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1.8 " INTR&DUCTI6N

Epidemiological studies have amply proved the role of water
in the spread of enteric diseases and the effective utilization
of water treatment practices has contributed to a significant
rgduction of these diseases. Substantial progress in the provision
of ptrotected water supply to its teeming millions has been made

in India during the last 20 years as can be seen from the trend in

Table I.
TABLE I
PROGRESS IN PROVISION OF WATER SUPPLIES
</ 2
Year Population in millions Zé '
Rural Urban Total Population served with
protected water supply
1941 274.2 4y .3 318.5 -
1949 293.4 59.1 352.5 21.65
1951 20R.5 62.5 361.0 -
1961 360.1 79.0 439.1 47.41

In terms of numbers, the population that is yet to be
provided with protected water supply is a formidable number. The
problem is further aggravated by the fact that more than 75 per
cent of the Indian population lives in villages which depend
mostly on open dug wells for their water supply. No piped water
supply scheme exists in the majority of villages and the backlog
of water supply schemes to be undértaken is so enormous that it

will be many years before all villages can be expected to have
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i
piped water supply schemes. FPRurther with the rate of population
growth being such that the population is likely to double itself
every 25 to 30 years, it is a moot point whethef the backlog will

ever be wiped out.

It is, therefore, evident that a large number of people will
have to depend on the village welis for long a time to come. While
proper attention can be given to the location and sanitary
construction of new wells it would be impracticable to renovate or
to relocate the large number of existing wells which are in an
insanitary condition. Surveys carried out by the Central Public
Health Engineering Research Institute, Nagpur and others have
invariably shown that open dug wells are highly polluted. * It is
no wonder that the death rate for enteric diseases in India is

approximately 360 per 100, 000.

* 1) Kaushik, N.K., Prasad, D. and Bishnoi, C.N., " A Study of
Well Waters in Rural Delhi ", Env. Hlth. 5 : 128, 1963

2) Kaushik, N.K., Prasad, D., " Seasonal Variation in Coliform
and Enterococcus Organisms in Well Waters ", Env. Hlth.,
6 : 251, 1964

3) Mishra, R.P., Parhad, N.M. and Rao, N.U., " Bacteriological
‘Standards and Water Quality ", Env. Hlth., 11 : 163, 1969

4) Bagchi, S.C., Murthy, Y.S. and Prasad, B.G., " A Study
of Water "Supply in Rural Health Center, Sarojininagar,
Lucknow Distriet ", Jour. of Indian Medical Sciences,
16 : 1048 - 1062, 1962
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For this reason, the Report on Natimmal Water Supply and
Sanitation Schemes for India ( June 106l ) states that " Chlorinating
equipments of the small, medium, and large sizes will have to play
a vital role in ensuring the safety of wate.’ supply systems all over
the country in the coming years. They are needed both for rural
and urban schemes. A cheap, durable, foolproof device for

chlorinating rural water supply is a sine qua non. "

Disinfection of rural water supplies, particularly well
waters had been engaging the attentica of this Institute for quite
some time, with a view to develop 2 ketier methed of disinfection,
than the practice of mere dumning of bleaching powder into wells.
In this work of the Institute, welccme suppirt wes received from
the Community Water Supply Unit of the Division of Environmental
Health, World Health Organization, Geneva, which gzve financial
assistance to the tune of 4700 dollr-rs in 1907, to enable the
Institute to work specifically cn th2 piojsct entitled " Disinfection

Techniques for Small Community Water Susplieg "

2.0 TERMS OF REFERTNCF _

According to the agrsement botween tive Centrzl Tublie Health
Fngineering Research Institute, Nogrur cnd the World Hzalth
Organization, it was agreed that the ZTzittrel Jullic Fcalith
Engineering Research Institute would orwwidze susszevicion, staff,
instrumentation, laboratcry and vceilishop fecliitizs, raw materials
and labour for field trials, for a oz yerr study o the follwwing

lines :

1. Investigation on the use of chloride ¢f lime sclution as
a disinfectant and its appiicaticn in both rural and

community water surplies.



Literature survey

Laboratory work under the following heads :

a) Characteristics of chloride of lime in solid form
b) Characteristies of chloride of lime solution

¢) Development of feeding devices

d) Solution containers and ancillaries

Field work

Use of a device or devices developed on a convenient water

sourcee
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3.0 BLEACHING POWDER FOR DISINFECTION

Bleaching powder { Ca0Cl,, chloride of lime ) is an easily

available and cheap chlorine coipound. It is easy to transport
and not hazérdous to handle. The use of this compound for
disinfection of water dates back to 1897 when Sims Woodhead
treated the water supply of Maidstone, England, by chlorinated

lime as a temporary measure during a typhoid epidemic.

As a continuous part of water treatment, Maurice Dyke used
bleaching powder along with ferric chloride at Middle Kerke, Belgium
in his " Ferro-Chlor " process in the year 1902 for the first time.
In this process bleaching powder and ferric chloride solutions were

applied to raw water for coagulation and disinfection.

In U.S.A., George, A. Johnson treated successfully raw water
supply of Bubby Creek filter plant at Chicago Stockyard with
chlorinated lime ir. the year 1308 and by 1914, supplies totalling
8080 mgd were being treated with bleaching powder solution for

disinfection.

With the development of techniques to use gaseous chlorine
for water treatment, the popularity of bleaching powder waned.
However, for small communities bleaching powder is still a

disinfectant of choice.

Bleaching powder is commercially available as a free
flowing white or yellowish white dry powder having the
hypochlorous acid smell. It usually contains 33 to 37 per cent
of available chlorine when fresh. It always contains free lime,

small amounts of calcium chloride and chlorates. Grit and other
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insoluble impurities are also present depending on the guality of

the raw material used.

3.1 Availability of Bleaching Powder in India

The production of bleaching powder in India for the last 10

years is given below :

TABLE II

YEARWISE PRODUCTION OF BLEACHING POWDER IN INDIA

— S
1 Year Metric ton E Year Metric ton :
E per year 5 per year :
}
:' : '
' 1957 7,100 ; 1962 6,800 !
] ] [}
' 1958 7,300 ! 1963 6,969 :
1 '
1959 5,200 ' 1964 7.932 f
5 1960 5,900 5 1965 7,356 E
! 1961 7,100 E 1966 10,812 ?
' / '
: ! !

Bleaching powder is available in 40, 50 and 100 kg.

galvanized iron drums in airtight packages.

The potential for the consumption of bleaching powder is indeed

guite large as can be seen from data given in Table IIT.
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_TABLE IIT _ \,%:““

DISTRIBUTION OF COMMUNITIES BY POFULATION GROUPS

No. of

1

I 1 [
i\ No. of i i Population | Percentage of
E porsons E villages E 5 total rural !
q ‘ ] i populat ion [
: ¢ : % :
' ) | | z
! Less than 200 ! 176,38% Lo7,67%,271 4.91 !
t ' ) i '
i 200 - k99 | 173,184 57,564,811 ‘ 16.05 '
t i 1 i
i 500 - 999 | 119,197 1 83,872,822 ! 23.33 E

] | 1 H
1 1000 - 1999 1 65,309 | 89,482,705 24.89 f
12000 - 4999 | 25,475 1 76,421,290 i 21.26 E
| 5000 - 9999 | 3,396 | 27,175,406 | 6.16 f
] ] ] )
' 10000 & above ! 773 12,245,202 | 3.40 )
) 1 1 ]
i ] i 1
1 1 | '

From the above Table, 1t san b2 se~n that villages having a
populaticn of 2000 or less coastitute nearly 69 per cent of the
total population. In such villages it is nct possible te use
chlorine gas apparatus for dis nifection. On thes assumption that
25 10 B0 litzrs of water per dey is ccnsumad by the villagers, about
7000 to 14,000 metric tons per year ¢f bleaching powder is required
for disinfection purposes alcne to maintain effective chlorine
ceneentretion., This figure is arrived at, ¢a the basis of 30 per
cent available chlorine in bleazhing powder and the need for 1 mg/l
of chlorine ( part of it will be fcr mesting the chlorine demand

and the rest for disinfeciicn ) for efleciive chlorination.

