are naturally
occurring ions thal are part of the nitrogen cycle. Naturally
occurring nitrate level in surface and ground water are generally
a few milligrams per litre. In many ground waters, an increase of
nitrate level has been observed owing to the intensification of
farming practice. In some countries, up o 10 per cent of the
population may be exposed to nitrate levels in drinking water of
above 50 maflitre.

In general, vegetables are the main source of nitrate intake
when levels in drinking water is below 10 mg/litre. When nitrate
level in drinking water exceeds 50 ma/litre, drinking water will
become the main source of total nitrate intake. The guideline
value for nitrate in drinking water is solely to prevent
methamoglobinaemia, which depends upon the conversion of
nitrate into nitrite. Bottle-fed infants of less than 3 months of
age are most susceptible. '

The guideline value should not be expressed on the basis of
nitrate-nitrogen but on the basis of nitrate itself, which is the
chemical entity of concern (o health and the guideline value for
nitrate is 50 mg/litre. : A

As a resull of recent evidence of the presence of nitsite in
some water supplies, it was concluded .H\H.a'gﬁﬂdnlinja:ﬁl!ﬁﬁ[
3 mgflitre for nitrite should be Becaiite ol b
possibility of simultaneous occurrence of nitrite and nit :
drinking water, the sum of the ratios of the oncentzat
to its guideline value should not exce B i

!
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T. Eb
Cadmium ::m
Chromium Wb 0.05 (B)
Copper Al S 2(p)
Cyanide T 0.07
Fluoride e
Lead . L4120 L
Manganese . 0.5 (P)
Metcury (total) ] 0.001
Molybdenum 0.07
Nickel 0,02
Nitrate (as NO,) 50
Nitrite (as NO,) 3P
Selenium 0.01
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Paluniiclear tratmatic hydrocarbons = A lavge number aof
?_"ﬂ.‘é,'u,“iLvﬂl_.\\.!.u![unl.lt hydrocarbony (PAHs) from a variely of
ombustion and pyrolysis sources have Baan iclentifiud In the
unvironment. The maln Source of Kuman exposure 1o PAHs |

i, with chrinking waler antributing only minor amounts

Little Informalion s available on the oral tosicity ‘af PAHS
espiclally after long-term exposure, Henza (a) pyreng, which
constitutes a minor fraction ol lalal PAEs have bean found to ke
carcinogenic In mice by the oral route of admin Istration. Some
PAH compounds have been lound ta be carcinogenle by non
oral routes, Berzo {a} pyrene has been found to be mutagenie i
a number of in itro and in oivo LECHIT

The tollowing meommendations are made for the PAH group

Because of the close association of PAH with suspended
solids, the application of treatment, when necessary (o
achieve the recommended level of turbidiby will ensype
that PAH levels are reduced to a minimum
Contamination of water with PAH should nat oceyr
during water treatment or distribution Therelore, the
use of coal-tar-based and similar materials for pipa
lining and coatings on storage tanks should bhe
dizcontinuad

In situation where contamination of diinking water by
PAH has occurred, the spesific compaunds present and
the saurce of {He coptamination should be identified, as
the carcinogenic potential of PAH compounds varies

Pesticides : The pesticides thal are of impartance in
connection with water guality include chlorinated hydra -
carbons and. their derivatives, persistent herbicides, soil
insecticides, pesticides that are easily leached out from the soil.
and pesticides that are systermnatically added to water supplies for
disease vector control, The recommended guideline value (Table
8) are setat a level to protect human health

: TABLE 8
_,-{Midtilne values.of certain pesticides

P - Pravisional guideline value
Source | (19)

b. Organic Constituents : The guideline value of same of
the organic chemical constituents in water is as shown in

