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Preface 

An important source of running water in western Uttar Pradesh, river Kali (east) originating from 
village Antwada, in Muzzaffarnagar district, passes through many important cities of the Western 
Uttar Pradesh like Meerut, Bulandshahr, Aligarh, Ghaziabad and finally Kannauj in Farrukhabad 
district, where it meets river Ganges after covering almost 300 km. The running water in the river 
course was popular for being a cure for the dry cough (Kali Khansi) and thus called Kali, but at 
present the river justifies its name due to waste water discharges from several industries developed 
along the course of the river that has rendered the river into a sewer drain. As the river being 
rendered severely polluted, it gives "Kali" (meaning black) appearance – and the name Kali was 
perhaps given due to this reason. Three major cities—Meerut, Hapur and Bulandshahr, housing 
several industries, including sugar mills, paper mills, textile, slaughter houses and distilleries drain 
their untreated sewage and effluent into the Kali. River water contains toxic chemicals that are 
harmful not only for drinking but also renders unfit for irrigation purposes, even though, water from 
Kali river is majorly used for irrigation purposes.  

Continuous use of Kali river water for irrigation purposes have turned the surrounding agricultural 
fields severely contaminated with heavy metals that in turn have affected the quality of crop yield. 
The agricultural soil samples from the surrounding villages have failed quality tests at national and 
international standards and indicates the prevalence of a wide range of deadly cancers and 
corroborates to the increasing cases of cancer patients in the villages. A wide range of other diseases 
such as impaired growth and development of foetus and child, impairing the functioning of and 
destroying essential organs particularly liver, kidneys and digestive system are also witnessed in the 
villages surrounding Kali river. Today, the condition of a river and adjoining agricultural soils is pity 
and needs serious and immediate attention. 

This book represents the study undertaken as part of M-Tech program in Hydraulic Structures 
(dissertation) submitted to the Civil Engineering Department, Aligarh Muslim University (AMU), 
Aligarh, in the year 2018. The study encases extensive field data collection, laboratory analysis and 
GIS based modelling and spatial mapping of pollution levels in 6 km long stretch of Kali river and its 
adjoining agricultural soils passing through Aligarh district in U.P., India, by employing high 
resolution IRS (P6) LISS IV imagery having spatial resolution of 5.8 m and three spectral bands i.e. 
Green, Red and NIR. A Total of 25 River water samples at mid-stream depth of 0.5 meters, 10 
groundwater samples and 48 soil samples covering approximately 3 km on both sides of the river 
stretch were collected from random locations within the study area, were analysed in the laboratory 
and were grouped into two classes namely; ‘physico-chemical’ and ‘physico-chemical + heavy 
metals’. Water Quality Index (WQI) for the river stretch and Soil Quality Index (SQI) for the 
agricultural land were evaluated from ‘physico-chemical + heavy metal’ parameters. Field data 
collection was carried out on the date of satellite overpass i.e. 27th April, 2018. Several spectral band 
combinations (amounting to 35) were formulated to examine the sensitivity of water and soil quality 
parameters with spectral reflectance values of an imagery at the sampling locations. Multiple linear 
regression (MLR) and Polynomial regression analysis were employed to examine the significant 
correlation between spectral reflectance band combinations and water and soil quality parameters.  
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Regression equations were derived and spatial distribution maps were generated in Erdas Image 
version 9.3 software. 

Analysis of results indicated the presence of physico-chemical parameters as well as heavy metals in 
river water samples as well as adjoining agricultural soils. Pollution levels were found to be 
relatively on higher side and partially within the permissible limits as per Bureau of Indian Standards 
(BIS) specifications for irrigation and agricultural practices. Also, ground water and tube well water 
samples were found to be free from heavy metal traces. MLR analysis for 35 spectral band 
combinations and river water quality classes i.e. ‘physico-chemical’ and ‘physico-chemical + heavy 
metals’ revealed significant correlation with Green band for calibration data yielding R2 as 0.794 and 
0.74 respectively and RMSE as 0.001 and 0.00086 respectively. Water Quality Index (WQI) was 
evaluated for the sampling locations utilising ‘physico-chemical + heavy metals’ revealed high 
correlation (R2  0.68 and 0.61 for correlation and validation data respectively) with Green band 
through polynomial regression analysis of order 4. Regression equations were formulated and further 
utilised for generation of spatial distribution maps of the study area depicting pollution levels in 
terms of WQI in river stretch and SQI in agricultural soils. WQI of the entire river water stretch 
depicts concentration levels within permissible range for irrigation purposes.  

Soil quality parameters were also grouped into two classes in same way as exercised for the river 
water for performing MLR analysis between 35 spectral reflectance band combinations and soil 
quality parameters in terms of ‘physico-chemical’ and ‘physico-chemical + heavy metals’. Results of 
MLR analysis revealed significant correlation for ‘physico-chemical’ parameters with band 
combination i.e. [(Red+NIR)/2] yielding R2 as 0.694 for calibration data set.  High correlation for 
‘physico-chemical + heavy metals’ group was obtained with NIR band yielding R2 as 0.824 for 
calibration data set. Results are indicative of the fact that maximum reflectance from bare soil 
surfaces are recorded in NIR band and relatively less reflectance is recorded at Red band, i.e. bare 
soil is more sensitive towards NIR band. SQI for sampling locations was evaluated from two 
methods namely; Analytical Hierarchy Process (AHP) and Inductive Additive Approach (IAA) for 
which polynomial regression of order 6 was employed. Results revealed significant correlation 
between SQI (evaluated from AHP method) and NIR band with R2 as 0.71 for calibration data set. 
SQI evaluated from IAA method revealed highest correlation with [Red+NIR] band combination 
yielding R2 as 0.58 for calibration data set. From soil quality maps, it is revealed that soil quality 
ranged from low medium to medium and lied within moderate range and extends a lateral distance of 
2.5 km on both sides of river banks.  

The methodology adopted in the study promises its usefulness to planners and decision makers 
involved in the regeneration of Kali river, which was once considered to be as one of the major 
source of fresh water resource in the region.   

 
Saif Said 

Shadab A Khan 
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1.0 General 
Water is the most valuable resource available on the planet Earth (the watery planet), without which the life, 
in context of both animal and plant kingdoms, could simply be not sustained. It constitutes 71% of the earth 
surface. Ironically, inspite of being so abundant the water, in terms of some of the aspects of its usage, is still 
a rare commodity. The fresh water which is available for human consumption is only 0.71%. This has 
necessitated a detailed appraisal of freshwater resources all over the world, both in terms of their depletion at 
alarming rates and pollution as a threat to the very survival of the mankind. Water is and shall remain critical 
to all the endeavours directed towards making the world even better and the scenario in India is no different. 

The increase in cropping intensity and improved technology are the main factors in bringing about manifold 
growth in Indian agriculture over last three decades in the present context, when the arraible land has ceased 
to grow, and, as a matter of fact has declined. On the other hand, demand for agriculture products will keep 
on rising with the need of rising food security (Alagh, 2003). In India, at present about 90 percent of the total 
water usages goes for irrigation. Contribution of groundwater to the total irrigation in India is about 45 
percent. The ultimate feasible groundwater contribution to the irrigation potential of the country is estimated 
at 40 million hectares and that of surface water is 73 million hectares (Karanth, 1987).With the increase in 
population, industrialisation and agricultural extensions, the demand for water is bound to increase. 
Moreover, India will touch a billion mark population by the turn of the century and will require 223 million 
tons of food grain. 

Water is the key both for increase in cropping intensity and deployment of new technologies. Land and water 
are most vital resources around which development of a region rests. In water sector, Indian effort so far 
concentrated largely on developing the resource; very little attention has been directed to ensuring its 
efficient equitable and sustainable use. Surface water and groundwater are the two components under the 
water resources development programme and problems are being faced in managing both the freshwater 
resources. An environmentally hazardous situation has arisen where canal command areas face water logging 
and soil salinization problem. The day is not very far when the freshwater will become the limiting factor for 
the overall growth of human society all over the world. It is therefore essential to improve national and 
international administration of water resources. 

The other areas face gradual but alarming decline in groundwater levels. About 8.5 million hectare of 
agricultural land is rendered toxic due to excessive use of severely polluted irrigation water from the affected 
Rivers (Alagh, 2003). The pollutant load in the River flow adversely impact the associated soil 
characteristics and the aboveground and belowground flora along the bank of this River. Since the few 
decades, the increasing of anthropogenic activities especially in industrial area has effects to water bodies. 
Water pollution is the contamination of water bodies (e.g. lakes, Rivers, oceans, aquifers and groundwater). 
Water pollution occurs when pollutants are directly or indirectly discharged into water bodies without 
adequate treatment to remove harmful compounds. Water pollution affects plants and organisms living in 
these water bodies. The nutrients from the agricultural fields, sewage from human settlements and industries 
drain into reservoirs and lakes. An analysis of the nature and rates of change over recent decades is essential 
for a proper understanding of why present environmental problems have arisen. 

One of the major concern of polluted water bodies is contamination of agricultural land as well as crop yield 
on account of fulfilling the irrigational requirements. Although soil plays a very crucial role in supporting 
ecosystems and human civilization, however, non-judicious exploitation of resources by mankind has not 
only resulted in the depletion of finite land resources but also deteriorated their performance. All the 
production systems have their base in soil, so it becomes very important to know its properties, extent and 
spatial distribution. Since, sustenance of ecosystem depends on soil, therefore characterization and mapping 
of soils and their interpretation is of great significance. For this, one has to evaluate the quantity as well as 
quality of resources based on accurate baseline information and methods (Laake, 2000). Soil survey helps to 
prepare inventory of different kinds of soils and extent of distribution for the prediction of their 
characteristics and potentialities (Mandal and Sharma, 2005). Such knowledge is required for making better 
utilization of soils in a sustainable way. Traditional soil survey techniques are time consuming, labour 
intensive and costly. 
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Recent advancements in computer and information technology have brought new techniques of soil resource 
mapping. RS, GIS and GPS are such techniques for analysis the different features of soils over space and 
time (Yeung and Lo, 2002; Shrestha, 2006). These geospatial tools are very valuable for preparation of soil 
resource inventory at local to global scales. RS provides spatially explicit, digital data representing the 
surface features of earth that can be pooled with digitized maps in GIS for efficient characterization and 
analysis of vast amounts of data. In natural resource management, satellite RS along with GIS can be very 
much useful. According to Karla et al. (2010), RS integrated with GIS database can enhance data collection 
and interpretation for soil survey in much lesser time and with lesser expenses as compared to conventional 
methods. The high precision and synoptic coverage of RS data and GIS analysis protocols have made soil 
mapping very effective tool in managing the soil resource and environment (Srinivasan, 1988). 

1.1 Heavy Metals in Water Bodies and Soils 
Contamination by heavy metals (HM) has become a widespread serious problem in any parts of the world 
(Sofianska et al., 2013). Heavy metals are contaminants capable of induce environmental and health 
problems in soils, water, atmosphere and living organisms (Navarro-Pedreño et al. 2008). The term heavy 
metals is applied for metallic elements which have densities >5.0 Mg m-3, including Cd, Co, Cr, Cu, Fe, Hg, 
Mn, Mo, Ni, Pb, and Zn (SSSA 2008). Some metalloids like ‘As’ are considered in heavy metals studies by 
its toxicity. Some of these elements are essential for plant nutrition, becoming a problem when the 
concentration is high enough to induce toxicity. Heavy metals are naturally present in soils depending on the 
type and chemistry of the parent material, or are artificially introduced into de soil system by anthropogenic 
activities (Mirsal 2004). Major source of heavy metals in soil are: 1) geochemical origin; 2) human activities 
like mining and smelting, agriculture materials (fertilizers, pesticides, sewage sludge, etc), fossil fuel 
combustion, metallurgical and chemical industries, sports and military ammunition, and 3) atmospheric 
deposition (Alloway 1995). Continuous monitoring of soil pollution by heavy metals is needed to ensure the 
sustainability of ecosystems (Kaya 2006). 

1.2 Remote Sensing of Pollution Monitoring 
Remote sensing of contamination in soils covers various spatial, spectral and temporal scales using sensors 
that utilize different parts of the EM spectrum (Fig. 1.1). Cutting-edge advances in the quantitative 
disciplines like RS and PS have laid the foundations for a spatial exploration of soil-system dynamics within 
a landscape context (Pennock and Veldkamp, 2006). The platform and resolution of RS sensors control the 
product’s accuracy. Compared with ground-based sensors, air or space borne sensors have a low signal-to-
noise ratio attributed to the larger atmospheric path length, decreased spatial resolution, geometric 
distortions, and spectral ambiguity caused by recording multiple signals from adjacent features. 

 
Fig. 1.1 The EM spectrum, highlighting the useful parts for obtaining information on soil and environmental 
variables through RS and PS. The boundaries for the visible to infrared spectrum are defines as: VIS: 0.38-
0.74; NIR: 0.74-1.4 µm, SWIR: 1.4-3 µm, TIR: 3-15 µm and FIR: 15-1000 µm (after McBratney et al., 
2003). 
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Furthermore, differences between sensors in available wavelength bands and in the mechanics of imaging 
influence the accuracy (Kasischke et al., 1997). In the shorter wavelengths (e.g., the visible part of the 
electromagnetic spectrum), features can be observed by virtue of reflected solar energy, while in the longer 
wavelengths (e.g., microwave, thermal EM), sensing of emitted energy predominates.  A number of in-depth 
reviews have been dedicated to the application of RS to soil mapping and related issues, which demonstrated 
a significant increase in the efficiency of conventional soil-survey methods when RS data were used (e.g. 
Anderson and Croft, 2009; Ben-Dor et al., 2002; Dwivedi, 2001; Joyce et al., 2009; Kääb, 2008; McBratney 
et al., 2003; Metternicht and Zinck, 2003; Metternicht et al., 2005; Metternicht et al., 2010; Mulder et al., 
2011; Vrieling et al., 2006). 

