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National Environmental Engineering Research Institute
(NEERI) wunder the Council of Scientific and Industrial
Research hae been identified to impart training and
technology awareness under "Technology Mission on Drinking
Water in Villages and Relzted Water Management', o as to
ensure the availability of an adegquate quantity of drinking
water of acceptable quality. The technologies entrusted to
NEERI in recognition of its R and D experiences include iron
removal, defluoridation, disinfection, surface water
treatment &and slow sand filtration. The training of the
personnel and demonestration of these technologies have been
considered as an essential part of technology a@areness in

masges.

Iron is an essential element in both plant and animal
metabolism, and influenced by its concentration and forms of
iron dissolved in natural water. Ferrous carbonate and
ferrous sulphide are important iron minerals whose
eolubility is pH dependent. Under favourable conditions,
common 1iron Dbearing minerals may be attacked by water, and
enough iron thus may get dissolved, to be troublesome to the

water users.

States of Orissa, Bihar, Assam, West Bengal, Madhya
Pradesh, Meghalaya, Tripura, Maharashtra, Kerala and
Tamilnadu have been found to have ground waters contaminated

with varying concentrations of ‘ iron which reguires



appropriate treatment for ite removal. All waters whose iron
concentration exceed 1 mg/L need suitable treatment for its

removal.

Mirzapur district in UP state was identified for iron
problem. The hand pump water from certain part of the
district contains iron 1in excessive 1limit which needs
appropriate treatment to make it potable. NEERI scientists
visited Mirzapur and carried out water quality assessment of
problem villages to identify high concentration of iron in
hand pump water for installation of Iron Removal Plants for
hand pump connection. In the follow up interaction with
Engineer in Chief, U.P. Jal Nigam Lucknow,, it was proposed
to hold a regional camp on Iron Removal at Mirzapur during
25-27 November, 1987, under the joint auspices of NEERI and

U.P. Jal Nigam Mirzapur.

OBJECTIVEDS

Iron in drinking water is not desired since it causes
aesthetic problems, metallic taste, colour and turbidity
after storage. It reduces the carrying capacity of pipe and
stains utensils and clothes. Iron Removal Technology is well
established and understood. The policy of NEERI is that when
its technologies are demonstrated, there should be a
gathering of concerned water supply engineers for proper
exchange of information at various levels. The major

objectives of the training camp are



i) To appraise the procedures for sample collection.

ii) To conduct spot tests to identify diegsclved iron
with the &assistance of NEERI- Iron Determination

Field Kit.

iii) To familiarize the participants with the various
designs available with NEERI on iron removal, and to
arrive at an optimum system for iron removal for a

particular situation.

iv) To install Demonstration lIron Removal Plants and to

make the participants study their performances.

v) To create awareness among the local public and to
ensure their participation during demonstration of

Iron Removal Plants.

‘Iron removal field camp has to be held at a place where
the ground water contains iron causing problems to the
public and the engineers. Mirzapur is suitable for the camp
'in view of its most of the areas of ground water with

excessive quantities of dissolved iron.

PREPARATION FOR THE CAMP :

NEERI scientists attended WTM meeting at Mirzapur

during November 1886, arranged by state Govt., U.P. Jal



Nigam. During this period, NEERI ecientists visited
Jagdiehpur, Dadra and other places and studied water quality

of 5-6 hand pumpe &nd found iron concentration up to 5 ppm

Shri R.C. Dixit, Scientist, Delhi Zonal Laboratory has
carried out Water Quality Assessment of 13 hand pumpe during
25 - 29 August 1987 for parameterse pH, conductivity,
alkalinity, hardness, iron &and mangnese. The resulis are

shown in Table 1.

A meeting was held with Engineer-in-Chief U.P. Jal
Nigam Lucknow and NEERI scientists on 25th August, 1987 at
Lucknow regarding Iron Removal Camp which was to be held at
Mirzapur during November 1987. NEERI scientists visited
Mirzapur to plan the camp particuiars with U0.P. Jal Nigam
Mirzapur and to select the site for installation of Iron
Removal Plants. During the visit, NEERI scientist agreed +to
install +two Iron Removal Plants at village Dadra. One plant
was decided to be installed at the hand pump located in the
premises of Block Development Office (BDO) Campus and
another plant on road side hand pump. Two Iron Removal
Plante each of 0.3m3/h capacity were fabricated in NEERI
workshop out of M.S. and galvahised sheet. All the camp
training matérials, demonstration plants, glassware and
chemicals were sent by team for proper installation of the
plante. The progress of the installation of the NEERI iron
removal plants at Dadra village in Mirzapur was monitored by
visiting NEERI scientists, in order that.the installation

could be over in time.



A NEERI team comprising of four ecientiste reached
Mirzapur on November 21st, 1987. Iron Removal Plants and
other materials were received on 23.11.87 at Mirzapur. After
receiving the plants, they were taken +to the site for
installation. Other materiale 1like stone chips, marble
chips, hose pipe etc. required for installation purposes
were collécted from the market. U.P. Jal Nigam Mirzapur,
raised the pump height by 2-3 feet and constructed the

platform for installation of plants.

