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ABSTRACT 
Trace elements are essential for human health. However, excess concentration of these elements 
cause health disorders. Iron as is harmless, though sometimes annoying element present in public and 
private water supplies also forms red oxyhydroxide precipitates that leads to unpalatable tastes, stains 
laundry and plumbing fixtures and thus becomes an objectionable impurity. Iron is the major 
contaminant of the ground water in the Kashmir valley (India). The major source of this 
contamination is geogenic, because of Karewa which occupy the major part of the Kashmir valley. 
Iron is released into ground water from clays and sands of aquifers. Generally, ground water from 
deep tube wells contains iron where aquifers are rich in iron carbonates and iron sulphates. Iron 
content in the exploratory wells drilled by Central Ground Water Board (CGWB) in the Kashmir 
valley is quite high (>14 mg/l). Iron with high contents of gases is also observed at Pattan in 
Baramula district. The most common form of iron in solution in ground water is the ferrous ion 
(Fe+2). A criterion level of 0.3 mg/l Fe (total iron) has been proposed for drinking purposes and for 
protection of the aquatic environment by Bureau of Indian Standard. Soluble iron can be removed by 
a reverse osmosis process which is a very costly affair and economically infeasible, particularly for 
community water supply. The simplest iron removal plant unit has been developed by National 
Environmental Engineering Research Institute (NEERI) and is referred as, Domestic Iron Removal 
Unit (DIRU) suitable for rural purposes and can be built form locally available skill. Also HCAC and 
ACLP can also be used for removal of Iron from water.  Present paper depicts occurrence of excess 
iron in ground water samples collected from deep aquifers in 21 exploratory wells drilled by Central 
Ground Water Board (CGWB) in the Kashmir valley. 
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INTRODUCTION 
Nature of ground water 
India is a vast country with varied 
hydrogeological situations resulting from 
diversified geological, climatological and 
topographic settings. Ground water is an 
essential and vital component of our life 
support system. The ground water resources 
are being utilized for drinking, irrigation and 
industrial purposes. The water-bearing rock 
formations range in age from archaean to 
recent and the chemical composition of ground 
water is predominantly influenced by type of 
soils, depth of well and lithology of subsurface 
geological formations through which ground   
water   passes. Chemically, the downward 
percolating    water   is enriched in CO2.  It can  

also act as a strong weathering agent apart 
from general solution effect. Consequently, the 
chemical composition of ground water varies 
from place to place. Ground water contains a 
wide variety of dissolved inorganic chemical 
constituents in various concentrations, 
resulting from chemical and biochemical 
interactions between water and the geological 
formations. In most cases apart from the 
presence of objectionable level of iron, the 
groundwater is found to be fairly fit for 
drinking purpose.1  Heavier amount of iron can 
cause serious health problems. Toxicity of iron 
may damage the liver, heart and endocrine 
glands leading to life threatening problems.2 
Inorganic contaminants include salinity, 
chloride, fluoride, nitrate, iron and arsenic 
which are important in determining the *Author for correspondence 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development        Vol. 8 No. 2, October-December 2013  

262 
 

suitability of ground water for drinking 
purposes. 
Geology of study area  
Kashmir valley represents a part of the Kashmir 
Nappe occupied by sediments of Karewa Basin. 
It is an oval-shaped basin, bounded by highly 
glaciated lofty mountains of the Higher 
Himalaya to the northeast and Pir Panjal Range 
to the southwest. It is about 140 km in length and 
40 km in width, trending in the NNW–SSE 
direction.  It  comprises  intermountain  valley fill  

sediments of Karewa group. These plateau-like 
terraces are called ‘Karewa’ or ‘Vudra’ in the 
local language.3 The sediments of Karewa group 
ranges in age from Late Neogene to Quaternary, 
represents about 1300 m thick succession of 
sand, mud, clay and gravels exposed in the river 
valleys and the plateau margins of the entire 
Kashmir valley.4 The Karewa basin preserves a 
record of sediment fill in an intermontane basin 
(lake) formed during the Late Neogene to 
Quaternary period (Fig. 1 and Table 1). 

               
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1 : Geology of Karewa formation 

Table 1 :  Lithiostratigraphy of the Karewa group  
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Behaviour of ground water in Karewa 
sediments 
The vast thickness of Karewa group of 
sediments plays an important role in terms of 
occurrence and movement of ground water. 
The    tectonic   disturbances   at   the time of 
deposition   of   Karewa sediments resulted in the 
variable extension of horizons and 
complicated the subsurface configuration of 
aquifers which have affected the movement 
of ground water and its chemical evolution.5 
In    Kashmir   valley   main   water   bearing  

horizons mainly lies in the Karewas (Fig. 2). 

MATERIAL AND METHODS 
A total number of 21 exploratory wells were 
drilled at different locations for tapping deep 
aquifers, varying in depth from 70 m to 200 m 
in Kashmir valley. Considering the soft 
sediments of Karewa group, Direct Rotary rig 
was deployed for drilling in the wells. Both 
normal and acidified ground water samples 
were collected for deciphering the water 
quality.