Two widely used and popular brands of stable blieaching
powder, manufactured in India, wers analysed and thne results are

given in Table iV.
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TABLE IV

ANALYSIS OF SOME BLEACHING POWDERS AVAITABLIE IN INDIA

Bleaching  — T TITToTTIommsRososo-e-s Heat stability test
o ng Available  T6tal Grit  (fraction of availa-
P ¢ chlorine chlorine ble chlorine lost at
100° + 2% 1in 2 hrs.
Brand 1 32.3 33.7 3.5 1/10
Brand 2 35.14 41.36 1.14 1/16
3.2 Available Standards

According to the recommendations of Indian Standards
Institution ( ISI ), New Delhi, stable bleaching powder as given in
IS : 1065 (1957) should contain at least 33 per cent available
chlorine at the time of manufacture. It should not lose more than
1/11 of available chlorine in the heat stability test. There are
no spet¢ifications about the permissible percentage of grit and

other impurities.

3.3 Loss of Chlorink on Stoérage

It can be seen from Figure 1, that the bleaching powder
stored in a container which is opened once a day for 10 minutes
loses nearly 5 per cent of its initial chlorine in a span of
40 days. However, when the container is left fully open it loses

as much as 18 per cent of its initial chlorine in the same period.
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Bleaching powder solution is, however, more sensitive to

storage conditions. The solution can be stored in a container from

which light is cut off, for 10 days without much loss of chlorine.

When the glass container is eXxposed to light there is considerable

loss of chlorine during the same period ( Figure 2 ).

- ———
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9lass flask coverea with
black paper & corked

gloss flask covered with
> black paper & uncorked
glass flask corked

& glass flask uncorked
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3.4 Working Hazards and Handl ing Requirements

Bleaching powder should be handled with clean and dry
equipment free from easily oxidisable substances. Because it is
highly corrosive, the bleaching powder drums shovlA be stored
separately from tools and machinery particularly after they are
opened once. Once the bleaching powder tin is ¢ rned it should
be consumed as early as possible. It is always desirable to
choose such sizes that can be consumed In a relatively shcrt period.
When a leaking or defective container is detectable it should ko

removed to another place.

Bleaching powder solution is corrosive and hence corrosion
resistant vessels made of wood, ceramic, glass, plastics or cement

should be used for handling.

While opening the can or handlirg bleachinz powder, it gives
a strong smell which can cause nausea, giddiness, vomiting and
irritation of mucous membranes. In handling bleaching powder the
simplest and yet the most effective metvzd is *~ tie a damp cloth
or handkerchief around the nose. The soluticn should be handled
carefully as it may affect the skin or oth:r boly tissues, which
may come in contact. Rubber gloves and aprons should be worn

while handling bleaching powder or its sniuticn. Tns usval

Q8]

principle of good ventilation should e kept in view whezn Jdozigmin

the bleaching powder storage and handling facilities.

3.5 Characteristics of Bleaching Powder Solution

Bleaching powder absorbs moisture and bzcomes sticky when

exposed to atmosphere, hence dry feeding is not possible. ™n th-»
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manufacture of bleaching powder, free lime is always present or is
added to stabilise it. When dissolved in water some sediment which
is mostly calcium hydraxide, calcium carbonate and grit is always

present.

Bleaching powder has a tendency to form lumps in water while
dissolving in it. These lumps should be broken carefully and the
material shaken vigorously with water. In practice it is not
possible to mix bleaching powder thoroughly, particuiarly with tho
large amounts usually handled. Thus, some percentage of availabl-
chlorine is always lost in the sediment. Experiments were, therafc.
carried out to determine that percentage solution of bleaciiing rowuzr
which can be prepared manually without much loss of available

chlorine in the sediment.

TABLE V

RELATIONSHIP EETWEEN STRENGTH OF BLEACHING PCWDER SOLUTION
AND LOSS OF CHIORINE ( 33°C )

% strength of % chlorine % chlorine Percentage loss of
bleaching concentra- concentration chlorine
powder solution tion in in the filtrate Col. 2 - Col.?
( Wt/fvol ) soltution (after passing éol 5 2 X 100
( Wt/vol ) = through filter ’
paper No. 42)

Column 1 Column 2 Column 3 Columm 4

0.50 0.150 0.150 0

1.00 0.309 0.307 0.65

2.50 0.755 J.745 1.32

5.00 1.537 1.497 2.60

1
10.00 0.0313 . 2.731 9.91
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It can be seen from Table V that strengths of solutions upto
2.50 rer cent result in snell losces of chlorine and hence mey te
adoptec but could be increacsed to 5 per cent to keep the sgize of
containers econcmical. Hewever, stronger solutions ( more than 5
per cent ) are not advisable sincz therc is considerable loss of

chlorine.

3.6 S1udge Volume

Sludge volumes for different concentraticns of bleaching
pcwder solution are given in Table VI. -The sludge which settles at
the bottom mainly contains calcium hydroxide, calcium carbonate and
grit, and is not desirable to be added to the water supply and thu:

must be excluded from the solution.

TABLE VI

SLUDGE VOLUMES AT DIFFERENT CONCENTRATIONS OF BLEACHING
POWDER SOLUTICN

Bleaching powder % volume of container occupiecd by
solution {( %) sludge after overnight cetiling

1

2 2

2.5 2.5

5 3
10 11

3.7 Effect of Mixing Water Qualitv and Temperature

The effect of mixing water quality wes studied by dissolving

bleaching powder in distilied water and in a well water which was



15

moderately hard. The composition of the well water is given below :

pH 7.7
Total hardness - ( as Cacoj) 170 mg/1
Calcium " 100 "
Magnesium " 70 "
Total alkalinity " oo "
Methyl orange alkalinity " oo M
Phenolphthalein alkalinity " Nil
Free 002. 5.0

Bleaching powder was thoroughly mixed in distilled water and
the well water. These tests were carried out at 3500 and 6°C. The
suspension was filtered to give a clear filtrate. Available chlorine

in thegse filtrates was almost the same ( Table VII ).