The advantages of remote sensing (RS) for non-destructive spatial assessment of soils have been recognized 
since the 1920s, when aerial photos where used to map boundaries of different soil series (Bushnell, 1932). 
Over the last decades, a high number of sensors have been applied to improve the retrieval of direct and 
indirect soil parameters because of the high potential of RS to retrieve soil surface parameters. The 
operational RS systems (passive and active) and analysis techniques for estimating of soil parameters include 
various sensors (see section 3.2). For passive remote sensing, one can consider four principal types of 
sensors: 

(i) Optical multispectral sensors, generally adapted for land use and mineralogical analysis. 

(ii) Optical imaging spectroscopy sensors, particularly adapted for deriving soil properties (e.g. 
mineralogical composition, iron oxides and organic matter). 

(iii) Optical TIR sensors, particularly adapted for soil temperature estimation. 

(iv) Passive microwave sensors, particularly adapted to soil moisture estimation. 

Active remote sensing holds considerable potential for characterizing soil moisture, roughness, and texture. 
Here, we distinguish between RADAR and LiDAR sensors: 

(i) Synthetic aperture radar (SAR) sensors, particularly adapted for soil moisture, texture and salinity 
estimations. 

(ii) Radar scatterometer sensors, adapted for soil moisture estimates. 

(iii) LiDAR sensors, particularly adapted for terrain analysis. 

Recent years have witnessed major advancements in the spatial assessment of soil properties, predominantly 
from optical and microwave remote sensing, next to large-scale Digital Soil Mapping (DSM) - projects 
devoted to a Global Soil Observing System (e.g. e-SOTER, S-World). Summarizing, RS studies address 
particularly the following soil parameters: 

(i) Mineralogy: mineralogical composition of soils indicating its host rock and soil fertility. 

(ii) Soil texture: indicating the sand/silt/clay content (i.e. soil grain sizes), which influences physical, 
chemical, and biological soil processes. 

(iii) Soil moisture: indicating the volumetric soil water content, a key parameter influencing a range of 
hydrological processes at a variety of spatiotemporal scales, including runoff, erosion and solute 
transport. Soil moisture information is furthermore important for managing agricultural irrigation. 

(iv) Soil organic carbon: biomass and non-biomass sources that improve various physical properties of soils, 
such as cation exchange capacity (CEC), waterholding capacity and nutrient content, among others. 

(v) Iron content: indicator of soil fertility and the age of the sediments. 

(vi) Soil salinity: indicating the salt content in soils that may increase driven by natural processes such as 
mineral weathering, water table variations or artificial processes such as fertilization or land clearing. 

(vii) Carbonates: originating from calcite-rich parent material, influencing the soil Alkalinity (high soil pH) 
and structure with potential negative effects on water infiltration and plant growth. The soil pH 
specifically affects plant nutrient availability by controlling the chemical forms of the nutrient. 
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(viii) Soil degradation and contamination: the decline in soil quality caused by its improper use, including 
agricultural, pastoral, industrial or urban purposes. Over time, this may result in the loss of organic 
matter, decline in soil fertility, decline in structural conditions, erosion, contamination by toxic 
chemicals or pollutants and other adverse changes. 

Remote sensing systems can be further divided into passive and active based on the light source used. In 
passive RS, such as in imaging spectrometers and multispectral instruments visible, near-infrared (VNIR), 
shortwave infrared (SWIR), thermal infrared (TIR), and microwave portions of EM spectrum are used (Refer 
Fig. 1.1). On the other hand, most of the active sensors use the microwave portion. There are four types of 
sensors for passive remote sensing. These are optical multispectral sensors (land use and mineralogical 
studies), optical imaging spectroscopy sensors (retrieving soil properties like mineralogical composition, Fe-
oxides, organic matter), optical TIR sensors (soil temperature estimation), and passive microwave sensors 
(soil moisture estimation). In active remote sensors, there are synthetic aperture radar (SAR) sensors (soil 
moisture, texture and salinity estimations), radar scatter meter sensors (soil moisture estimation), and LiDAR 
sensors (terrain analysis). 

Based on the platform, RS could be ground based, air-borne or space-borne. Air- and space-borne sensors 
provide greater area coverage as compared to the ground-based sensors. RADAR and passive microwave 
systems mainly provide soil related data at regional- or catchment-scale. Airborne systems (LiDAR, multi-
spectral and hyperspectral) can monitor at finer spatial resolutions. They can also identify variables like 
mineralogy, moisture, elevation etc. Proximal sensing (PS) like laboratory laser profiling works at the finest 
spatial scale in assessing soil parameters (Jester and Klik, 2005). 

Interpretation of remote sensing data is very important if proper inference regarding soil properties has to be 
drawn. During interpreting the remote sensing data, one should keep in mind the general limitations of RS 
techniques. There are some issues regarding the spatial and temporal resolution of air- and space-borne 
observations. Generally, polar orbiting satellites have revisiting times varying from days to weeks based on 
their observation geometry, orbital and energy constraints and downlink capacity. Intensity of the acquired 
radiation and measuring distance affect the spatial resolution. Spatial resolutions of passive microwave 
sensors are in tens of km, whereas that of optical airborne sensors ranges from cm to m. Remotely sensed 
data require many corrections due to geometric, topographic, atmospheric and radiometric effects. In case of 
soils, vegetation coverage and presence of lichens can hamper investigations by optical sensors. Spectral 
signatures of these items should be masked before interpreting the data. But, such masking leads to 
incomplete coverage of the study area. Majority of the remote sensing data only denote the surface properties 
or of shallow soil depths, which may not represent the deeper layers. In optical and microwave remote 
sensing techniques, much advancement has emerged recently. This advancement made possible the study of 
many soil parameters like mineralogical composition of soils, soil texture, soil moisture, soil organic C, soil 
salinity, Fe content, carbonates, erosion and finally digital soil mapping (DSM). For land use planning at 
different levels, soil maps at various scales are needed. With increase in scale, availability of information 
increases. For soil maps on 1:250,000 or smaller scale, coarse resolution data obtained from IRS LISS-I, 
AWiFs and LANDSATMSS sensors can be used. For 1:50,000 scale soil maps medium resolution data 
collected by LANDSATTM, IRS LISS-II and SPOT-MLA are useful. Detailed characterization of soil 
resources on 1:10,000 or larger scale can be done from IRS-P6 (LISS-IV sensor), Cartosat-1 and Cartosat- 2 
and IKONOS data (Dwivedi, 2001). 

1.3 The Kali River 
River Kali (east) is an important source of running water in western Uttar Pradesh, that originates from 
village Antwada, Muzzaffarnagar, and passes through many important cities of the Western part of the state 
like Meerut, Bulandshahr, Aligarh, Ghaziabad and finally Kannauj in Farrukhabad district, where it meets 
River Ganges after covering almost 300 km length. The river is perennial and traverses through a well-
defined channel. It exhibits meandering patterns and flows through the towns Pahasu, Malagarh and 
Chaundhera through Aligarh district near Atrauli (Fig. 1.2). The river is therefore, a major tributary to the 
Holy River Ganga. The River had been a major source of water for domestic as well as irrigational purposes 
since ages unknown through the cities it passes till around two decades ago. The running water in the River 
course was also popular for being a cure for the dry cough (Kali Khansi) and thus called Kali, but at present 
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the River justifies its name as the water flowing through the course of the River is nothing better than that of 
a sewer drain. It is completely black in colour and is a shame in the name of a fresh water source. The River 
in the past was also known as Nagin (the female snake) due to kind of the course it follows. It follows a very 
zigzag course which is pretty unique to this river. This is another reason why the River is named Kali as the 
nagin in the region are normally black in colour. The flow in the Kali is constituted mainly by groundwater 
infiltration and runoffs including the waste water discharges from several industries developed along the 
course of the River. As the river gets severely polluted and more so in summer months, it gives "Kali" 
(meaning black) appearance - the name Kali was given perhaps due to this reason. 

 
Fig-1.2: Location map of Kali river flowing through Aligarh district. 

Three major cities—Meerut, Hapur and Bulandshahr—and several industries drain their untreated sewage 
and effluent into the Kali. There are 31 industries within Meerut district, including sugar mills, paper mills, 
textile, slaughter houses and distilleries, along with villages and slaughter houses that discharge their effluent 
into the river. Meerut city contributes more than 60 per cent of the pollution load in the stretch as the study 
conducted by Central Pollution Control Board (CPCB). The river water is having toxic chemicals which are 
harmful not only for drinking but also for irrigation purposes, but still, water from Kali river is majorly used 
for irrigation purposes (Fig. 1.3). Today, the condition of a river is pity and needs serious and immediate 
attention. 

Testing of 16 water samples, eight of ground water and eight of the river water from eight districts which the 
Kali flows through by CPCB, has shown that not only the river water has been seriously contaminated but 
that has also contaminated the groundwater of all the villages located on its bank in eight districts. The 
villages from where samples were picked are located in a radius of 2 kilometers of Kali. 

 

 
Fig-1.3: Pictorial illustrations of contaminated Kali river flowing through Aligarh district and water 

utilization for irrigation purposes. 
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The heavy metals present in the Kali have entered the groundwater of these villages through seepage. The 
results of the test has shown that dangerously high levels of lead, total dissolved solids and iron, have been 
found in the water samples picked from the hand pump of eight villages. According to ‘Sunil Gupta’, senior 
consultant, medical oncologist, Rajiv Gandhi Cancer Institute and Research Centre, Delhi, continued 
consumption of heavy metals can have serious repercussions on human body and may result in serious 
diseases like cancer. Accordingly the research team of Meerut-based NEER Foundation which did the study 
of water in Kali river in collaboration with WWF, found several cases of stomach ailments, brain disorder 
and even cancer among the residents of these villages. 

NEER Foundation revealed that, villages adjacent to Kali river does not have efficient public health system, 
private doctors in these villages stated that, a large number of people suffer from serious diseases and many 
people had died due to cancer owing to groundwater contamination. For instance, the amount of lead in 
villages located in Muzaffarnagar, Bulandshahr and Aligarh was dangerously high. The amount of lead in the 
water in a hand pump at Rampura village in Bulandshahr was 0.35 mg/L which is 35 times higher than its 
permissible limit of 0.01 mg/L in ground water. 

The residents of Antwada village in Jansath block of Muzaffarnagar, were found to be using a hand pump 
where the amount of lead was found to be 0.21 mg/L which is 21 times of the permissible limit. The same for 
Kodiaganj village in Aligarh was 0.13 mg/L which is 13 times higher than the permissible limit of lead in 
groundwater. 

The water samples were collected from villages of eight districts -- Muzaffarnagar, Meerut, Hapur, 
Bulandshahr, Aligarh, Kaasganj, Farukhabad and Kannauj. The villages are situated on the banks of the 
River. The permissible limit of TDS in groundwater is 500 mg but it was found to be 1760 mg/L in Rampura 
village in Bulandshahr. For villages in Meerut, Hapur and Kannauj, the amount of TDS was observed as 826, 
828 and 824 mg/L respectively. The amount of iron was found to be in extremely high proportion, at times as 
high as 21 times of the permissible limit. While iron should not be more than 0.3 mg/L it was 6.49 mg/L in 
the ground water of Antwada village in Muzaffarnagar; for Lalpur-Tatarpur village in Hapur, it was 4.18 
mg/L, almost 14 times of the permissible limit, and for Jalalpur village in Meerut the amount of iron was 
found to be 3.50 mg/L, 11.6 times higher. The groundwater in adjoining villages has been contaminated to 
the extent that in none of the villages the amount of iron was found on a par with the permissible limit. For 
the rest of the five villages in Bulandshahr, Aligarh, Kasganj and Kannauj, the amount of iron was 0.50, 
0.85, 0.54, 0.46, 0.32 mg/L respectively. 

In the eight samples picked from various villages none of the heavy metals were found in right proportion. 
Kali is a tributary of the Ganga which originates in Muzaffarnagar district and later merges with the Ganga 
in Kannauj district after passing through nine districts. The River water has become so contaminated that it 
can’t be used even for irrigation purposes. Nonetheless, Ganga cannot be cleaned without cleaning its 
tributaries like Kali. 

1.4 Multiple Linear Regression Analysis 
Multiple regression analysis is a powerful technique used for predicting the unknown value of a variable 
from the known value of two or more variables also called the predictors. More precisely, multiple 
regression analysis helps us to predict the value of Y for given values of X1, X2, …, Xk. 

For instance the yield of rice per section of land relies on nature of seed, ripeness of soil, manure utilized, 
temperature, precipitation. On the off chance that one is intrigued to examine the joint effect of every one of 
these variables on rice yield, one can utilize this method. An extra point of preference of this procedure is it 
additionally empowers us to examine the individual impact of these variables on yield. 

1.4.1 Dependent and independent variables 
By various relapse, we mean models with only one needy and two or more free (exploratory) variables. The 
variable whose quality is to be anticipated is known as the reliant variable and the ones whose known 
qualities are utilized for expectation are known autonomous (exploratory) variables. 
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1.4.2 The Multiple Regression Model 
In general, the multiple regression equation of Y on X1, X2, …, Xk is given by: 

Y = b0 + b1 X1 + b2 X2 + …………………… + bk Xk 

1.4.3 Interpreting Regression Coefficients 
Here b0 is the intercept and b1, b2, b3, …, bk are analogous to the slope in liner regression equation and are 
also called regression coefficients. They can be interpreted the same way as slope. Thus if bi = 2.5, it would 
indicates that Y will increase by 2.5 units if Xi increased by 1 unit. 

The appropriateness of the multiple regression model as a whole can be tested by the F test in the ANOVA 
table. A significant F indicates a linear relationship between Y and at least one of the X's. 