Table 7. M .
rﬁﬂui 7

o~

Guideline values [or health related organic constituents

Chlorinated alkunes
Carbon tetrachloride 2
Dichloromethane 20
Chiorinated ethenns ; |
 Vinyl chloride 55 (-0l
1,1 - dichloroethene T
1.2 - dichlorosthens SOl ;
Aromatic hpdrocarbans 1 u.. s Ll
Benzene ' : lol‘ b ; v l':._""“"
Toluene B o
Xylenes "y 500' Yl :
Ethylbenzene R, T T
Slyrene ¥ j 20 AL
Benzolalpyrene j Lt s BRI AR

_.‘.‘:i._ll.l ree - (19

Posicdes | 7 Uoparlin

Aldrin/dizldrin

Chlordane

DT

24-D

Hepmchlor and heptachlor opoxide :
Hexachlorobenzene | Teel
Lindanea ' ! . 2
Methoxyehlos
PenyAITAEhRSOL |\ A T S S (Tl e

P - Provisional value
Sotrce ; (19)

Drinking water consumplion and body welght : The
average daily per copifa consumption of drinking water is
usually found to be around 2 litres, but there are considerable
variations between individuals as water intahe Is likely to vane
with climate, physical activity and culture, ¢.g., at temperature
above 25°C, there is o sharp rise in fluld intake, largely 1o meet
the demands of an increased sweat rate. In developing the
guldeline values for patentially hazardous nhﬂmlcﬂ;ﬁ a dally per
capita consumption of 2 litres by o person weighing 60 kg was
generally  assumed, However, such an assumption mw
underestimate the consumption of water plfunitwclﬁthmd
this exposure, for those living in hot climqm-'.u!-wﬂ_,;ljl_a[?!.
infants and children, who consume more fluid per uni J
than adults. Where it was judged that this segment ;
population was al a particularly high sk from ex
certain chemicals, the guideline value was derived an




——

of a 10 kg ¢hild consuming 1 litre water per day ora 5 kg infani
cansuming 0.75 litre water per day

Health rigk assessment . For most kinds of texlcity, it is
generally belleved that there is A dose below which no adverse
elfects will oeeyr For chemicals thal give rise to such toxic
effects, atolerahle daily intake (TD1) can be derived

Tolerable daily intake (TDI) - The TDLis an estimate of the
amoupt of a substance in food or drinking water, expressed on
body weight basis (ma'ka or ug/ka of body weight), that can be

ingested daily over a lifetinie withot appreciable health risk
(18]

Acceplable daily intake (ADI) are established for food
additives and pesticide residues that aceur in food for necessany
technological purpeses or plant protection reasons. For chemical
contaminants, which usually kave no intended function in
drinking water the term TDI is seen as more appropriate than
ADI, as it signifies permissibility rather than acceptability,

No - observed - aduerse - effect level (NOAEL) - The
NOAEL is defined as the highest dase or concentration of a
chemical in'a single study, found by experiment or aobsarvation,
that causes no detectable adverse health eflect (19). Whenever

possible, the NOAEL is based on long-term studies, preferably
of ingestion in drinking water 1

Lawest - observed - adyerse effect level {LOAEL) : LOAEL is
the lowest observed dosa or concentration of a substance at
which there is a detectable advarse health effect (19). When
LOAEL is used instead of NOAEL, an additiona) uncertainty
factor [LUF) is normally used.

Uneertainty Jactors (UF) ¢+ The application of uncertainty
factors has been widely used in the derivation of ADI for food
additives, pesticides and environmental contaminants. The
lerivation of these factors requires expert judgement and a
careful sifting of the avatlahle scientific evidence,

values, uncertainty factors wers applied 1o the lowest NOAEL of
LOAEL for the response considered to be most biologically
significant and were delermined by consensus among a group of
experis using the approach outlined below - 2

__Source of uncertainty ... Factor
Interspecies variation [animal to humans) 1-10
Interspecies variation (individual variation 1-10
Adequacy of studies or database 1-10
Nature and severity of effect 1-10

The tolal uncertainty factor should nol exceed 10,000 I the
risk assessment would lead to a higher uncertainty factar, then
the resulting TDI would be so imprecise as to lack meaning,
For substances for which uncertainty factors were greater than
1000, guideline values are designated as provisional in order
o emphasize the high level of uncertainly inherent in these
values (19),

Derivation of guideline value using a TDI approach : TDI can
be calculated by following formula.