TABLE VII

Bleaching powder Chlorine Concentration in the Filtrate ( % )
solution ( % ) Distilled water Well water
35°%c 6% %5°C 6°c
0.5 0.150 0.152 0.149 0.150
1.0 0.305 0.301 0.305 0.296
2.5 0.765 0.750 0.755 0.750
5.¢C 1.497 1.255 1.497 1.375

It is to be expected that available well waters will be
invariably used in the field for preparing solutions. This limited
experimentation shows that there is no significant difference
between the concentrations obtained by using either well water or

distilled water for preparing the bleaching powder solution.
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The advantage with well water is that, after allowing the
solution to settle, the supernatant becomes clearer as compared
to that in distilled water. This is presumably due to the reaction
of the calcium hydroxide of the bleaching powder solution with the
alkalinity in the well water. Calcium carbonate and magnesium
hydroxide are precipitated in the reaction. While settling down
they presumably trap the fine suspended particles making the solution
clearer than the solution obtained with distilled water. This

can be explained by the following equations

A
Ca(Hcoj)2 + w(_J_a(LH)_a__= 2 Caco3 + 2 H0
Mg(HCOB)2 + 2 Ca(OH)2 = Mg(OH)2 + 2 CaCO3 + 2 HQO

h

MgSOu + Ca(OH)2 Mg(OH)2 + CaS0,

3.8 Chemistry of Chlorination with Bleaching Powder

Calcium cxychloride ( CaOCl2 )} is generally accepted as the
principal ingredient of bleaching powder. When mixed with water
calcium oxychloride decomposes into active and inactive components.
The active portion is hypochlorous acid ( HOCl) and the inactive

portion is calcium chloride. The following reactions take place

2 CaOCl, + 41—[20 T =2 Ca(OH)2+2HCl+2HOCl e (1)

2 HCl + Ca(OH)2 ——% CaCl, + H0 .. (2)
o~

HCL == H + oc1 cee (3)

Both HOCL and OCL ™ in Equation 3 are important for
disinfection, although HOCl is more active of the two. Depending
on the pH of the water the relative proportion of FOCl and OCl
will change. At pH 6.0, 96 per cent of the chlorine solgtion
present as HOCl ; whereas at pH 7.0, it will be 75 per cent and
at pH 9.0 it will be only 3 per cent.
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4.0 DISINFECTION OF OPEN UG WELLS

With over 75 per cont of Iindiun oopulation living in small
communities in villeges, ne irportance of hygienic quality of well

t feorms a major source of water supply

b

waters needs no empresis, as
Lo thooe comunlitices. QOpern dus wells akound in nurber in Indin anid
account for a2 large percentage of total wulls. It has besn chserved
that fecal contaminaticn i invariably -resent in all cpen dug wells.
These wells get easily coentemincted with nene teoc good metheds cf

drawing water and unhys enic anid indiscrininate use of the surroundings.

The importance of ccanstruction and maintenance cf sanitary
wells cannot be ovoriccikzd, sincs preveniicn is zlways batter than
cure. The wells should ke lo2at2d at a higheve elevation and as far
as possible Tran sourtes ov criviaminatiza ( ab a minimum distance
of 5C ft ), such az latrines, sentic tanks, cesspocls and sinilar
structures. lcwever, ihe distance will depend upon the nature of the
subscil. The conteur of the ~rvind should bz such that the water
wiil drain oway rom the ell in the absencz of natural crainage,
properly rrotected £311, closing away Ircm the well should be
rrevidcd te aszors dralnage around he well. The walls of the wells

should be vater-tigh® <o the dasnth of at leash 10 £t. relow the

naturs}l grouna suriac Tae well suculld e zovered.

o]

While well waters can be treated Ly the saddition of
bleaching powder or any other disinifectant cevery day, =any method
or device that will give eifective chlerine conzentration for g
pericd of 3 to & weoks at a streteh or cvem for 2 weeks, wouid be of
immense use. ¢ would ko ideal Tf this deovice ceén be cheap, sinplie

and can be fabricated with indigzenous materials and skill.
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4.1 Pot Chlorination of Wells

" which was reported to be cheap and

A " Dosing Cartridge
simple was developed in Bulgaria *. The device was a porous
earthen pot whi¢h was filled with bleaching powder and immersed
in water. The method was reported to be working efficiently for

long periods when used for disinfecting wells.

A laboratory study with a porous ceramic cylinder, 10 cm
in height, 2.5 em in diameter charged with 30 gms of bleaching
powder containing 32.3 per cent available chlorine was carried out.
The c¢ylinder was then lowered in a trough containing five liters

of well water (Figure 3 ).
»

N

~ POROUS___-...
CYLINDER ————

Al

* M. Zdravkov, " New Methods of Chlorinating Drinking Water ",
WHO/Env. San/124, 25th November, 1959.
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After every 24 hours water was stirred and chlorine estimated.

The trough was emptied daily and replenished with fresh water.
Residual chlorine in the trough was as shown in Figure 4. It is
seen that the residual chlorine in the trough dropped sharply after
the third day and continued to fall progressively. When the
c¢ylinder was taken out, a fine needle-like formation on the surface
was observed. This formation, which was mostly calcium carbonate,

was choking the pores of the cylinder.

SOOL

n W H
o) (o] o]
0 o O
T L 3 T

mg_OF CHLORINE DIFFUSED IN 24 Hrs.

n A A A A A i n e A A A A

O ! 2 3 ; S & 7 8 9 IO M 12 13 14 15 16 17 18 19

large scale experiments were then carried out with
locally available earthen pots. It was observed that these pots
had very little porosity to be useful for disinfecting large

volumes of water ( say 5000 liters ). Attempts were, therefore,
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made to make earthen pots with higher porosity by mixing larger
proportions of combustible materials like husk, saw dust, etc.
and baking these pots in the potter's furnace. Porosity could be
inereased but after a certain limit the pots could not stand baking

when the proportion of combustible materials was increased.

4.2 Porosity Determinations

In order to have a relative idea of the porosities of
different types of earthen pots, a simple experiment was set up

as shown in Figure 5.

RS

AIR

L
-J .L‘

i
il

A
— WATER

!
’ll'tL‘
['4

'llll

\ FIG.5
a‘vu' .)1 ,,‘,: ~—
As the water gradually oozed out of the pot and the level of
water in the pot fell, air entered through the upper tube thus
enabling more water to come into the pot and restore the original

level. In this way the pot was kept oozing under constant head
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and the loss of water or the porosity of th2 pot was meacurad in
terms of ml/sq em/day. Table VIIL gives the po-usivics clhiainid

for different pots.

TABLE VIIT

POROSITY MEASUREMENTS OF DIFFIRENT POWS

Nature of the pot Porosity determined Ly the
method explained In wext
ml/sq cm/day

Ceramic cylinder
(obtained from

Central Glass & 92
Ceramic Research

Institute )

Locally available 3
earthen pot

Specially made i

earthen pot

Even when morc porous pits Were ucad, oLy tract3 of
chlorine could be detected in the well and that too Zor a vey
short period. This showed that even high«™ porositics were
inadequate for allowing the relcease ¢f gufficient amcunts of
chlorine. On examination, pcres of theco poic were Zowd to b
completely choked by calcium carbonatz doposits. As the pceres
of the pots were invariably getting chelie¢ with calcium caricna*n
deposits, it was concluded that any degree of initial perceLityr
would not serve the purpose. This cobservatica was ~contrary to
that reported by Zdravkov from Bulgaria, which may bo di=m to
differences in water quality such as alkalinity and hardnezs. I

the use of holes for diffusion -of chlorine was conzidered.
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4.3 Pots with Holes in the Middle :

Experiments were then carried out in wells in Nagpur, India,
using earthen pots with holes. These wells were generally containing
9000 to 13000 liters of water, with a daily withdrawal of 900 to 1300
liters of water. Single pots were used in the beginning. In this
system two holes each of 0.2 to 0.3 em in diameter, were made in the
middle periphery of the pot, above the level of the bleaching powder.
The mouth of the pot was tied with polyethylene foil in order to
prevent entrance of fish in the pot. PVC was not used since it is
affected by strong chlorine solution. The foil was tied loosely in
order to allow air in the pot to be displaced out when the pot was
gradually lowered in the well and water entered through the holes
( Figure 6 ).

|

WATER

S ——

DIFFUSED
Cl, SOLN.

FIG.6
POT LOWERED N WELL
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A concentrated bleaching powder sclution was formed in the pot.

This solution oozed out of the holes and chlorinated the well water.