1.5 Objectives of the Study 
In pursuance of the above the investigations carried out in Kali River by various government based agencies, 
NGO’s  as well as independent research conducted by various scientists and academicians, present study has 
been taken up to achieve the following objectives; 

(i) To determine the concentration of physicochemical parameters and heavy metals in Kali river at 
different locations near Pahasu, Hasangarhi, Dhaurau, Banner Shareef and Chaundhera villages around 
Aligarh city. 

(ii) To determine physicochemical and heavy metal concentrations in agricultural lands situated around Kali 
river within a transverse distance of 6 km from both sides of river banks and ascertain the impact of 
utilizing Kali River water for irrigation purposes. 

(iii) To examine the impact of contamination of Kali river on groundwater resources in adjoining villages. 

(iv) To examine the usefulness and efficiency of optical Remote sensing Data from Indian Remote Sensing 
Satellite (IRS P6) LISS IV sensor towards monitoring and mapping pollution concentrations in water 
bodies (i.e. Kali river), agricultural land as well as groundwater. 

(v) To employ multiple linear regression and polynomial regression analysis for the generation of pollution 
concentration maps in GIS frame work. To develop remote sensing based models to predict water 
quality and soil quality parameters from satellite imagery. 

(vi) To develop a methodology which would find its usefulness for planners & decision makers involved in 
the regeneration of Kali River throughout its entire length of flow. 

1.6 Need of the Study 
River pollution accounts for the grave impact on the health of villagers residing in the proximity of Kali 
river. Villages have witnessed a frightening rise in serious ailments and an increased death rates during the 
past two decades. The water samples from the villages have failed at national and international standards for 
safe drinking water due to contamination with severe amount of heavy metals and thus is unfit for humans as 
well as its usage by animals. Heavy metals are referred to as carcinogens that increases the prevalence of a 
wide range of deadly cancers and corroborates to the increasing cases of cancer patients in the villages. A 
wide range of other diseases such as impaired growth and development of foetus and child, impairing the 
functioning of and destroying essential organs particularly liver, kidneys and digestive system are also 
witnessed in the villages surrounding Kali river. Although research and relief society ideates a cleaner river 
in future times however both looks forward towards an action plan to be initiated by the Government for the 
betterment of the non-renewable precious resource diminishing at an alarming rate. 

Since past few decades, increasing anthropogenic activities especially industrial increment in cities like 
Muzzaffarnagar, Meerut and Hapur have immensely contributed to the disposal of toxic effluents into Kali 
river thereby rendering the River unfit for almost all human purposes. Numerous studies at national as well 
as international levels have been carried out to quantify pollution concentrations in Kali river right from its 
source at Muzzaffarnagar up to its merging point with River Yamuna at Kannauj in Farrukhabad district and 
its impact on adjoining agricultural lands as well as groundwater resources. Almost all the studies have 
accounted for concentration levels of various contaminants at point locations by selecting several sampling 
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stations in and around the river periphery. No literature is available that quantifies pollution concentrations at 
temporal and spatial scales utilising remote sensing based data for Kali river passing through Aligarh district 
as study area. On the basis of extensive review of available literature (Chapter 2) considering Kali river as 
the study area. It is therefore ascertained that remote sensing based analysis for monitoring and mapping of 
contamination of agricultural lands and river water at temporal and spatial scales is lacking and requires 
implementation of this technique that would play as a precursor towards framing of effective planning and 
management policies for reinstating the dying river. 

 
Overview of broad methodology adopted to execute the present study 
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2.0 General 
Present study attempts the assessment of pollution concentration in river Kali passing through Aligarh 
district and covering Pahasu, Malagarh, Chattari and Chaundhera villages using Remote sensing data and its 
impact on agricultural land and groundwater. In order to execute the study objectives, an extensive review of 
literature was carried out. This chapter includes a detailed and relevant literature review that has been used to 
interpret various questions that were raised as the study commenced. 

2.1 Quality Characterization of Surface Water and Groundwater 
Ashok et al. (2014) proposed surface water is most vulnerable to pollution due to its easy accessibility for 
disposal of pollutants and wastewaters. The evaluation of water quality in most countries has become a 
critical issue in recent years, especially due to concerns that freshwater will be a scarce resource in the future. 
The study is aimed at assessing the water quality index (WQI) for the Wular Lake of Kashmir. Multivariate 
strategies, discriminant examination, and WQI were connected to break down a water quality information set 
including 27 parameters at 5 destinations of the Lake Wular in Kashmir Himalaya from 2011 to 2013 to 
explore spatiotemporal varieties and distinguish potential contamination sources. Spatial and temporal 
variations in water quality parameters were evaluated through stepwise discriminant analysis (DA). 

The first spatial discriminant function (DF) accounted for 76.5% of the total spatial variance, and the second 
DF accounted for 19.1%. The mean values of water temperature, EC, total-N, K, and silicate showed a strong 
contribution to discriminate the five sampling sites. The mean concentration of NO2-N, total-N, and sulphate 
showed a strong contribution to discriminate the four sampling seasons and accounted for most of the 
expected seasonal variations. The order of major cations and anions was Ca2+ > Mg2+ > Na+ > K+ and Cl- > 
So4

2- > SiO2
2- respectively. The results of water quality index, employing thirteen core parameters vital for 

drinking water purposes, showed values of 49.2, 46.5, 47.3, 40.6, and 37.1 for sites I, II, III, IV, and V, 
respectively. These index values reflect that the water of lake is in good condition for different purposes but 
increased values alarm us about future repercussions. 

Sulochna et al., (1998) analyzed samples from bore well of Remote village near Tirunelveli in Tamil Nadu. 
The result revealed that declining of groundwater level increases the concentration of inorganic ions due to 
the predominate influence of sub soil rocks. Suk and Lee, (1999) studied the characterization of a 
groundwater hydrochemical system through multivariate analysis using clustering of groundwater zones in 
Incheon, Korea. According the study, the site was governed by two distinct hydrochemical regimes. 
Somashkar et. al., (2000) analyzed ten different locations in Channapatna taluk Bangalore, Karnataka with 
the parameters pH, total Alkalinity, total hardness, chloride, fluoride, total dissolved solids, calcium, 
magnesium, nitrates and conductivity. They observed low fluoride content in this area. 

Sohani et al., (2001) collected 16 ground water samples from the Bore Wells of different colonies of 
Nandurbar Town (Maharashtra) and analyzed for 15 parameters related to water quality and found that some 
Physico-chemical parameters within the permissible limit and some are beyond the permissible limit of 
drinking water standards. High iron content (0.0 to 5.80 mg/L) has been detected. Ramanathan, (2002) 
carried out study of Systematic sampling of groundwater in different season’s from1997 to 1999 in the entire 
Periyar district of Tamil Nadu. Groundwater was colorless, odorless and is alKaline in nature. The water 
chemistry showed distinct variation in space and time and the influence of the anthropogenic sources. SAR, 
RSC, Na%, CR, TH etc. shows that the water is generally good for domestic, agricultural purpose and is not 
good for long distance transport. Here the Fluoride concentration is generally lower than prescribed limit 
except few areas where the concentration exceeds 1.5ppm. Zhang and Cheng, (2002) studied groundwater in 
GTA, Canada with special emphasis on the GIS spatial statistical analysis of. According to this study, the 
identification of binary evidential features to predicting the potential distributions of confined aquifers. 
These binary patterns correlated to the locations of flowing wells were integrated using multivariate logistic 
regression model and a predictive map was created to illustrate the potential distributions to confined 
aquifers in the OMR area. Mishra and Sahoo, (2003) studied the ground water quality in and around Deogarh 
and found that, the physico-chemical parameters like pH, EC, TDS, TH, Na+ , K+ , Mg2+, Ca2+, Cl- , SO4 
2- and HCO3 - indicate that, the ground waters are suitable both for domestic and irrigation purpose. 
Ramachandramoorty et. al., (2004) analyzed the fluoride ion concentration in the groundwater of 
Tiruchirapalli, Tamilnadu, India. They reported that low calcium content and high Alkalinity increased the 
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fluoride level in water; lower the total hardness higher was the fluoride ion concentration; and that 
groundwater was contaminated by the industrial activity and application of large amount of fertilizer around 
the area. 

Pophare et al., (2014) studied the impact of over-exploitation on groundwater quality in WR-2 watershed, 
Deccan trap basaltic terrain, Maharashtra state, India. The studies reveal that groundwater from more than 
50% of the dug wells of the WR-2 watershed is not suitable for drinking purpose. The groundwater, though 
mostly suitable for irrigation purpose, is corrosive and saturated with respect to mineral equilibrium and 
shows a tendency towards chemical scale formation. 

Yadav et al., (2014) studied high fluoride concentration in the groundwater of Niwai region, Tonk district, 
Rajasthan. According the study, the fluoride level in the groundwater of Niwai region was exceeding the 
permissible limit. Removal of excess fluoride by defluoridation techniques and supply of high-quality 
groundwater with safe concentration of fluoride is urgent necessity. 

Nasser et al., (2015) studied the potential of rainfall to be stored for domestic use and design the rainwater 
harvesting system using gravitational force suitable for the selected house in Kota Samarahan area. It had 
been shown that the rainwater harvesting system can support the water demand of the selected house 
throughout a year even during the dry season. The cost of installation and yearly maintenance for proposed 
rainwater harvesting is lowered by 59.16 percent as compared with similar rainwater system which is 
installed on the ground level. 

Nyende et al., (2015) analyzed the impact of climate variability on water resources (surface and ground) was 
conducted to assess the effect of meteorological forcing on isotopic and recharge characteristics of the 
granitic and fractured aquifer, located in Pallisa District (Kyoga basin), eastern Uganda. The paper 
investigated the application of environmental isotopes and using the EARTH Model in determining the 
groundwater levels response to rainfall of the fractured aquifer. 

Sharma et al., (2015) analyzed the water quality of RIICO industrial area Ranpur, Kota and their statistical 
interpretation. The authors concluded that samples were slightly alKaline in nature although all parameters 
were in the permissible range. Although for drinking purpose and industrial purpose proper purification was 
required to remove various salts before using groundwater. 

2.2 Application of Remote Sensing and GIS In Water Quality Assessment 
Alina et al. (2015) made attempt to understand the how the different Remote sensing and Geographic 
Information System (GIS) techniques has been applied for the water quality assessment. The review paper 
highlights the distinctive methods in which water quality can be evaluated with the assistance of remote 
detecting and GIS.GIS is a viable apparatus not just for gathering, stockpiling, administration and recovery 
of a huge number of spatial and non-spatial information additionally for spatial investigation and mix of 
these information to infer valuable yields and demonstrating. Without GIS abilities the helplessness and 
affectability examination couldn't have been thoroughly illustrated. Remote detecting gives important extra 
data contrasted with the other water quality evaluation apparatuses. It has additionally been ended up being 
an effective instrument to follow the effect of defiled water. 

Chan-An et al. (2015) proposed water quality evaluation at the watershed scale requires not just an 
examination of water contamination and the acknowledgment of principle contamination variables, 
additionally the ID of dirtied unsafe locales brought about dirtied encompassing waterway areas. This was 
determined by collecting 67 samples and subjecting the samples to a comprehensive physic-chemical 
analysis. Single factor pollution index and comprehensive pollution index were adopted to explore main 
water pollutants and evaluate water quality pollution level. 

Based on two evaluate methods, Geo-statistical analysis and Geographical Information System (GIS) were 
used to visualize the spatial pollution characteristics and identifying potential polluted risky regions. The 
results indicated that the general water quality in the watershed has been exposed to various pollutants, in 
which TP, NO2-N and TN were the main pollutants and seriously exceeded the standard of Category III. The 
zones of TP, TN, DO, NO2-N and NH3-N pollution covered 99.07%, 62.22%, 59.72%, 37.34% and 13.82% 
of the watershed respectively, and they were from medium to serious polluted. 83.27% of the watershed in 
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total was polluted by comprehensive pollutants. These conclusions may provide useful and effective 
information for watershed water pollution control and management. 

Anuj et al. (2013) screened ground water quality, relating it to land use/land spread and residence cover of 
various water quality parameters are set up by utilizing geographic data frameworks and remote detecting 
procedure. Base guide was set up by Survey of India topographic sheets on 1:50.000 scale. The area use/land 
spread guide was produced using satellite symbolism and GIS programming like ERDAS Imagine and ARC 
GIS 9.3. The ground water tests were gathered from the chose areas and were broke down for various 
physico-concoction examination and a water quality list was readied. Water quality list (WQI) was then 
computed on the premise of WHO gauges to group reasonableness for drinking water. The WQI guide was 
interjected utilizing inverse distance weight (IDW) strategy on GIS for spatial variety and appropriateness of 
value appraisal. 

Ground water quality in the study region is indicating high connection with the area use. The drinking water 
is exceptionally dirtied in the local locations with high populace thickness. The water nature of Sub urban 
zones having less populace thickness and develop zone are having similarly better nature of water. Tests of 
rural ranges which are in close region of the city like Thakurganj, Newajpur, Sabahpur are demonstrating 
low quality of water. In this way, some successful measures are direly required to upgrade the drinking water 
quality by a compelling administration arrangement. The area of the study that if appropriate arranging and 
measures are not taken then sooner rather than later this will immerse the edges. 

Ashwani et al. (2008) carried out hydro-geochemical investigation of surface water in Pratapgarh locale to 
evaluate the real particle science and water quality for drinking and household purposes. The diagnostic 
results demonstrate somewhat acidic to antacid nature of surface water assets of Pratapgarh locale. HCO3

-and 
Cl-were considered as overwhelming anions, while cation science is ruled by Na+ furthermore, Ca2+. For 
quality appraisal, estimations of investigated parameters were contrasted and Indian and WHO water quality 
benchmarks, which demonstrates that the convergences of TDS, F-, NO3

-, Na+, Mg2+ also, add up to hardness 
are surpassing as far as possible in some water tests. Water Quality Index (WQI) is a standout amongst the 
best instruments to convey data on the nature of any water body. The processed WQI estimations of 
Pratapgarh locale surface water ranged from 28 to 198 with normal estimation of 82, and more than half of 
the study territory was found to be under incredible to great class. 