 

 

 

 

 

 

 

 

 
 

Fig. 2 : Location of EWs in valley 

The collected water samples were filtered 
with whatmann filter paper no. 41 (0.45mm 
pore size) for the estimation of dissolved 
metal content. Filtered water samples were 
preserved with 2ml conc. HNO3 to prevent 
precipitation of soluble metal ions followed 
the water samples were subjected to analysis 
of heavy metal ion concentration in flash 
spectrophotometer.6 The collected samples 
were analyzed by adopting standard methods 
of analysis of water and waste water 
analysis. The pH and EC were measured by 
using pH and EC meter respectively. 
Carbonate and bicarbonate were determined 
titrimetrically (acid base titration). Total 
hardness, calcium and magnesium were 
determined titrimetrically using standard 
EDTA solution. Chemical analysis was also 
carried out  for basic as well as heavy metals  

using Atomic Absorption Spectroscope (AAS).   
Iron   was   determined   using   UV 
Spectroscope and values were calibrated in mg/l. 

RESULTS AND DISCUSSION 
Occurrence of iron in deep aquifers 
The chemical analysis of ground water  
decipher that irrespective of the other 
constituents the concentration of iron is 
remarkably reported high which is higher 
than the permissible limits according to set 
BIS norms of drinking water 2010 (0.3 
mg/l).7 The chemical quality analysis of 
water samples revels that ground water of 
the valley is suitable for drinking and 
irrigation requirements except the presence 
of high iron content and the presence of 
marshy gas which gives foul smell             
and erratic taste in ground water.               
The     concentration    of     iron    in     deep  
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aquifers of the study area indicates that 
lithologically the Karewa formations are rich 

in carbonates and sulphates of iron (Fig. 3 and 
Table  2). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 : Map showing value of iron 

Table 2 : Showing the high concentration of iron in various localities of Kashmir valley 

Name of district Name of exploratory well Value of Fe 
(mg/l) 

Anantnag Dhamal Hanjipora 12.0 
Chakiwangund 0.60 

Badgam Khagmalpora 11.60 
Mamet 12.85 
Humama 1.46 
DPL 1.90 

Baramulla Khanpur 1.96 
Saidpora Jahangir 2.60 
Chandsuma 8.0 
Sopore 5.78 
Trigam Shadipora 0.12 
Trikulbal 5.10 
Ghoshbug 8.80 
Ranji Hamrey 4.37 

Kupwara Gulgam 14.0 
Warsun Gujran 3.60 
Badre Payeen 3.80 

Srinagar Iqbal park 4.17 
Nishat garden 2.15 

Removal of iron  
Aeration 
Soluble iron can be removed by a reverse 
osmosis process which is economically 
infeasible, particularly for community water 
supply. The feasible way is to oxidize        
the  water  according  to iron content level or  

rather to oxygen demand level.8 By 
oxygenation the ferrous iron can be 
converted to ferric state which comes out in 
suspension and get eliminated by filtration. 
By simple aeration method the iron reacts 
with oxygen to form compounds which get 
precipitated (Fig. 4). 
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Fig. 4 : Removal  of Iron by aeration whitaler in a reservoir 

It is a simplest method of iron removal. 
Generally, the surface water and shallow 
ground water from dug wells contains low 
dissolved iron as they are exposed to 
atmosphere (Fig. 4).             
Chlorination with filtration 
A chlorine solution is injected with a 
chemical feed pump ahead of a sand filter. 
Soluble iron starts to precipitate which 

require about 20 minutes for proper 
precipitation. After that the water is filtered 
through conventional filters like sand and 
gravel beds (Fig. 5). An additional advantage 
of using the chlorination system is its 
bacterial effect.  Iron bacteria along with 
other bacteria are destroyed.  Potential 
clogging problem in the sand filter are also 
removed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 : Removal  of iron by chlorination and filtration 

Domestic Iron Removal Plant (DIRU) 
The simplest iron removal plant unit has been 
developed by National Environmental 
Engineering Research Institute (NEERI)  and 
referred as Domestic Iron Removal Unit 
(DIRU). It is suitable for rural purposes and 

can be built form locally available skill. 
Aeration of the raw water over a series of 
coke, marble/calcite beds is followed by slow 
sand filtration. After some time a catalytic 
oxidation bed is formed which hastens the 
removal process. No chemicals are required. 
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The unit can be worked directly by an elevated 
hand pump. Raw water containing iron up to 6 

mg/l (Fe++) is treated in this way at the rate of 
200 lts. per hour (Fig. 6). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 6 :  Domestic iron removal plant 

UNICEF/Bangladesh design  
This unit consists of three separate chambers 
for sedimentation, filtration and collection. It is 
made up of masonry brick work over the 
concrete bed. Raw water comes from hand 
pump /tube well into the Ferro cement channel 
and drapes from its perforated base into the 
sedimentation tank which in the process gets 
aerated. This water passes over the dividing 
wall and down to the filter bed so that ferric 
hydroxide get precipitated and removed. This 

filter bed consists 8.0 inch thick, comprises of 
brick chips with size of 1/8 to 5/8 inch (Fig. 7). 
Heart wood charcoal of Areca catechu / 
HCAC 
The powdered heartwood of Areca catechu has 
proved to be a good absorbent media and is 
available in abundant in Assam, India.9 
Ageratum conyzoides leaf powder / ALCP 
Ageratum conyzoides leaf powder can be 
promising low cost bio absorbent for the 
removal of Fe (III) from waste water.10-12 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7 :  Improved Iron removed filter for hand pump/tubewell UNICEF design 

CONCLUSION 
Ground water of Kashmir valley is fresh and 
potable, except high iron concentration and 

presence of marshy gas in deep aquifers. Iron 
concentration ranges from 0.60 -14.0 mg/l in 
Kashmir valley. The maximum concentration     
of   iron   is  14.0 mg/l  is  recorded in the sample,  
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collected from Gulgam of Kupwara district. 
Excess iron can be removed by various methods 
developed by NEERI, UNISEF, HCAC and 
ACLP. 
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