Making holes in the pot gave satisfactory results for short
periods and chlorine could be detected in the well. But the holes
were getting cnoked within 2 to 3 days. Bleaching powder also was
found to form a hard cake. The calecium hydroxide present in the
bleaching powder as well as that formed upon hydrolysis according
to equation (1) ( Art. 3.8 ) and the calcium chloride subsequently
formed according to equation (2) are unstable in alkaline water

as shown in the following reactions

Ca(OH)2 + Ca <HC03>2 —— 2 CaCO3 + 2 HQO oo (8)
Ca(OH)2 + 2 NaHCO3 i CaCO5 + Na2CO} + 2H20 ... (5)
CaCl2 + Na2093 — CaCOj + 2 NaCl ... (6)

These reactions trigger when the bleaching powder soluticn
gets diluted in the immediate vicinity of the orifice of the pot.
The precipitation of calcium carbonate becomes predominant around
the orifice and needle-shaped crystals similar to arqgonite develop
gradually reducing the effective arca of the orifice. The needles

are occasionzally hollow but always brittle.

Similar reactions leading to formation of calcium carbonate
occur inside the pot to a lesser extent and the mass becomes
harder with time. Setting of bleaching powder is mainly a process
involving absorption of carbon dioxide or reaction with
bicarbonates leading to the conversion of calcium hydroxide into

calecium carbonate ( Equation 5 ).



22

To avoid blockage it was decided to use bigger holss.
Experiments were also carried out to find a suitable method to keep
the bleaching powder In loose mass. It was observed that sand
could be used for this purpose. A mixture of sand ( 2 mm diameter )
and bleaching powder in a proportion of 2 : 1 when moistened was
found to keep bleaching powder in a loose and bulky state in the
mixture.

Experiments were then carried out with single pots of 12-15
liters capacity with two, 0.6 cm diameter, holes in the middle’
periphery of the pot and filled with moistened mixture of 1 % kg
of bleaching powder and 3 kg of sand. From these experiments it
was concluded thaet such units were suiltable to chlorinate wells
containing 9000 to 13000 liters of water, with a daily withdrawal

of 900 to 1300 liters for a period of one week.

4.4 Pots with Holes at Bottom

Experiments were thereafter carried out to prolong the period
of chlorination. During these experiments it was observed that the
position of hole at the bottom is more suitable to facilitate better
release of chlorine from the mixture. However, when the mixture
wag molstened, as before, too much chlorine came out in the initial
period. But use of a dry mixture resulted in a poor release of
chlorine. The mixture was also found to form a hard mass. To
decelarate the hardening process and to keep the reaction product

looge, it was thought to add metaphosphates which form loose and

less adherent deposits. The exact mechaniém is not understood,
though there is a possihility of the formation of hydroxyapatites
by inter-reaction between calcium carbonate and phosphase ions.

It was observed that the addition of sodium hexametaphosphate at
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the cptimum concentration of  per cent of the weight of bleaching

powder gave satisfactory regult;

The device now consisted of an earthen pot of 6 to 8 liters
capacity. Seven holes of 0.6 cm diameter were made in the bottom
of the pot. The holes were thcn covered with stones or pebbles of
2 to 4 cm size. This was then covered with pea gravel of sraller
size. A dry mixture of sand and bleaching powder along with sodium
hexametaphosphate was placed over the gravel. The pot was then
filled with pebbles or stones upto the netk to weight it and
facilitate its lowering in the water ( Figure 7 ).

Stone  pieces

Bleaching powder and scnd1
mixture.

Peo gravel,

Stones pieces 2104 Cm

FIG.No.7
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The pot was lowered with its mouth open unlike the previoué cases.

One unit was filled with a mixture of 1 é—kg of bleacning powder
mixed with the requisite quantity of sodium hexametaphosphate and
3 kg of sand. The unit was then tested in an experimental tank
of 6800 liters capacity where the entire volume of water was
emptied and replenished every day. This device gave a chlorine
residual of 0.2 to 0.4 ppm for a period of 2 weeks ( Figure 8 )

after which the holes were found to be choked.
L5 Field Work

The single pot system with multiple holes at the bottom
was then tried in village wells. The village was nearly 30 kms
from Nagpur. It had a population of nearly 2000. Wells were the
only source of water supply to these people. Each locality in
the village was served froum a well of its own. They were open
dug wells, and the village folk were drawing weter with buckets

and ropes.

Wells from different localities were choscn. Only such
wells which were serving a large number of people who had no other
well in their vicinity, were chosen for the work. The wells
contained 13,000 to 26,000 liters of water and tine doily withdrawal
from individual wells was in the range of 1300 to 3200 liters
of water. The general analysis of well waters arosund Nogpur fell

in the following range :

pH 7.5 to %

Total alkalinity ( as CaCOB) 300 to 600 mg/1
Total hardness " 200 to 600 mg/1
Phenolphthalein

alkalinity " 0

Total dissolved solids 800 to 1200 mg/l
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The results of the experiments are sumnerised in Teble IX

( also graphically illustrated in Figures 9 -~ 13 ).

TABLE IX

FIEID TRIALS WITH POTS WITH BYTTCM HOLES

Well Water Withdrawal No. of units Duration of
No. contained liters/day lowered . chlorinaticn
in the well by the unit{s)
liters

1 11,7e0. 1300 - 1800 One 17 days

2 17,53% 2700 - 3200 Two 8 "

3 22,572 2700 - 3400 we 15

4 22,20 2270 - 2700 Two 21 "

5 - 2700 Two 15 "

26,160 2270

These experiments showed that the wells could be chlorinatec

for & perliod of about 15 deys with the above system. ~

With community wells of 9290 to 130C0 liters contents and daily
draw off rates of 9O tc 1360 liters, one pot was enough to give
required chlorination. With larger wells and higher draw off rates,

2 pots were necessary per well although the chlorine residuals on
some days were on the high side. Generally the wells required 1
to 2 days to build up enough residuals after initial introduction
6f the pots.

Similar experiments at Delhi gave a residuel chlorine of
#.2 to 2.3 mg/l for a pericd of about B weeks. The quality of
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the well water used for these studiés is given below ¢

PH 7.9

Total alkalinity (as caco,) 105 mg/1

Total hardness L 54 0"

Phenolphthalein

alkalinity " O

Total dissolved solids 520 mg/1
4.6 Double Pot System

When a single pot either with holes in the middle periphery
or at the bottom, was used in small, househéld wells containing
about 40CO liters or less and having a withdrawal rate of 360 to
450 liters of water per day, it was found to over-chlorinate
such wells. Hence, it was necessary to develcp an alternative

device for small household wells.

The double pot system was mainly devised to prevent over=
chlorination of small household wells. Tt consisted of two
c¢ylindrical pots, one inside the other. This was done in order
to gilve scope for making larger holes in the inner pot and at the

same time arresting over-chlorination by the outer pot.

The outer pot was neasrly 30 cm in height and 25 cm in
diameter. The inner pot was nearly 28 em in beight ard 16 em in

diameter. These are the internal dimensions of the pots. The
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mouth cf the outer pot was wide ceaouzh to &llov the inner pot

to pass through ( Figure 14 ).