Deeksha et al. (2012) presented the water quality index (WQI) with the point of lessening awesome measure 
of parameters into an easier expression and empowering simple elucidation of observing information. In this 
study, an endeavour has been made to devise a technique to incorporate the WQI with geographic 
information system (GIS) for a successful translation of the quality status of the waterway. Waterway 
Yamuna in Delhi has been taken as a contextual investigation and the physical and synthetic investigation 
has been translated utilizing WQI. 

Somvanshi et al. (2012) proposed mapping of water quality parameters of Gomti River in parts of Lucknow, 
Sitapur and Barabanki areas of Uttar Pradesh, India. Mapping was done utilizing IRS LISS III image. Water 
quality information was collected for pre-monsoon and post-monsoon seasons. The water quality parameters 
included, TS, DS, SS, pH, COD, BOD, DO, Chloride and TH. Utilizing brilliance information of pre-
monsoon data and in situ estimation information of water quality parameters connection and different 
straight relapse models were created and chose most suitable band mixes which were having highest R2 
values. With the assistance of these numerous straight relapse water quality parameters were anticipated 
which were then contrasted and the qualities got through research center investigation of water quality. 
These proper band mixes and important segments of pre-rainstorm satellite information were utilized as a 
part of estimation of water quality parameters. The all these water quality parameters were essentially 
connected with LISS III brilliance information aside from SS. 

The study demonstrated the existence of a measurable noteworthy connection between's each chosen water 
quality variable and remote detecting information in the Gomti River. The discoveries of the concentrate 
additionally demonstrate the requirement for appropriate water asset arranging, administration and the 
protected transfer of mechanical and urban waste, which would some way or another lead to extreme 
ecological corruption. 
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Alaguraja et al. (2010) studied territory bound just to the Tiruchirappalli taluk which was encompassed by 
Srirangam taluk in north and west, Thanjavur locale in east and southern bit was secured by Pudukottai 
region. 

The study highlights the present and future water contamination issues. A water contamination and 
administration part of Tiruchirappalli taluk is considered as perfect case to recognize the important 
administration techniques to control the water contamination and its administration in the taluk. The 
proposals and suggestions could be made for save and protect the water contamination which specifically 
and in a roundabout way affecting the horticultural, wellbeing, monetary and other related parts of the study 
zone. The study goals came into a last focus on that the urbanization and industrialization ideally the 
fundamental purpose behind the water contamination in nature. Water contamination advances the unsettling 
influences in the aggregate surroundings in connection to wellbeing, movement concession, over abuse in 
and around the dirtied region. 

Hema Sailaja et al. (2015) inspected the water quality information by various multivariate measurable 
strategies to assess spatial and transient varieties of the lake bowl. Consequence of water quality evaluation 
demonstrated a large portion of the parameters to be marginally higher in the wet season than in the dry 
season. Since there wasn't any precipitation at a recordable level the varieties in the quality are not so divided 
but rather the contamination amassing because of nonappearance of weakening demonstrated its 
commonness. WQI values demonstrate similarly a slight change in the file then prior years which may be 
because of the aerators set in the lake to improve the oxygen dissemination. The higher estimations of 
physico-synthetic examination of water in Hussain Sagar lake can be credited to different exercises like 
release of untreated household sewage and mechanical effluents, washing garments, vehicles, creatures and 
inundation of symbols at the season of Ganesh celebration adding to the contamination of the lake. The 
present study uncovers the supplement stacking have surpass the eutrophic condition and prompting a hyper 
eutrophic status. 

Accordingly, this study shows the value of spatial information expectations and measurable procedures for 
investigation and translation of complex information sets in water quality evaluation, in this manner 
understanding spatial varieties and quality record in water quality for powerful lake water quality 
administration. 

Prakash et al. (2000) studied a technique to decide nitrate contamination ‘contributing zones' inside a given 
bowl in view of bowl attributes. In this procedure, land use/land spread sorts were arranged and bowls and 
`contributing zones' were outlined utilizing geographic information system (GIS) and remote sensing (RS) 
examination apparatuses. A `land use/land spread supplement linkage-model' was created which 
recommends that woodlands go about as a sink, and as the extent of backwoods inside a contributing zone 
increments (or farming area diminishes), nitrate levels downstream will diminish. In the model, the 
private/urban/developed zones have been distinguished as solid givers of nitrate. Different supporters were 
plantations; and column crops and other rural exercises. 

2.3 Quality Characterization of Surface Soil Pollution 
Global environmental changes are currently altering key ecosystem services that soils provide. Therefore, it 
is necessary to have up to date soil information on local, regional and global scales to monitor the state of 
soils and ensure that these ecosystem services continue to be provided. In this context, digital soil mapping 
(DSM) aims to provide and advance methods for data collection and analyses tailored towards detailed large-
scale mapping and monitoring of soil properties. In particular, remote and proximal sensing methodologies 
hold considerable potential to facilitate soil mapping at larger temporal and spatial scales as feasible with 
conventional soil mapping methods [Mulder, 2013]. Existing remote and proximal sensing methods support 
three main components in DSM: (1) Remote sensing data support the segmentation of the landscape into 
homogeneous soil-landscape units whose soil composition can be determined by sampling. (2) Remote and 
proximal sensing methods allow for inference of soil properties using physically-based and empirical 
methods. (3) Remote sensing data supports spatial interpolation of sparsely sampled soil property data as a 
primary or secondary data source [Mulder, 2013]. Overall, remote and proximal sensed data are an important 
and essential source for DSM as they provide valuable data for soil mapping in a time and cost efficient 
manner. 
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Heavy metals enter the environment as a result of both natural and anthropogenic activities. Naturally heavy 
metals occur in soils, usually at a relatively low concentration, as a result of the weathering and other 
pedogenic processes acting on the rock fragments on which the rock develops soil parent materials (Jankaitė 
et al., 2008 and Mbah and Anikwe, 2010). Anthropogenic sources of heavy metals for soils include 
commercial fertilizers, liming materials, agrochemicals and other materials used as soil amendment, 
irrigation waters and atmospheric decompositions (Sofianska et al., 2013 and Senesi et al., 1999). The 
categorical aspects of pollutants (inorganic and organic) come from different source of industrial activities 
and vehicle based emission. Inorganic pollutants and its compounds come from vehicle pollution and 
industrial emission. Trace elemental concentration in dust which is significantly deposited due to 
anthropogenic stress and ignorance (Rakib et al., 2014).Inter-spherical migration of chemical elements and 
their accumulation depend on a lot of environmental factors, such as meteorological conditions, the chemical 
and mineralogical composition of soil-forming rocks, the textured composition of the soil, soil solution pH, 
sorption, the content of organic matter, etc. (Jankaitė et al., 2008).  Accumulation and distribution of 
anthropogenic heavy metals in soil may depend on wet and dry depositions that convey particles from air to 
soil (Malizia et al., 2012). The sources of heavy-metal emissions from vehicles include fuel combustion, 
lubricating oil consumption, tire wear, brake wear, road abrasion. Zn comes from tire wear and galvanized 
parts such as fuel tanks. Brake wear is the most important source for Cu emissions. Through the atmospheric 
deposit or road runoff, heavy metals can be transported into the roadside soils (Yan et al., 2013). Nickel is 
included in various metal alloys, stainless steels, and electroplating. Zinc fertilizers, sewage sludge and 
atmospheric dust of industrial origin are the principal sources of Zn accumulation in soils (Omran and El 
Razek, 2012). The waste products from vehicles that ply highways contain some heavy metals inform of 
smokes. Emissions from exhaust pipes of automobile engine and contacts between different metallic objects 
in machines contain such heavy metals as Zinc (Zn), Iron (Fe) and Copper (Cu) and are major sources of 
pollution among soils .The contaminants from automobile either accumulates on the soil surface or are 
moved down to deeper layers and eventually may change the soil physicochemical properties directly or 
indirectly. Most commonly heavy metals do not degrade naturally and accumulation of high concentration in 
soils can be toxic to plants, humans and other living organisms in the surrounding environment (Mbah and 
Anikwe, 2010).Spatial distribution of some important heavy metals is essential to assess their effects on soil 
and to delineate contamination (Omran and El Razek, 2012). Geostatistical interpolation is being used to 
estimate the spatial distribution of pollutants in soil (Baraba et al., 2001; Van Meirvenne and Goovaerts, 
2001; He and Jia, 2004; Woo et al., 2009). The spatial interpolation of inverse distance weight was used to 
produce the spatial patterns of heavy metals and to quantify the probability of heavy metal concentrations 
higher than their guide values (Parveen et al., 2012). 

2.4 Application of Multiple regression In Water Quality Assessment 
Mohd Fahmi et al. (2012) purposed late systems in the administration of surface waterway water have been 
growing the interest on the technique that can give more illustrative of multivariate information set. An 
appropriate procedure of the engineering of simulated neural system (ANN) model and various straight 
relapse (MLR) gives a development apparatus to surface water displaying and guaging. The advancement of 
receptor model was connected with a specific end goal to decide the significant wellsprings of poisons at 
Kuantan River Basin, Malaysia. 

Thirteen water quality parameters were utilized as a part of essential segment investigation (PCA) and new 
variables of compost waste, surface spillover, anthropogenic information, substance and mineral changes and 
disintegration are effectively produced for demonstrating purposes. Two models were thought about 
regarding proficiency and decency of-fit for water quality list (WQI) forecast. The outcomes demonstrate 
that APCS-ANN model gives better execution with high R2 esteem (0.9680) and little root mean square 
mistake (RMSE) esteem (2.6409) contrasted with APCS-MLR model. In the interim from the affectability 
investigation, manure waste goes about as the prevailing poison supporter (59.82%) to the bowl concentrated 
on took after by anthropogenic information (22.48%), surface overflow (13.42%), disintegration (2.33%) and 
finally synthetic and mineral changes (1.95%). Consequently, this study inferred that receptor demonstrating 
of APCS-ANN can be utilized to take care of different limitations in natural issue that exist between water 
circulation variables toward proper water quality administration. 
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Y. Zhao et al. (2012) included the assessment and translation of complex water quality information and the 
wellsprings of contamination in Baiyangdian Lake (China). It likewise permitted us to get more propelled 
data about water quality, and to outline a checking system for this study zone. Multivariate factual methods, 
including main part investigation (PCA) and various leveled bunch examination (CA) were connected to 
assess water nature of the lake. 

The 21 physicochemical parameters concentrated on in the study were dissected in water tests gathered 
month to month over a two-year period from 13 diverse destinations situated in and around the lake. 
Exploratory examination of test information included utilization of PCA and CA in an endeavor to segregate 
wellsprings of variety measured in the specimens. PCA was utilized to distinguish a lessened number of five 
guideline parts, exhibiting up to 92% of both transient and spatial changes. CA characterized comparable 
water quality stations into 5 groups in light of the PCA scores. 

Muntadher A. Shareef et al. (2014) investigated customary techniques in remote detecting for evaluating 
contaminations that are by and large reflected from water. Other strategy proposed to discover contaminants 
and decide the Water Quality Parameters (WQPs) taking into account hypotheses of the composition 
examination. Observational factual models have been created to gauge and arrange contaminants in the 
water. Dark Level Co-event Matrix (GLCM) is utilized to gauge six surface parameters: contrast, connection, 
vitality, homogeneity, entropy and change. These parameters are utilized to gauge the relapse model with 
three WQPs. At long last, the fluffy K-implies bunching was utilized to sum up the water quality estimation 
on all sectioned picture. Utilizing the as a part of situ estimations and IKONOS information, the got results 
demonstrate that composition parameters and high determination remote detecting ready to screen and 
predicate the circulation of WQPs in huge streams. 

Jinnu-Lin Wu et al. (2014) evaluated the attainability of the band mix of hyperspectral detecting for inland 
turbid water observing in Taiwan. The field unearthly reflectance in the Wu stream bowl of Taiwan was 
measured with a spectro radiometer; the water tests were gathered from the diverse locales of the Wu stream 
bowl and some water quality parameters were broke down on the locales (in situ) and also conveyed to the 
lab for further investigation. To acquire the information set for this study, 160 in situ test perceptions were 
completed amid battles from August to December, 2005. 

The water quality results were associated with the reflectivity to decide the ghastly attributes and their 
association with turbidity and TSS. Besides, various relapse (MR) and fake neural system (ANN) were 
utilized to demonstrate the change capacity between TSS fixation and turbidity levels of stream water, and 
the brilliance measured by the spectroradiometer. The estimation of the turbidity and TSS relationship 
coefficient was 0.766, which suggests that turbidity is essentially identified with TSS in the Wu waterway 
bowl. The outcomes demonstrated that TSS and turbidity are decidedly associated significantly over the 
whole range, when TSS focus and turbidity levels were under 800 mg·L−1 and 600 NTU, separately. Ideal 
wavelengths for the estimations of TSS and turbidity are found in the 700 and 900 nm range, separately. 

Subramani et al. (2014) concentrated on water quality for Thirumanimuthar waterway bowl, the conceivable 
helper drinking water wellspring of Salem town Tamilnadu. Through remote sensing (RS) approach, water 
quality recovery models were set up and broke down for eight basic concerned water quality variables, 
including green growth substance, turbidity, and convergences of synthetic oxygen request, all out nitrogen, 
smelling salts nitrogen, nitrate nitrogen, complete phosphorus, and disintegrated phosphorus, by utilizing 
Landsat 5 Thematic Mapper (TM) information. 