NOAEL OR LOAEL

LIF
then derived from the TD] as

Tl =

The guideline value (GV) is

follows : _
TOE % b x P

Gl = e ] o P

c

Where bw = vady weight (60 kg for adult, 10 kg for children,

5 ka for infanis)
P = fraction of the TD! allocated to drinking water *

! ate tion (2 litres  »

T = daily drinking waler cansump :
[e- :{-: acdults, 1 litre [or children and 0,75 litrg ‘!
for Infants) i

%

IV. RFADIOLOGICAL ASPECTS k .

The effects of radiation exposure are called d!‘::m'ltu if they
become manifest in the exposed mfil\-'ldl-lﬂt- an l““l:h tary™ i
they affecl the descendants, Malignant diseass 5M| e I’rfl:t:tﬂ
important delaved somatic effect (30) For mm*f}ﬂm f-le : 5
such as carcinogenesis, the probability of an & f:lf occ J]T;'ng.
rather than its severity, is regarded as a function o O5e W tHuui
a threshold [stachastic effect), Whereas for other somatic 11 ects
the severity of the effect varies with the dose tn;:m— st‘?; astic
effects); a thresheld may therelore exist for such effects. The aim
of radiation protection is to prevent harmful nen-stochastic
effects and to reduce the probability of stochastic effects to a
level deemed acceptable,

Radioactivity in drinking water should not only be kept within
sale limits; It s#;uld also, 13i:hln those limits, be kept as low as is
reasonably pdssible, The guideline values recommended take
account of both naturally occurring radioactivity and any
radioactivity that may reach the water source as a result of man's
activities, From a radiological point of view, they represent a
value below which water can be considered potable without any
further radiological examination,

The activity of a radioactive material is the number of nuclear
disintegration per unit of time. The unit of activity is a becquersl
(Bq); 1 Bq = 1 disintegration per second. Formerly, the unit of
activity was curie (CH)

The proposed guideline values are -
gross alpha activity 0.1 Bq /L
gross beta activity 1.0 Bq / L.

/aﬂrw:-:umncz OF DRINKING WATER QUALITY (20)
In the derivation of the WHO drinking water quality guideline

The actwities that ideally should be included in the
surveillance function are : 3

a.  approval of new sources (including private-owned
supplies),
walershed protection;
¢ approval of the construction and operaling
procedures of waterworks, including ; -,
(i) disinfection of the plant and of the distribution
system after repalr or interruption of supply,
(il) periodic flushing programmes and cleaning of
water storage facilities,
(il}) certificalion of oparators, ¢
liv) regulation of chemical substances used in water
Ireatment,
(v) cross-connection control, back flow prevention
and leak detection control ;
sanitary surveys; f
€. moniloring programmes, including provision for
central and regional analytical laboratary services;
f. development of codes of practice for well
construction, pump Installation and plumbing;
9. inspection quality coniral in bottled-water and ice
manufacturing operations. -

Surveillance of drinking water s essentially a health measure.
It is intended to protect the public from water-borne diseases.
The elements of a surveillance programme are : '

1. Sanitary survey

Sanitary survey is an on-the-spot inspection ,nhﬂ':gpalup%ﬁ:'
by a gualified person of the entive water supply system. The
purpose of the survey is detection and correction of faults and

L]
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NISADVANTAGES OF HARDNESS

~ Hardness in waler presenis 'ﬂmd
e dom industrial consuner. T‘i&:u s hoth 1o
ultows: hardness in water rone, ™Y be stated ay

m:q_lnll mh!n hard water i hﬂumﬂr hm"" sonp and
tated h“"ﬂ Mﬁjﬂjw ! B
| !pto great fuel cor _.QE'W#W.TI;&
sometimes cause boiler ex; : 1
affects wn?lhhg; tood cooked in'ﬁmﬂwi. d water adugrssly
(polour ; ' .,

SPECIAL TREATMENT
ia) Hemoval of hardness

(d}  Permutit process.
Fermanent hardness
(a) Addition of sodlum carbonate
(b) Base exchange process,
OILING

[ Boiling removes the temporary hardness by expeliing

- cirhi . and precipitating the insoluble calcium

r| :ar:::dq It Is an w:nm mlrtllgnd o soften water on &
large scale.