——)
t
K
\
- — -
. — -
- —- —
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) 3 — —
— - .
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H _—

The inner pot was filled with a mixture of one kg of

bleaching powder and two kg ¢f =~nd ( 2 mm digneter ) after
slightly moistening with water, A hole of 1 em diameter was

provided in betr the inner ond cuter pots. The position of the
hole in the inner pot was in the upper portioan of the pot while

that in the outer pct was & em from the bottom. The mixture
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was filled upto 3.0 8% 1 below the level of 1! hole in the

inner pot which was then lowered into the outer pot. The mouth

of the outer pot was tied with a polyethylzne foil. The unit

was then lowered in the well with the help of a2 rope, 1 meter

below the level of the water. This depth whs chosen to avoid
breakage of the potldue to ccllistenmwith buekets used to draw water.
The rope was tied either-to the suppoft of the pulley used for
drawing water or to a nail hammerecd in the inside wall of the

well.

Such a unit was found to work satisfactorily for 2 to 3
weeks 1n the small household wells containing nearly 4500 liters
of water and having a draw off ratec of 3060 to 450 liters per day.
Representative results from two wells using a double-pot system

are presented in Figures 15 and 106.

g7 Drip~type Chlorinator

An alternative device for disinfecting wells is a drip-
feed chlorinatcr, of which several types have been reportsd upon
in literature. The WHO monograph cn " Water Supply for Rural
Areas and Small Communities " ( E.G. Wagner an? J.N. Lanoix )
describes an arrangement recommenided by the New York State
Department of Heealth for this purpose *. ”Satisfactory experiences
from Sudan with similar devices improvising the use of plastic
Jerry cans with constant head orifices and carbucys with syphonie

* A
controls have been reported .

* " Water Supply for Rural Areas and Small Communities ",

E.G. Wagner and J.N. Lanoix, WHO Monograph No. 42 (1959)

*x " The Village Tank as a Source of Drinking Water ",
WHO/CWS/RD 69.1.1.969 )
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A drip~type chlorinator was Zevelcped by the Institute in
the form of a container made cf cement mortar ( 2.5 cm thick,
with chicken mesh reinforcement ) which could be mounted on the
parapet wall of a well and from which the chiorine solution was
fed by gravity through a special dropper in the outlet tube.

( Pigure 17 a4 ).

In the initial stege the outlet was proviied near the
bottom of the conteiner but was found to get choked freguently

( Pigure 17 a ).

Fig -17r @
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The positinn of the sutlet was then shifted to the surfoce of
bleaching powder sclution by using a float with sn orifice inlet

as was done in Sudan with 2 jerry cen ( Figure 17 b }.

GLASS ‘T WITH .
AN ORIFICF

POLYE THYL ENE
TRy,

This arPungement ensured a constent heal discharge, but the
inlet orifice was getting choked within twe days run. This
chokage was due to the depesition of calcium carbonate in the
crifice, owing to the interaction of stmospheric carbon diaxide

with the bleaching powler sclution.

A variation <f the above methold was workel out in which,

to avoid choking, the inlet orifice was replaca] by a larger
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irmet

D

r tube which acted oniy as a collector and control of the

S

feed rote wes Ime by providing a stop-cock in the outlet

tube ( Figure 17 c ).

ODLYETHYLENE
TUBE

STOP COCK

; . I
. “ Fig-~17¢ ¢
L .‘J
Even here the wilt suffered Tron choking difficulties
thecugn the lensgth of run wes scorewhat extended. The deposit
of celcium carbonate was now foun:d to occur on either side of

the step-cock. This Failure alse occurred when polyphosphates

were added to the blencking powder soiution.

It was spprarent from the sbove studies that drip-type
chiorinators were Jjilkely to suffer invariably from chckage due
to calcium carbonate depcsits wherever the atmospherlc carvon

dioxide came in contact witn the tleaching powder sclusion.
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In order to obviate this difficulty a specicl Jdropper
similar to cne used in medical transfusicns, was insertég.in
the outlet tube; Jjust after the stop-ccck. The outlet tube
was also now carried right down into the well and dipped into

the water ( Figure 17 d ).

1
!

LID

- FLOAT

'} GRASS |
* TWBE

BOLYETHYLENE
— TUBE

GLASS

L TR T e walL
- R YER ‘
| FIG. I7 d wA |
Such droppers made of glass are cammercially available
as they are commonly used in the hospitals. The provisicn of
such a dropper anl the extension of the outlet tube intc the

well water gave the following advontages

1. Direct contact of atmespheric carbon ‘i~xide with the

dropping bleaching powder solution was avolded. This



greatly reducad ine fermaticn and depositian of calciun

carbonate, and thus proionged the working of the unit.

2. The zlass dropper provided a conventent way for counting

thaz nurker of drons per minute, thus feeilitating

adjustment,

3. - &5 the unit continued v¢o dripn, The initial air present in
the drcepner, and the tune telor, goh dissoived out, thus
creating partisl vacawn.,  This helped i prolonzing the
perdicd cf fleow fran ac unit. Weter fram the well rosz up

g“adv"’ly in the ibe %0 2 heizat of 2 to 3 meters.

Vith guch a devica the unit gave saticfactory sorvice
for 6 to £ duys, cfier vhich “here was chokage in the stop-cock
and cleaning and meal justment was nseesszary. The contaliner wves
alsc ceapable cf holaing encugh chiceine solution for abeut ¢
weelk ' operation for a well of anpraximatcly 2C,200 to 68,000
liters centents wd a Caily withdrwyal of 2000 to 6000 liters,

nawCly, fer o aeil serving 30 to 240 neople.

Containcrs mede 2f ccrant mortar, wit chicken mesh
bd

reinforce~ent o5 dsseribed ecrlizr were found preferrable for

[¢9)

uge in the finld since elperienc: shewed that earthenwars
ontaincrs wore 1ickle ¢ be broken hy +village urching and aurable

lastic containers vere hoing piltorasd. A cement mortar

ke

cenvainer of 25 x 35 2 D2 em size corld essily accommodate chout

W

5 litera of »leaching pawder coluticn after leaving encugh
space for {frev-ihcard =t tI0 en. slucge et bottom. The Jlass
tube inlet for blcacning povder soluuion was fived 1o a woolen

or plestcic pill-t - Tlozt. T was coanzcied Lo a polyethylenc
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tube which was taken out of the contadner at the bottom. The
flow was regulated by a stop-cock, which was attached to the

tube ocutside the container. An enclosed glass dropper was
inserted in the line for counting the drop rate. This was also
helpful to detect the variation in the drip rate, and to adjust
the rate with the stdp-cock. A long rigid plastic tube connected
to the bottom of dropper was lowered in the well in such a way
that its other end was inside the water. Soft tubes could not

be used as they collapsed due to partial vacuum created in the

tube during operation.

The confainer can be kept on the parapet wall of a well
or can be permanently fixed on it. Being of cement mortar it &s
sufficiently resistant to bleaching powvceri.seilution and prevents
loss of chlorine due to sunlight. The whole unit is sturdy

and economical to bYe suitable in the village environment.

Before starfzhé;fhe chlorinator,--sufficient quantity of
bleaching_powder may be 2dded to the well water tc satisfy its
initial chiériné“demand'Which.has heep found to be generally
in the rénge of 0:5‘f07115 ppm. 1 per cent‘blééching powder
solution isAmade and Eépt~overnight,op forvéjdéy for settling
and the superngfanf is used for charging the'chlorinafor. -Highey -

concentrations are liable to lead terarly chokage problems.

4.8 Dosihéjbévicc for Hand Pumps

K

A dispenser for use with hand pumps was fabricated using
a piston and cylinder in the form of a positive displacement

pump with inlet and outlet fitted with one-way valvés. Tt was



W
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febricated in the Institute’s workshop. The dispenser as

essembled and fitted on tc a hand pump is shown in Figure 18.