The outcomes demonstrated that there existed a factual critical connection between's every water quality 
variable and remote detecting information in the marginally contaminated inland water body with genuinely 
feeble phantom radiation. With fitting strategy for testing pixel computerized numbers and numerous relapse 
calculations, green growth substance, turbidity, and nitrate nitrogen fixation could be recovered inside 10% 
mean relative blunder, centralizations of aggregate nitrogen and broke up phosphorus inside 20%, 
convergences of smelling salts nitrogen and aggregate phosphorus inside 30% while synthetic oxygen 
request had no viable recovery technique. These correctnesses were worthy for the handy uses of routine 
observing and early cautioning on water quality security with some backing of exact conventional checking. 
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Man Sing Wong et al. (2007) carried out the study for the recovery of suspended residue (SS) and ocean 
surface saltiness (SSS) utilising Aqua/MODIS level 1B reflectance information with 250 m and 500 m 
spatial resolutions. 'In-situ' estimations of SS and SSS were additionally contrasted and correspondent 
MODIS phantom reflectance estimations over the sea surface. Two examination strategies, namely; multiple 
regression, linear regression and principal component analysis (PCA) were performed on the MODIS 
information and the 'in-situ' estimation datasets of the SS and SSS. 

Results demonstrate the best correlation in terms of R2  0.82 for SS and R2  0.81 for SSS. The Root Mean 
Square Error (RMSE) amongst satellite and 'in-situ' information were found to be 0.92 mg/L for SS and 1.63 
psu for SSS, respectively. It was recommend that 500 m spatial determination MODIS information was more 
appropriate for water quality mapping in the study range. 
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3.0 General 
The following chapter discuss the details of the sampling stations selected within the study area for the 
collection of river water, groundwater and soil samples as the first step of the proposed methodology. 
Detailed location of the study area, laboratory analysis of the field data, specifications of the remote sensing 
data utilised in the present study as well as image processing steps are discussed herein. 

3.1 Study Area 
The present study covers a total area 15 km2 and extends a distance of 6 km in lateral direction from both 
banks of river Kali passing through Aligarh district surrounding villages namely; Barkha Hasangarhi, 
Dhurau, Banner Sharif and Chaundhera up to Kali river bridge near Aligarh on Anupshehar Road (Fig. 3.1). 
The River has a tortuous course and banks are well defined that forms a narrow flood plain. It is an 
ephemeral River which is severely polluted by effluents of industrial units especially sugar mills, paper mills, 
textile, slaughter houses and distilleries situated along the river in Muzzaffarnagar, Meerut, Hapur and 
Bulandshehar districts. 

The extent of Kali river within the study area constitutes latitude 280 34’ N and a longitude of 770 07’ E 
having an elevation of 213 m above the mean sea level (Fig. 3.2). The area experiences heavy to moderate 
rains primarily during monsoon season. The temperature ranges between 12.7 0C (mean minimum) and 40.3 
0C (mean maximum). The normal annual average rainfall is 72 cm. The month of January is the coldest 
during which the temperature touches down up to 5º Celsius and is accompanied by mist and fog with little 
rainfall. Likewise, the months of May and June being the hottest with the temperature shooting up to 46º 
Celsius (Singh 2008: 134) accompanied by hot-dry winds locally known as ‘loo’ (heat waves) which blow 
during the daytime. With the onset of the monsoons, the temperature level drops a bit with an increase in the 
relative humidity. About 86 percent of the annual precipitation in the area occurs during this season with the 
July and August being the wettest months with an average rainfall of about 68-69 cm recorded in the area 
(Idris 1994). 

 
Fig-3.1: Location map of the study area. 
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The schematic climatic cycle or pattern in the region has a direct bearing upon the agricultural production in 
the region as people mostly depend heavily on perfect weather conditions for the growth of their crops. 
However, the people are quite adapted to these weather conditions and have developed methods to limit the 
loss inflicted by weather and climate on their economy as well as to exploit the weather regime for maximum 
agricultural output. 

 
Fig-3.2: Extent of the study area 

3.2     Sampling Locations and Analysis 
In-situ field data collected from within the study area comprised of water samples from the 6 km river 
stretch, soil samples from adjoining barren agricultural lands and groundwater samples from hand pumps and 
tube wells from the surrounding villages. A total of 25 River water samples were collected from random 
locations and at a depth of 0.5 meters. Likewise a total of 48 soil samples were collected from barren 
agricultural lands extending up to 6 km laterally along both sides of the river banks and 12 groundwater 
samples were collected from the hand pumps and tube wells situated within the study area. Sampling was 
carried out on 27th April 2018 that was concurrent to the satellite (IRS-P6) overpass of which the image has 
been used and analysed simultaneously. The point sampling locations and corresponding geographic 
coordinates (both in Degrees, minutes and seconds as well as Decimal Degrees) are provided in Table 3.1 (a) 
to (c) respectively for the selected sampling locations. The geographic coordinates at each sampling point 
was recorded with the help of hand held GPS (Garmin Etrex 20) with an error of ± 2 cm (Fig. 3.3). Grab 
sampling procedure was adopted for the analysis of various water quality parameters as recommended by 
standard methods of analysis (APHA, 1999). 
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Fig-3.3: Hand held GPS used for recording coordinates of sampling locations (Garmin make). 

250 ml plastic bottles were used for collecting river water samples and 200 gram capacity top sealed poly 
bags were used for collecting the soil samples. Prior to sample collection, all bottles were washed with dilute 
acid followed by distilled water and were dried in open air. Before taking water samples, the bottles were 
rinsed three times with the water to be collected. Analysis of water and soil samples was conducted in the 
laboratory of Environmental Engineering, Civil Engineering Department, AMU, Aligarh, immediately after 
collection to avoid unpredictable changes in water sample. As the samples have to be processed within 1 
hour of collection, samples were brought in iced insulated container. The coordinates are taken from GPS 
with respect to every sample. 

Water quality parameters measured in this study included temperature, pH, EC, turbidity, dissolved oxygen 
(DO), , total dissolved solids (TDS), biochemical oxygen demand (BOD), chemical oxygen demand (COD), 
Alkalinity and heavy metals such as Iron (Fe), magnesium (Mg), chromium (Cr) and lead (Pb). 

The heavy metal concentration was determined by digesting the water samples with concentrated HNO3 and 
then analysing by atomic absorption spectrophotometer (AAS). The temperature, dissolved oxygen and pH 
of water samples were measured in the field using a DO meter. For the analysis of metals, ASTM procedure 
(ASTM, 2000) was used where in 100 ml of sample was digested with 2% HNO3 followed by dilution with 
distilled water. The heavy metal concentration was determined by AAS. Table 3.2 shows the methods used 
for the analysis of various parameters. Also, Fig.’s 3.4 (a) to (i) depicts pictorial illustrations of the sampling 
locations at the four sampling stations. 
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Fig-3.4: Pictorial illustration of the sampling locations at River site, adjoining agricultural fields and ground 

water from hand pumps. 
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Table-3.1 (a) Sampling Locations along the Selected River Stretch   
River 

Sample 
No. 

Co-ordinate River 
Sample 

No. 

Co-ordinate 

Latitude Longitude Latitude Longitude 

N-1 28° 7’ 4.05” 78° 10’ 25.17” N-14 28° 7’ 5.85” 78° 10’ 14.37” 
N-2 28° 8’ 18.71” 78° 10’ 20.15” N-15 28° 7’ 56.48” 78° 10’ 11.50” 
N-3 28° 8’ 18.20” 78° 10’ 19.10” N-16 28° 7’ 58.29” 78° 10’ 11.66” 
N-4 28° 8’ 18.20” 78° 10’ 17.85” N-17 28° 7’ 58.82” 78° 10’ 13.55” 
N-5 28° 8’ 19.57” 78° 10’ 22.45” N-18 28° 7’ 58.84” 78° 10’ 15.41” 
N-6 28° 8’ 26.98” 78° 10’ 10.72” N-19 28° 7’ 59.87” 78° 10’ 16.30” 
N-7 28° 8’ 30.68” 78° 10’ 9.98” N-20 28° 8’ 1.55” 78° 10’ 16.90” 
N-8 28° 8’ 32.83” 78° 10’ 11.09” N-21 28° 8’ 36.6” 78° 9’ 48.79” 
N-9 28° 8’ 35.14” 78° 10’ 9.21” N-22 28° 8’ 36.41” 78° 9’ 48.79” 

N-10 28° 7’ 1.65” 78° 10’ 27.64” N-23 28° 8’ 33.63” 78° 9’ 48.12” 
N-11 28° 7’ 5.76” 78° 10’ 19.34” N-24 28° 8’ 32.85” 78° 9’ 46.48” 
N-12 28° 7’ 5.76” 78° 10’ 18.07” N-25 28° 8’ 33.39” 78° 9’ 47.91” 
N-13 28° 7’ 5.25” 78° 10’ 16.04”    

Table-3.1 (b) Sampling Locations at Groundwater Sources 
GW 

Sample No. 
Co-ordinate 

Latitude Longitude 
G.W-1 28° 7’ 3.91” 78° 10’ 24.95” 
G.W-2 28° 7’ 13.99” 78° 10’ 14.52” 
G.W-3 28° 7’ 10.53” 78° 10’ 27.41” 
G.W-4 28° 8’ 24.36” 78° 10’ 22.53” 
G.W-5 28° 8’ 35.49” 78° 10’ 12.30” 
G.W-6 28° 8’ 34.68” 78° 10’ 7.89” 
G.W-7 28° 8’ 8.85” 78° 10’ 45.36” 
G.W-8 28° 7’ 57.0” 78° 11’ 1.73” 
G.W-9 28° 7’ 29.0” 78° 10’ 41.97” 
G.W-10 28° 6’ 58.85” 78° 10’ 20.12” 
G.W-10 28° 7’ 25.21” 78° 10’ 29.46” 
T.W-1 28° 8’ 23.67” 78° 10’ 6.66” 
T.W-2 28° 8’ 7.27” 78° 10’ 48.04” 

Table 3.1 (c) Sampling Locations at the Agricultural Fields 
Soil 

Sample 
No. 

Co-ordinate Soil 
Sample 

No. 

Co-ordinate 
Latitude Longitude Latitude Longitude 

S-1 28° 7’ 4.30” 78° 10’ 23.53” S-25 28° 8’ 26.07” 78° 10’ 9.31” 
S-2 28° 7’ 5.51” 78° 10’ 24.71” S-26 28° 8’ 23.67” 78° 10’ 6.66” 
S-3 28° 7’ 7.10” 78° 10’ 22.66” S-27 28° 8’ 20.39” 78° 10’ 9.94” 
S-4 28° 7’ 8.28” 78° 10’ 20.83” S-28 28° 8’ 17.04” 78° 10’ 9.97” 
S-5 28° 7’ 9.69” 78° 10’ 18.42” S-29 28° 8’ 17.93” 78° 10’ 12.96” 
S-6 28° 7’ 11.01” 78° 10’ 15.59” S-30 28° 8’ 20.13” 78° 10’ 11.07” 
S-7 28° 7’ 11.28” 78° 10’ 12.86” S-31 28° 8’ 29.79” 78° 10’ 9.04” 
S-8 28° 7’ 13.99” 78° 10’ 14.92” S-32 28° 8’ 33.12” 78° 10’ 9.72” 
S-9 28° 7’ 14.86” 78° 10’ 18.32” S-33 28° 7’ 15.32” 78° 10’ 35.35” 
S-10 28° 7’ 3.97” 78° 10’ 21.54” S-34 28° 8’ 12.03” 78° 10’ 40.32” 
S-11 28° 7’ 10.95” 78° 10’ 24.71” S-35 28° 8’ 11.8” 78° 10’ 42.75” 
S-12 28° 7’ 10.53” 78° 10’ 27.41” S-36 28° 8’ 13.01” 78° 10’ 43.97” 
S-13 28° 7’ 57.34” 78° 10’ 59.09” S-37 28° 8’ 5.94” 78° 10’ 44.0” 
S-14 28° 8’ 19.99” 78° 10’ 22.25” S-38 28° 8’ 8.85” 78° 10’ 45.36” 
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S-15 28° 8’ 21.17” 78° 10’ 21.15” S-39 28° 8’ 7.27” 78° 10’ 48.04” 
S-16 28° 8’ 21.65” 78° 10’ 18.37” S-40 28° 8’ 3.39” 78° 10’ 52.41” 
S-17 28° 8’ 24.11” 78° 10’ 15.15” S-41 28° 7’ 43.08” 78° 10’ 55.82” 
S-18 28° 8’ 24.71” 78° 10’ 11.66” S-42 28° 7’ 29.0” 78° 10’ 41.97” 
S-19 28° 8’ 28.03” 78° 10’ 11.07” S-43 28° 7’ 28.49” 78° 10’ 43.05” 
S-20 28° 8’ 37.31” 78° 10’ 12.55” S-44 28° 7’ 14.04” 78° 10’ 33.0” 
S-21 28° 8’ 36.33” 78° 10’ 10.65” S-45 28° 7’ 15.75” 78° 10’ 29.93” 
S-22 28° 8’ 34.68” 78° 10’ 7.89” S-46 28° 7’ 14.54” 78° 10’ 32.77” 
S-23 28° 8’ 33.26” 78° 10’ 5.26” S-47 28° 6’ 59.99” 78° 10’ 23.47” 
S-24 28° 8’ 29.28” 78° 10’ 6.63” S-48 28° 6’ 59.81” 78° 10’ 27.11” 

Table-3.2: Analytical method for various parameters 
Parameter Abbreviation Units Method Equipment 

pH pH  Electrometric pH meter 
temperature Temp °C  thermometer 
Conductivity EC  Electrometric  

Dissolved oxygen DO mg/l   
Total dissolved solids TDS mg/l  TDS prop. meter 

Biochemical oxygen demand BOD mg/l  D.O. prop. 
Chemical oxygen demand COD mg/l Titration  

Alkalinity   Titration  
Iron Fe mg/l Digestion A.A.S. 

Magnesium Mn mg/l Digestion A.A.S. 
Chromium Cr mg/l Digestion A.A.S. 

Lead Pb mg/l Digestion A.A.S. 