! Ca(HCO,), —» CaC0, + H,0 + CO,

% 2 ADDITION OF LIME rie 2o

| Life softening not only ce= total hardness

l,' accamplishes magnesium Lime absorbs the

]dmxldc.mdpudpm:bc mwml i
In the Clark's method of water, one ounce of qu

| "mzhldﬂd;nmmpﬂmudwmfmmhdwn
(14 25 ppm.) of hardness.
CIlﬂHl.+I;__nll-iCﬂ,},—i CaCO, + ZH,0
' 14 (scxia psh) remaoves both lemporary a

m“‘“ W vad Basediun P rhing s a ml?ﬂu g ol
i)

= HARERESS e WATEN

W Aliminium and siliva (N, AL S0 000 1 hss
';.'"’”" W ol wxchanging the mdhml' dation 107 waboigin mrul
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Water hardnoss and eardlonisculine diseases

1 from several countiies have shown ah Inverse
statistical associalion tetwien the hardness of drinking walet
ond the death rate from cardlovascular diseases. Anias
suppliad with soft drinking water showed a significantly highes
prevalence of eliher anteniosclerolic  heart  disense. o
degenerative heart disease, h\m-.rmmn. sidden deaths of
cardiovescalar orighin, o s combination of these. Thie euldens
Is based solely on ciccumstantial evidanoe and stalistical
association. Purther studies sre in progiess 1o satablish o
possible connection between certain waler charactensiics and
the develapment of cardiovascular dispiases (#4).

(b} Flusridation of wales

Fluorine is one of the constituaents inturadly present in
water supplies. In lact, the main source of Buorine is diinki
water. Daliciency of Muarine in deinking wator 15 associatis
with dental caries, and excess with denlal and sheleial
fluorosis, Leading workers in India  mgard  Huoiine  in
eancentration of 0.5 16 0.8 ppm in deinking waler as aplimam
fa concantation of 1 ppm i regarded as optimum in
ternperate climates because the consumption ol waler is low)
Thie term “fluondation” has been given 1o the process of
supplementing the natural Nuoride contem ol potable Wit
10 the point of optimum concentration. The WHO in 1964
rdcommended (luandation of community walsr sipplies In
arens where the 1otal intake of Nluordes by the population s
below the optimal levels Tor protection againg dental carles
Fluoridation s now an m:cogml pibile health grocedure in
many developed countriug (25)

(e} Delluoridatlon

In some geographic areas, wiler iay contain s high lovel
of fuorides. In such communitivs, water bs delluoridated by
phosphate 1o reduce fluonides 1o oplimum hevels

SELECTION QF SOURCE OF WATER

In selecting & source, sttention must be given 1o possible
future devedopments that may Influence the  continued
sullability of the source. Other considarations Include
() Quantity (source capacity) - The yuantily of water should be
sufficient 10 meel continuing water dumands, iaking Inio
account dafly and seasonal variations and projected growth in
the size of tha community bilng served, (b) Chaality - The quality
of raw water shoukd be such that, with approgtiate freatmwnt, it
maets (he drinking water standards. () Protection e
watershed must be protcied from pollution with T
wxcretn,  Industriial  dischaige and  agrculiural  raneol!
() Peasibility 1 The source should b avaliable al 1wnsanabile
cost. (@) Treatability  The taw wisled shsuild b tiwatedd
adeguately under locally prevailing conilitiona