The chlorine solutian dlspenser is emnected to the handle
of the pump witn a perforated strip to enable adjustment at the
time of assembly. The capacity of the container for bleaching
powder solution depends upon the amount cf water withdrewn fronm

the well and the interval between refillings.

The above dispenser was tried on a haud pump fitted on a
well in the Institute. However, ihe dispenser gave difficultics
as there was excessive lateral play in the pump handle. This
difficulty was noticed in the case of uocst commercially available
hand pumps. 7This device was nct pursued further owing to these
difficulties as well as the fact that for covered wells also

either the pot or drip~type chlorinator could be gonveniently used.

- ! Ji .
4.9 Chlcrine or Icdine Tablet Dispensers ﬂJ?AE/{;;>J>
R

The 2hlorine or iodine tablet dispenser consists of a

housing enclosing a mechanical or electrical clock-werk mechanism.
A pointer pushes a chléorine or iodine tailet from the stack into
a hole at each revoluticon. This tablet directly falls into theo
well. The stack height can be male to accommodate the number of
tablets required per day. More stacks ceon be added t2» multiply

the number of tablets to be dropped per revolution of the pcinter

( Figure 19 ).

The chlorine teblets used ir these experiments were 5 mm
thick, 10 mm in dianeter, woighed 50 mg each and were capavle of

disinfecting 100 liters of water per tablet.
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Assuming an average requirement of 27 liters of water per
person per day and considering a well which can serve 10 to 15
persons, the total daily withdrawal will be 200 - 300 liters. If
it is desired to provide a residual chlorine dose of 1 ppm in
this watef, about 3 tablets will be required per day. If 3 stacks
are provided each stack containing 30 tablets, the stacks need to

be replenished once a month.

The clock-work mechanism may be either Spring operated
with weekly winding or electrically operated for use in areas
served by electricity.

5uch devices appear to be more suitable for household wells
in suburban areas, rather than in villages, since they are likely
to be preferred where electricity is available, tablets can be
purchased, the higher unit cost of the dispenser ( Rs. lCO/- -
Rs. 2ﬁﬁ/— per unit ) is affordeble and safety from thefts is

ensured.
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5.0 ACCEPTABILITY OF CHLRRINATIED WELL VATZAS BY VILLAGERS

The villagers had never used chlorinated wacer before.
There was a lot of resistance on the part ~f the villagers 10
accept this water only because of the chlorinous taste. Some
of the villagers even wenut to the extent of going to unchlorinated
wells, which were much farther from their houses, to draw water

for drinking purposes.

Under the circumstances, the biggest handicap to any
well disinfection programme would be its acceptability by the
rural population. However, it would not be ocut of piace to menticn
here that a certain degree of enthusiasm for disinlection of wells
was showm by same individuals such as landlords and the reliativaly
educated farmers, poultry kcepers, teacners and craftsran living

In rural or suburban areas and having their owm private wells.

It would appear that in due cocurse with nroper hesa’th

. education the acceptability of chlorinated walers wili incrzece.

If the villagers are made aware Of the dangers ol conswiing
unchlorinated waters, by the use of visual aius ete. it is feit
that acceptability can be achieved in course of Lime. Mnitiad

efforts in this direction would be concentretod ¢n the relativelr

educated sectionsg of the community, as pointed cut above, wao
are more health~conscious and from vwhom the messags coull SIvha’

further in course of time.
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6.0 MECHANICAL PROPORTIONING DEVICES

Work on disinfection of piped water supplies for small
communities using mechanical proportioning devices was alsc
carried ocut. The devices studied were :

1. Venturi-type chlorinator

2. Ejector-type chlorinator

3. Direct-feed type chlorinator

4, Dpifferential pressure type chlorinator

6.1.0 Venturi and Ejector-type Chlorinators

The principle of ecreating a partizl vacuum at the ejector
end or at the throat of o venturl inserted in a pipe-line carrying
water under pressure is used in these devices. Thwe partial
vacuum, which depends on the discharge through the ejector or
the venturi, when applied tc a vessel containing a chlorine
solution at atmospheric pressure, sucks the scluticn and mixes
it with the main flow. The rate of suction ccul. be verie:l by
varying the suction pressure at the thr-oat and/or throttling the

feed pipe connecting the throat to the sclution in the containcr.

6.1.1 Venturi-type Chlorinator

A venturi was made out of 4 cm thick solid perspex block.
It consisted of a short cylindricael tube of 1.3 cm internal
diameter followed by an entrance cone of about 15O angle and a
throat of 3 mm diameter. The throat was followed by a divergent
exit cone with an angle <f about 50 to 70. At the throat,
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perpendicular to it, a small bore was drilled which formed the

inlet port for the bleaching powder sclution.

The venturil was inserted in a loop from the delivery to
the suction side of a centrifugal pump fitted on to a shallaow
well in the Institute’s premises and was tested for its
performance and any operating difficulties. The experimental

set up is shown in Figure 20.

The shallow well was of 2.5 meter diameter with its water
level 3 meters below the top of the well. The depth of water
in the well was 6 meters. A 5 per cent bleaching powder soluticn

was used for test purposes.

Prior to putting the venturi in operation, the discharge
rates of the pump at different delivery pressures were measured

and are given in the following Table.

TABLE X

Delivery pressure Disgharge
kg/3q em m” /minute
1.056 0.368
0.703 0.473
0.352 0.500
0.0 0.500

During these tests the static sucticn 1ift on the pump

varied from 3 metew in the beginning to 4.2 meter at the end
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of the test. Later, the venturi was commissioned and studied for
its minimum discharge rates of bleaching pcwder solution by
throttling the valves on either side of the venturi but without
throttling the bleaching powder solution feed tube. The

cbservations are given in Table XI.

TABLE XI

FEED RATES OF VENTURI-TYPE CHLORINATOR

Test Conditions Pump Pump Bleaching
Delivery Discharge powder
Pressure solution
feed rate
kg/sq.cm mj/mnt ml/minute

(A) Inlet to venturi
fully open

1. Outlet from venturi

partly open 1.056 0.368 250
2. Outlet from venturi

partly closed 1.056 0.368 230
3. Outlet from venturi

further throttled 1.056 0.368 : 230

(B) Outlet from venturi

fully open
1. Inlet to venturi

partly closed 1.056 0.368 380
2. Inlet to venturi

completely closed 1.056 0.368 380

(C) Inlet to the venturi
and outlet from the
venturi partly
throttled 1.056 0.368 380

(D) Inlet to the venturi
and outlet from the
venturi partly
throttled 0.703 0.47> 250
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From the obszrveticns given in Table XI, it is apparent
tnat the dosing rate of biceching powder solution 1s mainly
influenced »y the suction read cn The pump ratacr than the
custion created by the Tlo tprougn venturi. 1In fact, the
Fosirman Diaceihilng nowder solution is delivered when tuere s

no flow tirough the venturi.

With & 5 per cenc bleaching powder solution for a pump
discharge rate oI’(T&S‘w§“m%%é solution feed rate has to be in
+*he rongce of 30 ml/mln., if a chlorine dose of 1 ppm is desired
in the water delivered fron the pumn., If 1 per cent bleaching
powder soluiion is used the feed rote can e stepped up to
150 ml/min. However, the above obs:irvetions indicated that such
lew rates were not ensy Lo 23jast properly unless there was

throttling of the bleaching powder solution feed tube.

With a visw t¢ reduczs the bleaching powder solution feed
rate, o pinch-cock was used in tie sclution feed tube. With a
5 per cent bleaching powder solution feed rates of 20, 30 «nd
5C m]/min, vere tyieda. A4t all these rates choking was found
t0 ceeur within an hoar in the sclucion feed tube below the
pincu-cock cle to the formoticr of gas bubbues and the unit
became inoperative. The formavion of gas bubbles belovi the
rinch~cock may he attributed to the releass of dissclved
chlorine gan urder the »nrevalent negavive pressure in tae

solution feed tuvbe.