3.3      Chemicals and Reagents 
All chemicals used for analysis were of analytical reagent grade. Bacteriological reagent was obtained from 
HiMeadia. De-ionized water was used throughout the analysis work. All glassware and other containers used 
for trace element analysis were thoroughly cleaned by soaking in detergent water several times prior to use. 
All glassware and reagent used for bacteriological analysis were thoroughly cleaned and sterilized before 
use. All glassware for pesticides were rinsed with chromatography grade solvents prior to use. 

3.4       Methodology for Chemical Analysis 
Soil samples were dugout along Kali River sample site approximately at 10-20 cm depth. Soil samples were 
dried for 48 hours at room temperature (i.e. 31°C) and allowed to sieve. Sieved samples were then used to 
measure physico-chemical parameters namely; pH, C.O.D, B.O.D, Alkalinity, T.D.S and electrical 
conductivity (E.C) and heavy metals namely; Iron (Fe), manganese (Mn), chromium (Cr) and lead (Pb). 
Analysis of the samples carried out in the Environmental Engineering laboratory (A.M.U.) are illustrated in 
Fig. 3.5 (a) to (i). 

3.4.1    Physico-chemical characterization 
20 grams sieved soil samples were mixed in 100 ml distilled water at (1 : 5, w/v) and allowed to shake on 
mechanical shaker for 20 hours. Soil Solution was then passed through filter paper and filtrate was 
considered as soil extract solution. pH was measured by pH prop, T.D.S and E.C at 31°C by T.D.S prop 
meter, C.O.D measured by titration method, B.O.D was measured by D.O prop. Alkalinity was measured by 
the titration method. 

3.4.2     Metal concentration 
Analysis of heavy metals in soil samples was carried out through digestion of the soil samples. One gram of 
soil sample was digested in glass digestion tube of 250 ml with 10 mL of nitric acid (HNO3) at 150°C for 2hr 
in digestion chamber. After digestion, the sample was cooled; filtered and final volume was made up to 50 
ml with double distilled water. Heavy metals such as Iron (Fe), manganese (Mn), chromium (Cr) and lead 
(Pb) were analyzed using Atomic Absorption Spectrophotometer (A.A.S.). Physico-chemical characteristics 
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and heavy metal concentration for all the samples (River water, soil and ground water) determined in 
laboratory tests are provided in Tables 3.3(a, b) to 3.5(a, b). 

 

 
  

(e) (f) 
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Fig-3.5: Pictorial views of the physic-chemical and heavy metal analysis carried out in laboratory for water 

and soil samples collected from the study area. 

Table-3.3 a: Physico-chemical Characteristics of River Water Samples 
Sample 

No. 
Co-ordinates Physico-chemical parameters 

Latitude Longitude pH EC 
(μs/cm) 

TDS 
(mg/l) 

Alkalinity 
(mg/l) 

COD 
(mg/l) 

BOD 
(mg/l) 

DO 
(mg/l) 

N-1 28° 7’ 4.05” 78° 10’ 25.17” 6.93 1083 808 550 78.4 6.3 30.7 
N-2 28° 8’ 18.71” 78° 10’ 20.15” 7.22 1773 789 660 99.2 6.74 35.3 
N-3 28° 8’ 18.20” 78° 10’ 19.10” 7.34 1839 809 680 81.6 6.64 32.4 
N-4 28° 8’ 18.20” 78° 10’ 17.85” 7.32 1740 799 680 96 6.29 38.5 
N-5 28° 8’ 19.57” 78° 10’ 22.45” 7.3 1698 784 650 83.2 6.25 26.5 
N-6 28° 8’ 26.98” 78° 10’ 10.72” 7.37 1820 816 625 72 6.5 28.4 
N-7 28° 8’ 30.68” 78° 10’ 9.98” 7.38 1837 820 540 70.4 6.33 30.9 
N-8 28° 8’ 32.83” 78° 10’ 11.09” 7.42 1766 800 660 91.2 6.43 37.9 
N-9 28° 8’ 35.14” 78° 10’ 9.21” 7.41 1800 806 560 78.4 6.61 23.2 

N-10 28° 7’ 1.65” 78° 10’ 27.64” 7.56 1804 800 595 76.8 5.36 25.3 
N-11 28° 7’ 5.76” 78° 10’ 19.34” 7.39 1253 805 565 73.3 6.6 28.7 
N-12 28° 7’ 5.76” 78° 10’ 18.07” 7.44 1430 796 610 79.5 6.45 26.5 
N-13 28° 7’ 5.25” 78° 10’ 16.04” 7.28 1652 783 590 82.6 4.66 32.5 



 

Remote Sensing of River Pollution and Agricultural Soils 

28 

N-14 28° 7’ 5.85” 78° 10’ 14.37” 7.31 1533 851 660 89.3 2.08 28.3 
N-15 28° 7’ 56.48” 78° 10’ 11.50” 7.42 1476 822 635 75.5 4.54 23.5 
N-16 28° 7’ 58.29” 78° 10’ 11.66” 7.48 1632 789 580 90.6 6.12 28.6 
N-17 28° 7’ 58.82” 78° 10’ 13.55” 7.3 1756 806 610 89.1 6.36 32.2 
N-18 28° 7’ 58.84” 78° 10’ 15.41” 7.34 1745 775 635 84.35 5.89 27.63 
N-19 28° 7’ 59.87” 78° 10’ 16.30” 7.28 1852 814 665 81.18 5.72 25.3 
N-20 28° 8’ 1.55” 78° 10’ 16.90” 7.17 1626 754 589 76.85 6.14 28.4 
N-21 28° 8’ 36.6” 78° 9’ 48.79” 7.38 1654 816 612 85.72 6.61 31.4 
N-22 28° 8’ 36.41” 78° 9’ 48.79” 7.46 1714 787 624 77.36 4.86 26.7 
N-23 28° 8’ 33.63” 78° 9’ 48.12” 7.31 1538 763 582 86.68 5.27 33.8 
N-24 28° 8’ 32.85” 78° 9’ 46.48” 7.24 1457 811 623 72.15 4.81 30.5 
N-25 28° 8’ 33.39” 78° 9’ 47.91” 7.28 1622 805 637 77.27 6.68 27.2 

Table-3.3 b: Heavy Metal Concentration in River Water Samples 
Sample 

No. 
Co-ordinates Heavy metal concentration 

Latitude Longitude Cr 
(mg/l) 

Pb 
(mg/l) 

Fe 
(mg/l) 

Mn 
(mg/l) 

N-1 28° 7’ 4.05” 78° 10’ 25.17” 0 0.025 0.03 0 
N-2 28° 8’ 18.71” 78° 10’ 20.15” 0 0 0 0 
N-3 28° 8’ 18.20” 78° 10’ 19.10” 0 0.031 0 0 
N-4 28° 8’ 18.20” 78° 10’ 17.85” 0 0.04 0.01 0 
N-5 28° 8’ 19.57” 78° 10’ 22.45” 0 0.04 0.015 0 
N-6 28° 8’ 26.98” 78° 10’ 10.72” 0 0.01 0.009 0 
N-7 28° 8’ 30.68” 78° 10’ 9.98” 0 0.012 0.02 0 
N-8 28° 8’ 32.83” 78° 10’ 11.09” 0 0 0 0 
N-9 28° 8’ 35.14” 78° 10’ 9.21” 0 0.03 0.012 0 
N-10 28° 7’ 1.65” 78° 10’ 27.64” 0 0.025 0.012 0 
N-11 28° 7’ 5.76” 78° 10’ 19.34” 0 0.012 0.026 0 
N-12 28° 7’ 5.76” 78° 10’ 18.07” 0 0.02 0.03 0 
N-13 28° 7’ 5.25” 78° 10’ 16.04” 0 0 0.013 0 
N-14 28° 7’ 5.85” 78° 10’ 14.37” 0 0.015 0.022 0 
N-15 28° 7’ 56.48” 78° 10’ 11.50” 0 0.032 0.031 0 
N-16 28° 7’ 58.29” 78° 10’ 11.66” 0 0.035 0.015 0 
N-17 28° 7’ 58.82” 78° 10’ 13.55” 0 0.015 0.011 0 
N-18 28° 7’ 58.84” 78° 10’ 15.41” 0 0.012 0.013 0 
N-19 28° 7’ 59.87” 78° 10’ 16.30” 0 0.024 0.026 0 
N-20 28° 8’ 1.55” 78° 10’ 16.90” 0 0.014 0.022 0 
N-21 28° 8’ 36.6” 78° 9’ 48.79” 0 0.025 0.014 0 
N-22 28° 8’ 36.41” 78° 9’ 48.79” 0 0.034 0.031 0 
N-23 28° 8’ 33.63” 78° 9’ 48.12” 0 0.029 0.011 0 
N-24 28° 8’ 32.85” 78° 9’ 46.48” 0 0.016 0.015 0 
N-25 28° 8’ 33.39” 78° 9’ 47.91” 0 0.017 0.014 0 

Table 3.4 a     Physico-chemical Characteristics of Ground Water Samples 
Sample 

No. 
Co-ordinates Physico-chemical parameters 

Latitude Longitude pH EC 
μs/cm 

TDS 
(mg/l) 

Alkalinity 
(mg/l) 

CO 
(mg/l) 

BOD 
(mg/l) 

DO 
(mg/l) 

G.W-1 28° 7’ 3.91” 78° 10’ 24.95” 7.12 680 397 450 16.4 0 6.67 
G.W-2 28° 7’ 13.99” 78° 10’ 14.52” 7.06 991 610 430 36.86 0 6.66 
G.W-3 28° 7’ 10.53” 78° 10’ 27.41” 7.08 938 574 530 21.5 0 6.75 
G.W-4 28° 8’ 24.36” 78° 10’ 22.53” 7.13 376 227 260 18.43 0 6.69 
G.W-5 28° 8’ 35.49” 78° 10’ 12.30” 7.08 1033 617 440 18.43 0 6.69 
G.W-6 28° 8’ 34.68” 78° 10’ 7.89” 6.80 968 548 340 6.14 0 6.69 
G.W-7 28° 8’ 8.85” 78° 10’ 45.36” 6.88 345 201 420 27.65 0 6.74 
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G.W-8 28° 7’ 57.0” 78° 11’ 1.73” 6.87 654 368 240 24.57 0 6.68 
G.W-9 28° 7’ 29.0” 78° 10’ 41.97” 7.01 631 375 380 18.43 0 6.67 
G.W-10 28° 6’ 58.85” 78° 10’ 20.12” 6.89 688 401 320 21.5 0 6.68 

          
T.W-1 28° 7’ 59.70” 78° 10’ 41.21” 7.10 726 422 370 6.4 0 6.72 
T.W-2 28° 8’ 27.83” 78° 10’ 48.11” 7.12 258 265 240 22.4 0 6.71 

Table-3.4 b: Heavy Metal Concentration in Ground Water Samples 

Sample 
No. 

Co-ordinates Heavy metal concentration 

Latitude Longitude Cr 
(mg/l) 

Pb 
(mg/l) 

Fe 
(mg/l) 

Mn 
(mg/l) 

G.W-1 28° 7’ 3.91” 78° 10’ 24.95” 0 0 0 0 
G.W-2 28° 7’ 13.99” 78° 10’ 14.52” 0 0 0 0 
G.W-3 28° 7’ 10.53” 78° 10’ 27.41” 0 0 0 0 
G.W-4 28° 8’ 24.36” 78° 10’ 22.53” 0 0 0 0 
G.W-5 28° 8’ 35.49” 78° 10’ 12.30” 0 0 0 0 
G.W-6 28° 8’ 34.68” 78° 10’ 7.89” 0 0 0 0 
G.W-7 28° 8’ 8.85” 78° 10’ 45.36” 0 0 0 0 
G.W-8 28° 7’ 57.0” 78° 11’ 1.73” 0 0 0 0 
G.W-9 28° 7’ 29.0” 78° 10’ 41.97” 0 0 0 0 
G.W-10 28° 6’ 58.85” 78° 10’ 20.12” 0 0 0 0 
G.W-11 28° 7’ 25.21” 78° 10’ 29.46” 0 0 0 0 
T.W-1 28° 7’ 59.70” 78° 10’ 41.21” 0 0 0 0 
T.W-2 28° 8’ 27.83” 78° 10’ 48.11” 0 0 0 0 

Table-3.5 a: Physico-chemical Characteristics of Soil Samples 
Soil 

Sample 
No. 