Participante: All the engineers from U.P. Jal Nigam
Mirzapur including S.E. and his subordinate staff,

participated in the camp.

Faculty : The faculty mainly comprised of scientists

and an engineer from NEERI. Apart.from classroom lectures
and design exercises, the participants were taken to the
villages of Marihan Dblock for spot evaluation of the hand

punp water quality at three locations.

~

CAMP PROGRAMME

- This included training, spot water gquality evaluation,
installation of Iron Removal Plant, plant evaluation and its

demonstration.



TRAINING

All the engineers of U. P. Jal Nigam working in
Mirzapur district participated in the camp. The folders
containing packages on defluoridation, ir&n removal, slow
sand filtration, etc. were given to the participants. Dr.
V.P. Thergaonkar gave an introductory talk on water Qquality
assessment and interpretation of water quality test results.
Mr. V.P. Deshpande gave the lecture on the design aspects of
the 1Iron Removal Plants for small communities. A field
design problem for Iron Removal Plants for capacities of 300
to 5000 population, was dealt with in detail. A talk on Iron
Removal Technology developed by NEERI (Nagpur) was given by
Mrs. M.V. Vaidya. The importance and the operation of the
Iron Removal Plants was explained to the BDO staff in the
local language. This has created awareness in the people.

Water analysis was explained by Mr. A.M. Deshkar.

A video film consisting of important activities carried
out by NEERI on iron removal, defluoridation, slow sand
filtration, disinfection, water quallty etc.was shown to the

participants of Mirzapur.

] S8

NEERI faculty along with all the participants, visited
villages in block Madihan and Rajgarh, which are having
excessive iron problem in hand pump waters. Practical

demonstration of sanpling from hand pump and estimation of



parameters pH, free diesolved carbondioxide, dissolved iron
etc.wase given &t the epot with help of Field Teeting Kits.

Résults are shown in the Table 2.

Q ) G 28 ( (

Iron Removal Plant wae installed by NEERI ecientists
Mrs. M.V. Vaidya and A.M. Deshkar on hand pump located in
Blbck Campus at Dadra. The U.P. Jal Nigam raised £he height
of hand pump by 2-3 feet for feeding the pump water to the
blant-under gravity. The plant wase operated continuously for
12 houres by engaging two labourers for curing the zeration

media, after commissioning the plant.

The plant was evaluated for its iron removal
cap%city.The plant was run continuously and hourly samples
were collected from hand pump (raw water), after aseration in
tray aeratorse, settling tank and delivery tap of the plant.
The samples were analysed for pH, COz, dissolved oxygen
and iron concentration. The plan®t could not run beyond 31/2
houre as hand pump water was exhauvsted. In all samples from
delivery +tap of +the plant the iron concentration was
observed to be nil. The resulte of +the plant evaluation
studies &are given in Table 2.This shows that the plant gave
excellent performance with respect to removal of iron from
hand pump water. The iron concentration in hénd punp water

varied between 10 & 7 mg/L.



DEMONSTRATION OF IRON REMOVAL PLANT

The Iron Removal Plant wae demonstrated by the faculty
to the participants, ADM, BDO, Health Officer and nearby
villagers for its working performance and estimation of
water quality parameters. Tﬁe participants took the samples
of raw water and treated water and estimated the iron
c&ncentration. The participants were pleased to observe
'absence of iron in treated water from raw water initial

concentration of 8 mg/L.
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TABLE 2

Spot Analveis of Raw Water Samples

Village Block ‘ : pH COz Fe
Kalwari Khurd Marihan 6.2 40 mg/L 1.0-1.5 mg/L
Kalwari Mafi Rajgarh 6.4 185 mg/L 3-4
Koflosa - 6.8 70 mg/L 2-3

gheosaram




TABLE 3
{Based on the Iron Removal Tecbnology Developed by NEERI)

I I 1 I
Baw Water -After Leration Bffluent fros Delivery tap of the
(hand pump) froa tray Aerators Settling chamber plant (Treated water)
Sampling hours 0 1 2 3 1 2 3 1 2 3 1 2 3
pl 6.8 6.8 6.7 6.8 13 1.3 1.2
C0z wg/L 64 64 65 63 { 5 5
D0 mg/l 0.5 05 05 05 1.5 1.2 7.3 6.0 62 63 6 6.2 6.3 |

Fe ag/L 10 10 y 1.5 0 0 0
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ANNEXURE II1