Turihermoce, the venouri itselt was round to suffer
from cholage difficvlties. When tha venturi was operated for
a2 desired rned ratc of Lleanlidnz povder solution, it was

chserved that the fesd rate dropped considerably within o
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period of 2 hours and complete chokage occurred in about 4
hours. Tt was found, on examination, that the throat of the
venturi, where the well water mixed with the bleaching powder
solution was choked with the formation of deposits of caleium

carbonate.

Additicn of soda ash to bleaching powler in the ratio
of 1 : 5 which was found satisfactory £or use in the differential
pressure type chlorinacor described later was alsc tried.
However, this procedure did not very much improve the situaticn

and choking of the venturi was zgain observed.

6.1.2 Ejector-type Chlorinator

Experiments with an imported ejectcr-type chlorinstor
( Figure 21 ) were also found to suffer from the same problem
of drop in feed rate as described azbove due to fiormetion of
calcium carbcnate depeosits resulting in eventual chokeze of the

unit within a few hours of operaticn.

6.2 . Direct~Feed Device

In the case of venturi-type chlorinator the solution
feed rate is dependent on the suction created at the throat
of the venturi. It is true that the amount of suction at the
throat is governed by the discharge through the venturi wlen
it is inserted in a rising main. But in the present set up,
where the inlet and outlet of the venturi are connected to the
delivery and suctinn sides of the pump respectively, the amount

of suction created at the throat of the venturi is greatly
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influenced by the suction head on the pump rather than that
produced due to the flow through the venturi itself, as
described éarlier. This is clearly indicated by the fact that
when the inlet to the venturi is fully closed and the outlet
fully open, the maximum suctin rate is obtained (See Table XI ).
Though there is no flow of high pressure water through tne
venturi, maximum solution feed rate is obtained since the

same sucti... nead that 1s on the pump iz applied at the

throet of the venturi.

This fact indicated the possibility of eliminating the
gadgets described earlier and using a feed system connected

direct to the suction side of the pump.

In further experiments, a direct connection was made
from the bleaching powder solution reservoir to the suction
line of a centrifugel pump ( Figure 22 ). A pinch-cock was
used on the polyethylenc tube carrying the chlorine solution
to control the feed rate. This method was found satisfactory
t0 chlorinate water from wells, fitted with centrifugal pumps,
as can be seen from the observations recorded in Table XII.

The feed rate wes found to remain fairly constant for long

pericds.
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TABLE XII
REDUCTION IN FEED RATE WITH TIME

VENTURI-TYPE CHILRTNATOR
Feed Rate with 1 % Bleaching Powder Solution

Sl

R
Nz? gzart Rate of solution sucked in nfl /min at Jifferent times
% hr 1 ht 1 % hrs 2 hrs 3 hrs 4 brs 5 hrs
133 111 o7 40 5 - - -
170 130 S0 50 10 - - -
154 143 83 30 2 - - -
EJECTOR~TYPE CHLORINATOR
Feed Rate with 1 % Bleaching Powder Solution

168 140 84 56 28 - - -
168 140 84 56 4o - - -
168 168 84 56 28 - - -

EJECTOR~TYPE Cl/BwR INATOR

S — o — - - -

Feed Rate with 1 % Bleaching Powder Sclution ( to which soda ash addeld )
168 126 112 84 56 - - -
168 168 140 112 70 28 - -
168 168 140 112 84 28 - -
DIRECT FEED
Feed Rate with 1 % Bleaching Powder Solution
1 168 168 168 168 168 140 140 140
2 168 168 168 168 140 140 140 140
3 168 168 168 168 168 140 140 140
4 168 168 140 140 140 140 140 140
5 168 168 168 140 140 140 140 140
6 168 140 140 140 140 140 140 140



5

This method of application would be the simplest possible
ﬁéfhod to use for pumped water supplies for small communities.
Bleaching powder solution of 1 per cent strength would have to
be made up to last at least for ¢ne day. Bleaching pow&er
solution if not allowed to settle properly contains suspended
particles, and thus causes obstruction at the pinch-cock,
resulting in stoppage of the flow. It is, therefore, necessary
that the solution should be clear. The bleaching powder
solution should be allowed to settle for 24 hours and then
carefully withdrawn without disturbing the sludge at the bottom.
It should be filtered through a piece of fine cloth to avoid

larger particles.

The solution container should be of adequate size to
ensure that some solution is left behind at the end of the day's
run to prevent air from entering the pump suction side. Care
mist also be taken to shut-off the solution feed line when the
pump is stopped. The rate of chlorine dosing depends on tne
quality of the water and has to be adjusted by trial end error

depending upon the chlorine residuals desired.

6.3 Differential Pressure Type Chlorinator

The principle of operation of this unit 1s based upon the
utilisation of the differential pressure, set up by insertio
of an orifice plate or a venturi tube in the discharge main to
squeeze chlorine solution from a rubber bag and inject it into

the main flow.

The unit cconsists essentially of a pressure vessel

centaining a loose replaceable rubber bag secured at its neck
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to the top of the vessel by a rubber lined nock piece, in the
side of whieh a flanged outlet pipe is fitted { Figure 93 ).

A top e¢over plate, which bolts on to the neck piece is provided
with a quick release cover by which the soluticn is filled into
the feeder. Alternately, when several £illings are required
per day a separate solution preparation vessel can be provided
with a pipe leading to the feeder so that quick recharging can

be effected.

The high pressure water on the upstream side of the
orifice plate connected to the body of the doser squeezes the
rubber baz containing the bleaching powder solution and forces
the solution through the outlet pipe into the main, carrying the
water to be treated. The inlet to, and the outlet from, the doser,
are provided with gate valves. In addition, the outlet tube is
provided with a needle valve to regulate the flow of th:z bleaching
powder solution. A drain pipe is incorporated intc the body of
the pressure vessel to drain the water whiles recharging is

carried out.

When bleaching powder solution is added to the water, a
baffled acid proof mixing section is provided for insertion into
the pipe line just after the point where the solution enters the
line. The valves and piping on the sutlet side of the doser have

to be of corrosion resistant material.

The performance of such units was studied both in the
Institute and elsewhere ( five installations totally ). These
were found to give satisfactory performance and are suitable for

chlorinating small community water supplies with bleaching powder
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solution censisting of bleaching powder and soda ash in the
ratio of 5 : 1. ( The addition of soda ash helps to convert
calcium hypochlorite into sodium hypochlorite and reduce
deposition ). However, the rubber bag. needs frequent replace-
ment, generally once in 4 to 8 months. The differential pressure
type chlcrinacors are commercially marketed in this country and
are widely used for disinfection of water supplies. There
should be a minimum of 10 psi pressure in the main line carrying

water for proper functioning of these units,

Assuming a bleaching powder solution of 1000 ppm of
available chlorine is used, the recharging interval for the
different capacities of chlorinators available is given in

Table XITT.

TABLE XTII

RECHARGE INTERVAL FOR DIFFERENT SIZED CHLOﬁINATORS

Popu~ Daily Volume of Recharge interval (days) with a
lation supply bleaching doser capacity of
at the powder 35 70 100 140
rate of solution lits. lits. 1lits. lits.
50 litres required
per ~nopita in liters
to give
1 ppm dose
100 5000 5 7 14 20 28
200 12000 10 3.5 7.0 10 14
5C0 25000 25 1.4 2.8 4 5.6
1000 50000 50 0.7 1.4 2 2.8
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7.0 CHIARINE TEST KIT

Any well water disinfection programne will not be
successful unless we have 2 simple kit to enable an unskilled
villager to test for the chlorine concentration of the well
waters. The presently available chlorine testing kits in the

market are fairly simple but expensive costing Rs.l0¢ - 200.