Co-ordinates Physico-chemical parameters 

Latitude Longitude Ph EC 
(μs/cm) 

TDS 
(mg/l) 

Alkalinity 
(mg/kg) 

S-1 28° 7’ 4.30” 78° 10’ 23.53” 6.7 800 478 118.8 
S-2 28° 7’ 5.51” 78° 10’ 24.71” 6.48 650 828 352 
S-3 28° 7’ 7.10” 78° 10’ 22.66” 6.65 450 352 147.2 
S-4 28° 7’ 8.28” 78° 10’ 20.84” 7.06 600 454 188 
S-5 28° 7’ 9.70” 78° 10’ 18.42” 6.62 800 694 295 
S-6 28° 7’ 11.02” 78° 10’ 15.59” 6.48 750 475 201.6 
S-7 28° 7’ 11.72” 78° 10’ 12.80” 6.72 600 375 157 
S-8 28° 7’ 13.99” 78° 10’ 14.92” 6.58 300 271 112.5 
S-9 28° 7’ 14.86” 78° 10’ 18.32” 6.45 750 532 224 
S-10 28° 7’ 4.08” 78° 10’ 22.37” 6.57 350 552 232 
S-11 28° 7’ 10.92” 78° 10’ 24.23” 6.88 750 453 187.5 
S-12 28° 7’ 10.53” 78° 10’ 27.41” 6.74 400 265 113.7 
S-13 28° 7’ 57.34” 78° 10’ 59.09” 6.93 700 634 369.5 
S-14 28° 8’ 20.28” 78° 10’ 22.57” 6.87 850 691 291 
S-15 28° 8’ 21.17” 78° 10’ 21.15” 7.05 950 855 365.4 
S-16 28° 8’ 21.65” 78° 10’ 18.37” 7.09 700 531 385 
S-17 28° 8’ 24.11” 78° 10’ 15.15” 6.94 650 573 239 
S-18 28° 8’ 24.71” 78° 10’ 11.66” 6.94 550 636 275 
S-19 28° 8’ 27.97” 78° 10’ 11.25” 6.67 600 915 387 
S-20 28° 8’ 37.31” 78° 10’ 12.54” 6.86 800 653 275 
S-21 28° 8’ 35.92” 78° 10’ 10.73” 6.91 850 815 195.1 
S-22 28° 8’ 34.10” 78° 10’ 8.28” 6.58 750 261 107.6 
S-23 28° 8’ 33.26” 78° 10’ 5.26” 7.03 650 275 112.8 
S-24 28° 8’ 29.28” 78° 10’ 6.63” 6.9 500 210.1 86.2 
S-25 28° 8’ 25.80” 78° 10’ 9.27” 6.79 600 358 151.6 
S-26 28° 8’ 23.67” 78° 10’ 6.66” 6.76 600 214.5 87.8 
S-27 28° 8’ 20.39” 78° 10’ 9.94” 6.71 750 825 337.5 
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S-28 28° 8’ 17.04” 78° 10’ 9.96” 6.78 650 652 159.2 
S-29 28° 8’ 17.93” 78° 10’ 12.96” 6.64 500 473 199.3 
S-30 28° 8’ 20.13” 78° 10’ 11.07” 6.97 750 450 187.5 
S-31 28° 8’ 29.62” 78° 10’ 8.53” 6.86 400 380 157.5 
S-32 28° 8’ 33.12” 78° 10’ 9.72” 6.52 500 269 108.8 
S-33 28° 7’ 15.32” 78° 10’ 35.35” 6.86 700 675 327.3 
S-34 28° 8’ 12.03” 78° 10’ 40.32” 6.82 600 450 94.1 
S-35 28° 8’ 11.8” 78° 10’ 42.75” 6.8 400 245 98.1 
S-36 28° 8’ 13.01” 78° 10’ 43.97” 6.83 650 223 89.6 
S-37 28° 8’ 5.85” 78° 10’ 43.98” 6.87 750 308 124.1 
S-38 28° 8’ 8.49” 78° 10’ 45.21” 6.61 550 274 125.6 
S-39 28° 8’ 7.27” 78° 10’ 48.04” 6.67 600 262 103.6 
S-40 28° 8’ 3.33” 78° 10’ 52.39” 6.75 300 243 96.3 
S-41 28° 7’ 43.02” 78° 10’ 55.49” 6.67 650 303 120.9 
S-42 28° 7’ 29.0” 78° 10’ 41.97” 6.72 700 515 175.3 
S-43 28° 7’ 28.49” 78° 10’ 43.05” 6.81 650 292 117.8 
S-44 28° 7’ 14.04” 78° 10’ 33.0” 6.68 400 352 141.7 
S-45 28° 7’ 15.75” 78° 10’ 29.93” 6.79 600 507 200.8 
S-46 28° 7’ 14.54” 78° 10’ 32.77” 6.52 425 315 135.6 
S-47 28° 6’ 59.99” 78° 10’ 23.47” 6.62 450 303 120.8 
S-48 28° 6’ 59.81” 78° 10’ 27.11” 6.7 550 452 195.6 

Table-3.5 b: Heavy Metal Concentration in Soil Samples 
Soil 

Sample 
No. 

Co-ordinates Heavy metal concentration 
Latitude Longitude Cr 

(mg/kg) 
Pb 

(mg/kg) 
Fe 

(mg/kg) 
Mn 

(mg/kg) 
S-1 28° 7’ 4.30” 78° 10’ 23.53” 545 24150 31.5 46.5 
S-2 28° 7’ 5.51” 78° 10’ 24.71” 375 12800 25.5 40.5 
S-3 28° 7’ 7.10” 78° 10’ 22.66” 535 16100 30.5 41.5 
S-4 28° 7’ 8.28” 78° 10’ 20.84” 580 21900 39 46 
S-5 28° 7’ 9.70” 78° 10’ 18.42” 415 19600 34.5 43 
S-6 28° 7’ 11.02” 78° 10’ 15.59” 525 17550 32 42.5 
S-7 28° 7’ 11.72” 78° 10’ 12.80” 490 18350 34.5 41 
S-8 28° 7’ 13.99” 78° 10’ 14.92” 320 13900 27 38.5 
S-9 28° 7’ 14.86” 78° 10’ 18.32” 470 15050 30.5 45.5 
S-10 28° 7’ 4.08” 78° 10’ 22.37” 430 13650 27 40.5 
S-11 28° 7’ 10.92” 78° 10’ 24.23” 515 26050 43.25 44 
S-12 28° 7’ 10.53” 78° 10’ 27.41” 485 22250 39.5 49.5 
S-13 28° 7’ 57.34” 78° 10’ 59.09” 250 24340 21 36.5 
S-14 28° 8’ 20.28” 78° 10’ 22.57” 595 22550 45.5 76.5 
S-15 28° 8’ 21.17” 78° 10’ 21.15” 785 25850 46.5 39.5 
S-16 28° 8’ 21.65” 78° 10’ 18.37” 805 24950 44 37 
S-17 28° 8’ 24.11” 78° 10’ 15.15” 305 13350 26.5 39.5 
S-18 28° 8’ 24.71” 78° 10’ 11.66” 420 17150 30.5 42.5 
S-19 28° 8’ 27.97” 78° 10’ 11.25” 395 17700 31.5 45.5 
S-20 28° 8’ 37.31” 78° 10’ 12.54” 575 13350 31 40.5 
S-21 28° 8’ 35.92” 78° 10’ 10.73” 630 26950 32.5 42 
S-22 28° 8’ 34.10” 78° 10’ 8.28” 360 17250 20.55 37.5 
S-23 28° 8’ 33.26” 78° 10’ 5.26” 370 16350 31 41.5 
S-24 28° 8’ 29.28” 78° 10’ 6.63” 465 19700 35.5 43 
S-25 28° 8’ 25.80” 78° 10’ 9.27” 200 19650 26.65 14.5 
S-26 28° 8’ 23.67” 78° 10’ 6.66” 350 12300 22 36 
S-27 28° 8’ 20.39” 78° 10’ 9.94” 715 24750 42.5 33 
S-28 28° 8’ 17.04” 78° 10’ 9.96” 210 15300 35.5 42.5 
S-29 28° 8’ 17.93” 78° 10’ 12.96” 415 22350 22 34 
S-30 28° 8’ 20.13” 78° 10’ 11.07” 370 23550 26.5 44 
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S-31 28° 8’ 29.62” 78° 10’ 8.53” 375 10650 29 34 
S-32 28° 8’ 33.12” 78° 10’ 9.72” 335 17100 26 10.5 
S-33 28° 7’ 15.32” 78° 10’ 35.35” 310 24560 34.5 42.5 
S-34 28° 8’ 12.03” 78° 10’ 40.32” 375 20250 37 22.5 
S-35 28° 8’ 11.8” 78° 10’ 42.75” 375 12700 21 13 
S-36 28° 8’ 13.01” 78° 10’ 43.97” 100 14450 22 18 
S-37 28° 8’ 5.85” 78° 10’ 43.98” 180 15450 17.5 15.5 
S-38 28° 8’ 8.49” 78° 10’ 45.21” 275 8550 10.5 7.5 
S-39 28° 8’ 7.27” 78° 10’ 48.04” 240 7700 6 5.5 
S-40 28° 8’ 3.33” 78° 10’ 52.39” 225 7500 6 3 
S-41 28° 7’ 43.02” 78° 10’ 55.49” 220 14250 16 0.8 
S-42 28° 7’ 29.0” 78° 10’ 41.97” 635 23500 38.6 11.6 
S-43 28° 7’ 28.49” 78° 10’ 43.05” 645 13700 20.5 4.5 
S-44 28° 7’ 14.04” 78° 10’ 33.0” 475 11800 16.5 6 
S-45 28° 7’ 15.75” 78° 10’ 29.93” 225 25500 46 12.3 
S-46 28° 7’ 14.54” 78° 10’ 32.77” 215 12350 16.5 3 
S-47 28° 6’ 59.99” 78° 10’ 23.47” 275 14050 16.5 6 
S-48 28° 6’ 59.81” 78° 10’ 27.11” 580 18760 32.6 12.3 

3.5      Software Used 

3.5.1    ERDAS IMAGINE 9.2 Image Processing Software 
ERDAS Imagine is a raster-based programming bundle planned particularly to concentrate data from 
symbolism. Envision is pointed primarily at geospatial raster information handling and permits clients to get 
ready, show and improve advanced pictures for mapping use in geographical information system (GIS) and 
computer-aided design (CAD) programming. It is a tool compartment permitting the client to perform 
various operations on a picture and create a response to particular geological inquiries. 

By controlling symbolism information values and positions, it is conceivable to see that would not regularly 
be unmistakable and to find geo-positions of elements that would some way or another be graphical. The 
level of brilliance, or reflectance of light from the surfaces in the picture can be useful with vegetation 
examination, prospecting for minerals and so on. Other utilization illustrations incorporate direct element 
extraction, era of preparing work processes (spatial models in Imagine), import/fare of information for a 
wide assortment of arrangements, ortho-rectification, mosaicking of symbolism, stereo and programmed 
highlight extraction of guide information from symbolism. 

3.5.2    KY Plot Software 
KY Plot offers you an incorporated domain for information investigation and representation. KY Plot can 
break down information with a wide scope of registering and measurable strategies on a spreadsheet 
interface, and picture the outcomes as flexible diagrams. 

3.6      Remote Sensing Data 
IRS P6 Resourcesat-2 LISS IV satellite sensor image of date 27th April 2018 has been used in the present 
study for analysis of pollution concentration of Kali River stretch of 5 km passing through Aligarh district 
(Fig. 3.6). The subset image of the study area was created in Erdas Imagine software and shown in Fig. 3.7. 
The LISS-IV sensor of Resourcesat-2 is a multispectral high resolution camera with a spatial resolution of 
5.8 m in the multispectral or colour mode at nadir and aids unprecedented, precise views for mapping, 
change detection and image analysis. The payload provides multispectral imagery covering a swath of 70 
Km as compared to 23 km swath of Resourcesat-1. The LISS-IV camera has the additional feature of off-
nadir viewing capability by tilting the camera by +/- 26 degrees using which, 5 days revisit is possible for 
any given ground area. The data is acquired in three spectral bands namely visible and near infrared (B2, B3 
and B4). It has both MX Mode (1/3rd swath) and Mono Mode (full swath) of operation as in Resourcesat-1. 
70 Km swath coverage for MX which uses on board SSR is also designed for Resourcesat-2. Each spectral 
band has 12K element linear CCDs, each having a pixel size of 7µm x 7µm. The Odd and Even pixel rows 
are arranged in a staggered mode separated by 35µ (equal to 5 scan lines). The system has 10-bit 
quantization and covers 100% Albedo with single gain and hence no gain commands are required. Some 
important satellite sensor characteristics are provided in the Table 3.6 below. 
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Table-3.6: IRS P6 LISS IV Sensor Specifications 
Satellite Resourcesat-2 
Period 2011- 
Orbit Sun synchronous Polar 

Eq. crossing 10:30 AM 
Altitude 822 

Inclination 
(Degrees) 98.73 

Repeat cycle (days) 24 
Sensors LISS III, LISS IV and AWiFS 

Bands 
LISS IV      Band 1 : 0.52 – 0.59 µm 

Band 2: 0.62 – 0.68 µm 
Band 3: 0.77 – 0.86 µm 

Spatial resolution 5.8 m 
Radiometric resolution (Bits) 10 Bits 

 
Fig-3.6: IRS P6 LISS IV Full scene (Tile) of date 27th April 2018 covering study area marked as rectangle in 

yellow colour procured from NRSC Hyderabad. 



 

Remote Sensing of River Pollution and Agricultural Soils 

33 

 
Fig-3.7: Subset image of the study area with sampling locations marked as yellow, green and purple dots. 

3.7      Processing of Satellite Data for Pollution Monitoring 
High resolution imagery of Resourcesat-2 satellite with LISS IV sensor (having spatial resolution in 
multispectral bands MS as 5.8 m) shown in Fig. 3.6 was procured from NRSC Hyderabad, India. Digital 
numbers (DN) in all three spectral bands (i.e. GREEN RED and Near Infrared; (G-R-NIR) corresponding to 
the point sampling locations were extracted and are provided in APPENDEX – II. 

DN values basically describe the pixel values that have not been calibrated into physically meaningful units. 
In general, multispectral satellite data are converted into physical quantities such 
as Radiance or Reflectance before they are subjected in multispectral analysis techniques (image 
interpretation, band arithmetic, vegetation indices, matrix transformations, etc.). The latter can be 
differentiated in Top of Atmosphere Reflectance (ToAR) which does not account for atmospheric effects 
(absorption or scattering) and in Top of Canopy Reflectance (ToCR) which introduces a "correction" for 
atmospheric effects. 

Radiance is the amount of radiation coming from an area. To derive a radiance image from an uncalibrated 
image, a gain and offset must be applied to the pixel values.  These gain and offset values are typically 
retrieved from the image's metadata or received from the data provider. The spectral radiance observed at the 
sensor aperture is determined from the DN values and utilising the radiometric gain and offset values in the 
product metadata from the following equation; 

L = Gain × DN + offset              3.1 

Where; 

            =    Specific spectral band of image, Near IR, Red, Green, Blue or Panchromatic. 

L          = Spectral radiance for band  at the sensor’s aperture (mW/cm2/µm/str). 

Gain =    Radiometric calibration gain (mW/cm2/µm/str/DN) for band  from product metadata. 

DN    =    Digital number values for band  of image product. 
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offset =   Radiometric calibration offset (mW/cm2/µm/str) for band  from product metadata. 