The Gram Pramukh of village Rajgarh and a lecturer 6f a
local <college were present during installation of iron
removal plant at Dadra, with the request that NEERI
scientiste should wvisit +the hand pump, located in Kisan
Intermediate College, Rajgarh. They had problems of foul
smell and bad taste with hand pump water. Accordingly, the
water sample from the pump was collected and tested for iron
concentration which was observed +to be 4mg/L. The Pump’s
impeller movement was not proper and it used to +take long
time to deliver water and delivery of water was much less as
compared to its usual discharge. This was informed £o the
concerned authority as its repair had become necessary.
Kisan Intermediate College has one open well in the premises
which dsed to become dry during summer and the only source
remaine is the hand pump water. The strength of the college
is more than thousand students. The hand pump water contains
high concentration of iron and requires +treatment for
potable use. Keeping all these points in view, and with the
consent of U.P. Jal Nigam authority, NEERI scientists
decided to instal another Iron Removal Plant at the hand
pump located in the Kisan Intermediate College instead of
Dadra near road side pump. The Iron Removal Plant was to
instal at the existing height of hand pump, wusing the
technique developed by UNICEF Project Unit of U.P. Jal Nigam
for lifting the water. This plant could not be installed by
NEERI scientists due to shortage of time, and the same will

be done by U.P. Jal Nigam, Mirzapur.



ANNEXURE IV
TECHNOLOGY MISSION ON
DRINKING WATER IN VILLAGES
AND RELATED WATER MANAGEMENT

REGIONAL TRAINING CAMP ON IRON REMOVAL
AT MIRZAPUR

NOV. 25-27. 1987

NEERI’S
IRON REMOVAL PLANT

{For Hand Pump Connections)

The hand pump water falls over a sprayer +tray, from
where it trickles over to an aerator tray. The aerator tray
contains media of size 1-4 cm gravel/crushed stone +to
increase the surface area of air-water interphase. The
aerated water from the tray flows +through +the pores over

baffle plate to the sedimentation tank.

Ground water containing Iron in Fe++ form, oxidises
to Fet+++ form by dissolved air. The Ferric iron is
insoluble and comes out as precipitate. The precipitated
iron settles in sedimentation tank. The sedimentation tank
is provided with a plate settling device +to enhance the
settling. The settled water flows through plate settlers to

filter bed.



The filter bed contains sand media of size 1-2 mm
diameter. The sand bed is supported by a supporting gravel
of size 4-6 mm. The depth of gravel 1is about 5 cm. The
gravels are placed over perforated sheet. The filtered water

is taken out by the tap attached to it.

Maint & CI . £ Filt

After installation of the plant about 300 L of water
has to be pumped to get water from tap. The needy person has

to pump the water and collect the iron-free water from the

tap. The precipitated ferric iron settles in the settling -

tank as sludge and requires scour periodically according to
the 1iron concentration in raw water and quantity of water
pumped. The calculated periodicity is given in Table 3. The
filter gets choked by carrying unsettled iron particles and
requires to be cleaned periodically. The cleaning of filter
and scouring of sludge can be coupled together. the sprayer
tray, aerator tray and baffle sheet are removed. The hand
pump is connected with the bottom of the filter.The sand bed

is scoured manually by hand shaking.

The hand pump is operated with possible high epeed to
back wash the filter bed. This operation should be done in a
sequence without any pause. The operation of the hand pump
is continued till clean water accumulates over the sand bed.
When filter gets cleaned, close the scouring valve and
baffle sheet, aerator tray, and sprayer tray are replaced

and the Unit will be ready for operation.
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HAND PUMP CONNECTION
DESIGN CRITERIA

Plant Capacity A 300 L/hour
Hand Pump INDIA Mark-11

or equivalent
Flow Rate (ave.) 5 L/min
Sprayer Tray 90 x 90 x 5 cm?
Aerator Tray 80 x 90 x 12 cm3

packed with 1 cm - 4 cm dia.

-gravel.
Sedimentation Tank 90 x 90 x 40 cm3
-- Detention time 40 minutes
-- Plate settler 4 Nos. plates

90 x 28 cm. area
at 450 angle.
distance in between: 2.5 cm

-- Baffle plate To avoid mixing with
incoming aerated water in
settling tank.

Sand Filter 90 x 30 x 50 cm3
-- Sand bed 90 x 30 x 15 cm3
-- Effective size 1-2 mm
-- Depth 15 cm.
-- Filtration rate 2 cm/min.
-- Support gravel: size 4-6 mm
depth 5 Cch
-- Perforated plate 90 x 30 cm?

-- Sand to be cleaned by
manual scouring.



TABLE 4

arameter

2 4

IRON CONTENT IN RAW WATER (me/L)
1

5

6 8 10

20

1 Fe/m3
Raw Water

r/m3 Fe(OH)3
pPprox.

Te(OH)3 in
b m3/d
in gms.

Fe(OH)3 per week
35 m3/week)

Percentage of
s5ludge in 50 L
scouring :
volume/week

Scouring time
in davs keeping
sludge concen-
tration 5% and
scouring volume
50 L for 5 m3/4d
treated water

20 40

140g 280g

0.28% 0.56%

125 4 63 d

6 8 10 15

12 16 20 30

60 80 100 150

420g 560g 700g 1050g

0.74% 1.12% 1.40% 2.10%

42 d 31 d 25 d 17 4

20

40

200

1400g

13 4
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