The Institute has fabricated a simple, compact and sturdy
chloroscope from indigenously available materisls (see photo ;.
The total cost of this unit is Rs. 15/~ which is within the
reach of rural communities. This will fill the gap for the long-
felt need for a simple and cheap residual chlorine testing kit
for the implementation of the community water supply schemes.
This unit ~an detect chlorine concentrations in the range of

8.1 to 1.00 ppm.

The kit consists of the following :

1. "Two sample tubes, one for the control and other for
test

2. TFour standard coloured discs corresponding to 0.1,
0.2, 0.5 and 1 mg/1 of chlorine

3. An amber coloured orthotolidine reagent dropper

The use of such kits is very well xnown and needs nc

elaboration here.

Standard Colour Discs

Permanent colours corresponding to the standard ccliours:

for different concentraticn of chlorine are fixed in gelatin,
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sandwiched between two glass cover-slips and fitted into the
box. Such stendard colour discs developed by the Institute
have been fomnd perfectly stable over a period of 2 years now.
They are still under observation for any possible deterioration

of colour with tim-.
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SUMMARY AND CONCLUSIONS

Various disinfection techniques for small community water
supplies were studied in order to access their perfocrmance with
open dug wells as well as piped water supplies. Some of the known
techniques were tried, a few were modified and few entirely new
methods were developed. The disinfectant used in each case was
bleaching powder. Other disinfectants were not used as they may
not be readily available in all developing ccuntries and were also

not included in the scope of the present study.

The first part of the investigation was confined to a
study of characteristics of bleaching powder in solid and liquid

forms. The essential conclusions were :

1. The available chlorine in bleaching powder manufactured
in India was in the range of 32 to 35 per cent and the
heat stability tests ( fracticn of available chlorine lost
at 107° + 2°¢ in 2 hrs ) revealed that the chlorine loss
was in the range of 1/16 to 1/10. According to the specifica-
tions stipulated by the Indian Standards Institution, the
available chlorine should be 33 per cent and fhe loss of
chlorine in the ' Heat Stability Test ! should not be
more than 1/11.

2. During storage, frequent opening of the bleaching powder
container resulted in a loss of nearly 5 per cent chlorine
in 40 days while the loss was 18 per cent if the container
was fully kept open during this pericd. T
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While preparing bleaching powder solution in water,

it was observed that a solution upto 5 per cent

could be made without much loss of chlorine. Prepara-
tion of stronger solutions, say 10 per cent and above
resulted in the lcss of eonsiderable quantity of

chlorine.

Storage of bleaching powder solution containing nearly
10,000 ppm chlorine did not indicate any significant
loss of chlorine for 10 days when the contalners were
protected from day-light. Nearly %40 per cent of the
chlorine was lost in the same period when the containers

were exposed to day-light.

The second part of the investigation was concerned

with the use of various types of simple feeding devices for

open dug wells such as carthen pots and drip-type chlorinators.

The investigation was further extended to cover feeding

devices which could be used in connection with piped water

supplies for small communities. The various methods were

found to have their pros and cons, which have been

summarised below for ready referecnce
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SINGLE POT WITH HOLES IN MIDDLE

éne unit will chlorinate wells
of oex0 to 13700 liters contents
and having & withdrawal rate of
900 to 1320 liters/day ( i.c.,

serving 40-60 people per cday )

Unit is filled with 1 % kg of
bleaching powder mixed with 3 kg
of coarse sand ( 2 mm and above )
covered and suspended 1 meter
below water level. Neeads

replenishing every week.

SINGLE POT WITH HOLES AT BCTTOM

One unit will chlcrinate wells

of 9000 to 132900 liters contents
and having a withdrawal rate of
9C® to 1300 liters per day ( i.e.,
serving 40-60 pecple/day ). More
number of units may be used for

larger wells.

Unit is filled with 1 % kg of
bleaching powder mixed with 3 kg
of coarse sand as before but with
addition of 75 gm of sodium
hexametaphosphate. It is then

packed with gravel upto the top and

- suspended-1_meter below waber level.

Needs replenishiné of chemicals

every 2 wecksg,
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DOUBLE POT WITH A HOLE IN EACH POT

One unit will chlorinate wells of
2600 to 4500 liters contents and
having a withdrawal rate of 360
to 450 liters per day ( i.e.,
serving 15-20 pezople per day ).

The inner pot is filled with 1 kg
of bhleaching powder with 2 kg of
coarse sand ( 2 mm and above ) and
placed inside the outer pot. The
mouth is loosely covered and the
unit lowered as before. Needs
replenishing every 3 weeks., Ideal

for individual household wells.

DRIP CHLORINATOR

It can be used to disinfectant

either cpen dug wells or covered
wells,

60, 000

which contain 20,000 to

liters with a daily with-
drawal of 2000 to 6000 liters.
(i.e., serving 80 to 240 persons )
The unit needs refilling after 2

to 5 days depending on the consum-
ption. 1 % soluticn of bleaching

powder is used.
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GADGET FOR ATTACHMENT TO
AND PUMP

A bleaching powder
sclutinn dispenser for
use with hand pumps was
experimented with but
could not be successfully
used due toc various
reasons such as play in
the pump handle. Hence
further work was

discontinued.

CHLORINE AND IODINE TABLET
DISPENSER

This device uses a mecha-

nical or electrical clock~
work mechanism for dropping
stacked tablets, one at a
time, into the well through
a2 hole at each revolution.
Its initiasl cost iIs about
Rs. 100 - 200 per unit and
appears to be more suitable
for household wells in subur-
ban areas, where electricity
is available and tablets

can be purchased.

Not reccmmended for villages

due t¢ possible pilfersge.
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VENTURI AND EJECTOR-TYPE
C'ILORINATORS

These chlorinators which

are available commer ially
and sometimes used with
piped water supnlies were
found to be unsatisfactory
owing to rapid chokaze by
CaCO3 deposits at throats.
Hence not reccmmended. Costs
are also high ranging from
Rs. 800/- to Rs. 1000/-

per unit.

DIRECT~FEED TYPE CHLORINATOR

A simple method of disinf-
ection of piped supplies is
to feed bleaching powlar
solution directly in *the
sucticn line of the centri-
Tugal pump used for drawing
water. The dose is adjusted
by using a pinch-cock on the
feed containing 1 % soluti -~
in enough quantity to last

1 day and yet leave a
surplus to prevent air fraom
entering the suction side.
This method reguires no
special gadgets and has been
found satisfactory in

operaticn.
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DIFFERENTTIAL PRESSURE TY. E
CHLORIWATCR

This type of chlcorinator
is commercially available
Tor use with piped water
supplies. A solution
containing bleaching
powder and soda ash in

f the proportion of 5 : 1
is filled in a rubber bag

from which it is gredually

squeezed out in propcrtion

to the differential

pressure across an orifice

t
v plate. The rate is

adjusted by a needle valve.

This type of chlorinator

thoush expensive { Rs.1500

- 300+ ) is widely used

r- R AL e £ 18 T — A8 ¥ St bk -

and found to be quite
satisfactory except for
the need to replace the
rubber bag ( costing about
Rs. 200/- ) every 4 to

6 months.