Gain and offset values of LISS IV image data utilised in the present study as retrieved from the product 
metadata are depicted in Fig. 3.8. 

 
Fig-3.8: IRS-P6 LISS IV Metadata listing details of gain and offset values encircled in red for the three   

bands. 

Using equation 3.1 the DN values of the entire image covering the study area are converted into radiance 
images separately for each three multispectral band (i.e. Green, Red and NIR) and each single band radiance 
image is shown in Fig.’s 3.9 to 3.11 respectively. 

Radiance images of each spectral band are then converted into a single multispectral reflectance image (Fig. 
3.11). Reflectance is the measure of the ratio of proportion of radiation striking on a surface to the reflected 
radiation.  Most of the earth’s features are identified by their reflectance spectra and therefore it is a common 
step to correct an image in to reflectance for identification of features in an image. 

3.7.1     Top of Atmosphere Reflectance 
Top-of-atmosphere reflectance (or TOA reflectance) is the reflectance measured by a space-based sensor 
flying higher than the earth's atmosphere. These reflectance values will include contributions from clouds 
and atmospheric aerosols and gases. 

Surface Reflectance 
The spectral behaviour of each feature was studied in order to understand how they appear differently (if at 
all) in remote sensing images. Intensity of electromagnetic radiation (EMR) from each point viewed on the 
earth’s surface is recorded in digital sensors as a digital (DN) in uncelebrated arbitrary units for each spectral 
band. Intensity of EMR recorded is dependent on viewing geometry of satellite, location of the sun, specific 
weather conditions, etc. Therefore, in order to study the spectral characteristics DN is converted to spectral 
radiance measured at the sensor. The spectral radiance is converted to reflectance; this is directly comparable 
between images. Reflectance is the ratio of upwelling radiance recorded at the time of image acquisition. 
While apparent reflectance is the reflectance at the top of the atmosphere (i.e. not allowing for the effects of 
atmospheric attenuation) and is termed as exo-atmospheric reflectance for satellite based studies (Lillesand 
and Kiefer, 2000). The spectral calibration of data has been done with the help of “Modeller” module 
available in ERDAS imagine the image processing software. 

Surface Reflectance is the reflectance of the surface of the Earth. Clouds and other atmospheric components 
do not affect surface reflectance spectra and as such images of surface reflectance are derived from calibrated 
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radiance images. There are many ways to derive reflectance images from radiance images, and the most 
commonly used equation for the conversion is given below; 

                          3.2 

Where; 

P =  Unitless planetary reflectance, 

d = Earth – Sun distance (astronomical units) 

(1- (0.01674 cos (0.9856 (JD-4))))2  where, JD is Julian day. 

ESUN    = Mean solar exo-atmospheric spectral irradiances (mW/cm2/µm), at an Earth-Sun distance of 1 
astronomical unit (A.U.) 

s = Solar zenith angle =  90  - Sun elevation angle 

Sun elevation angle = 67.337461 (from Product Metadata) 

L               = Spectral radiance for band  at the sensor’s aperture (mW/cm2/µm/str) 

The earth-sun distance (d) in astronomical units (A.U.) can be obtained from any nautical handbook or 
interpolated from the values listed in Table 3.7 adopted from IRS P6 Resourcesat-2 product manual. 

Table-3.7: Earth-Sun Distance in Astronomical Units (A.U.) 
Julian 
Day 

Distance 
(A.U.) 

Julian 
Day 

Distance 
(A.U.) 

Julian 
Day 

Distance 
(A.U.) 

Julian 
Day 

Distance 
(A.U.) 

Julian 
Day 

Distance 
(A.U.) 

1 0.9832 74 0.9945 152 1.0140 227 1.0128 305 0.9925 

15 0.9836 91 0.9993 166 1.0158 242 1.0092 319 0.9892 

32 0.9853 106 1.0033 182 1.0167 258 1.0057 335 0.9860 

46 0.9878 121 1.0076 196 1.0165 274 1.0011 349 0.9843 

60 0.9909 135 1.0109 213 1.0149 288 0.9972 365 0.9833 

Source: Resourcesat -2 Radiance at Aperture and Planetary Reflectance; NRSA, Hyderabad (Values in red 
oval are the adopted values for computations via interpolation) 

Also, the mean solar exo-atmospheric spectral irradiances (mW/cm2/µm), at an Earth-Sun distance of 1 
astronomical unit (A.U.) for IRS P6 Resourcesat-2 LISS IV sensor for different bandwidths are provided in 
Table 3.8 and obtained from NRSA/DPA/SPQEG/DQEPQCD/SN-July 2004. 

Table-3.8: Mean Solar Exo-atmospheric Spectral Irradiances (ESUN) for IRS P6 LISS IV Bands 

Band ESUN (mW/cm2/µm) 

Band-2 (Green) 1853.6 

Band-3 (Red) 1581.6 

Band-4 (NIR) 1114.3 

The transformed values of digital numbers to radiance values and finally to reflectance values at sampling 
locations by utilising equations 3.1 and 3.2 respectively are provided in Table’s 3.9 to 3 .12. 
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Fig-3.9: Radiance image (GREEN Band ‘B-2”) of the study area. 

 
Fig-3.10: Radiance image (RED Band ‘B-3”) of the study area. 
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Fig-3.11: Radiance image (NIR Band ‘B-4”) of the study area. 

 
Fig-3.12: Spectral reflectance image (Layer Stacked G-B-NIR) of the study area. 
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3.8 Normalised Difference Vegetation Index (NDVI) 
The Normalized Difference Vegetation Index (NDVI) is an index of plant “greenness” or photosynthetic 
activity, and is one of the most commonly used vegetation indices. Vegetation indices are based on the 
observation that different surfaces reflect different types of light differently. Photosynthetically active 
vegetation, in particular, absorbs most of the red light that hits it while reflecting much of the near infrared 
light. Vegetation that is dead or stressed reflects more red light and less near infrared light. Likewise, non-
vegetated surfaces have a much more even reflectance across the light spectrum, Fig. 3.13. 

NDVI always ranges from -1 to +1. But there isn’t a distinct boundary for each type of land cover. 

For example, when you have negative values, it’s highly likely that it’s water. On the other hand, if you have 
a NDVI value close to +1, there’s a high possibility that it’s dense green leaves. But when NDVI is close to 
zero, there isn’t green leaves and it could even be an urbanized area. 

 
Fig3.13: Spectral reflectance of grassland cover types. 

By taking the ratio of red and near infrared bands from a remotely-sensed image, an index of vegetation 
“greenness” can be defined. The Normalized Difference Vegetation Index (NDVI) is probably the most 
common of these ratio indices for vegetation. NDVI is calculated on a per-pixel basis as the normalized 
difference between the red and near infrared bands from an image: 

               3.3 

where NIR is the near infrared band value for a cell and RED is the red band value for the cell. NDVI can be 
calculated for any image that has a red and a near infrared band. The biophysical interpretation of NDVI is 
the fraction of absorbed photosynthetically active radiation. NDVI image was generated in ERDAS Imagine 
9.2 (Fig. 3.15) so as to mask out the vegetated fields as well as settlement areas from the study area utilising 
spatial modeller (Fig. 3.14). The final masked out image with only barren fields and the River is shown in 
Fig. 3.16 and 3.17. 
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Fig-3.14: Functional script in spatial modeller of ERDAS Imagine for masking vegetation and settlement 

areas. 

 
Fig-3.15: NDVI image of the study area. 
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Fig-3.16: Masked out vegetation and settlement areas from spectral reflectance image of the study area. 

 
Fig-3.17: Kali River segment within study area extracted from the spectral reflectance image. 
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Table-3.9: Transformation of DN values into Radiance and Reflectance values for River water samples 

 
Table-3.10: Location and elevation of ground water samples 
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Table-3.11: Transformation of DN values into Radiance and Reflectance values for soil samples 

 
Table-3.12: Transformation of DN values into Radiance and Reflectance values for soil samples 
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Chapter - IV 

RESULTS AND DISCUSSION 
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4.0 General 
The physical, chemical and biological characteristics of water and soil are used to describe the quality of 
both in terms of organic and inorganic substances such as heavy metals, pesticides, detergents and 
petroleum. The physical characteristics of water comprises of turbidity, color and temperature, the biological 
characteristics include plankton and pigment. Also, physical characteristics of soil comprises of co0.lour, 
texture, bulk density, permeability and porosity. The present study utilizes high resolution IRS-P6 LISS IV 
imagery for monitoring and mapping pollution concentration in and around Kali river stretch passing through 
Aligarh district (U.P.). This chapter discusses in detail, the results obtained by employing multiple linear 
regression approach as well as statistical analysis of the water and soil quality parameters obtained through 
laboratory experiments. 

4.1      ANALYSIS OF RIVER WATER QUALITY PARAMETERS 
4.1.1   pH 
pH is an indicator of the acidity or basicity of a water, but is seldom a problem by itself. The main use of pH 
in a water analysis is for detecting abnormal water. pH has no direct impact on the consumers. In spite of this 
fact, it is one of the most important water quality parameter due to effect on performance of treatment units 
and supply lines. It plays an important role in clarification and disinfection. For effective disinfection with 
chlorine, the pH should preferable be less than 8; however, lower-pH water (< 7) is more likely to be 
corrosive. Failure to minimize corrosion can result in the contamination of drinking-water and adverse effect 
on its taste and appearance. Bureau of Indian Standards (BIS) has prescribed permissible limit of 6.5-8.5 for 
drinking water. The normal pH range for irrigation water is from 6.0 to 8.5. An abnormal value is a warning 
that the water needs further evaluation. 

Irrigation water with a pH outside the normal range may cause a nutritional imbalance or may contain a toxic 
ion. Kali river water samples were analysed in the Environmental laboratory of Civil Engineering 
Department, AMU; pH values of 25 river water samples are summarised as below and graphically illustrated 
as Fig. 4.1; 

 The maximum pH of river water found in sample no. (N-10) is 7.56. 

 The minimum pH of soil around Kali river find in sample no. (N-1) is 6.93. 

 The average pH of soil around Kali river is 7.33. 

 
Fig-4.1: Measure of pH concentrations at 25 river sampling locations. 

 
4.1.2 Electrical Conductivity (EC) 
The suitability of irrigation water is mainly depends on the amounts and type of salts present in water. The 
main soluble constituents are calcium, magnesium, sodium as cations and chloride, sulphate, bicarbonate as 
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anions. The other ions are present in minute quantities are boron, selenium, molybdenum and fluorine which 
are harmful to animals fed on plants grown with excess concentration of these ions. Salt concentration of 
irrigation water is measured as electrical conductivity (EC). Conventionally, water containing total dissolved 
salts to the extent of more than 2250 μs/cm has been classified as saline (Refer Table 4.1). Saline waters are 
those which have sodium chloride as the predominant salt. Values of EC obtained for various River water 
samples are illustrated in Fig. 4.2. 

Table-4.1: Suitability Range of EC for soils with various water classes 
Water class EC μs/cm Soils for which suitable 

Normal waters Less than 250 All soils 
Low salinity waters 250-750 Light and medium textured soil 

Medium salinity waters 750-2250 Light and medium textured soil for semi-tolerant crops 
Saline waters 2250-4000 Light and medium textured soil for tolerant crop. 

High salinity waters More then 4000 Not suitable. 

 The maximum EC of river water found in sample no. (N-19) is 1892 μs/cm. 

 The minimum EC of river water in sample no. (N-1) is 1083 μs/cm. 

 The average EC of river water is 1644 μs/cm. 

 
Fig-4.2: Measure of EC concentrations at 25 river sampling locations. 

4.1.3 Total Dissolved Solids (TDS) 
Total dissolved solids (TDS) are the term used to describe the inorganic salts and small amounts of organic 
matter present in solution in water. The presence of dissolved solids in water may affect its taste.  Water with 
extremely low concentration of TDS may also be unacceptable because of its flat, insipid taste. The presence 
of high levels of TDS may also be objectionable to consumers, owing to excessive scaling in water pipes, 
heaters, boilers and household appliances. BIS has prescribed 1500 mg/L as the permissible limit for TDS in 
surface water. The guideline is not health based but on the basis of palatability. The acceptable limit of TDS 
concentrations in irrigation water for most of rabi and kharif crops range from 200 to 500 mg/L. TDS 
concentrations higher than 2,000 mg/L can damage the crops. The acceptable limit of TDS for irrigation 
water as specified by WHO ranges from 450 to 2000 mg/l. TDS concentrations in River water samples 
obtained through laboratory analysis are discussed below and illustrated graphically in Fig. 4.3. 

 Maximum TDS of river water found in sample no. (N-14) is 851 mg/l. 

 Minimum TDS of river water found in sample no. (N-20) is 754 mg/l. 

 Average TDS is 800.32 mg/l. 
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Fig-4.3: Measure of TDS concentrations at 25 river sampling locations. 

4.1.4 Alkalinity 
Alkalinity is a measure of the water's ability to neutralize acidity. Alkalinity test measures the level of 
bicarbonates, carbonates, and hydroxides in water and test results are expressed as parts per million (ppm) of 
calcium carbonate (CaCO3). The desirable range of Alkalinity for irrigation water is 0 to 100 ppm calcium 
carbonate. Levels between 30 ppm and 60 ppm are considered to be optimum for most of the agricultural 
crops. Water with high Alkalinity (i.e., high levels of bicarbonates or carbonates) always has a pH value 
equals to 7 or above, but water with high pH doesn't always have high Alkalinity. This is important because 
high Alkalinity exerts the most significant effects on growing medium fertility and plant nutrition. Alkalinity 
values obtained from laboratory analysis are briefly described below and plotted as bar graph shown in Fig. 
4.4. 
 Maximum Alkalinity of river water found in sample no. (N-3 and N-4) is 680 mg/l. 
 Minimum Alkalinity of river water found in sample no. (N-7) is 540 mg/l. 
 Average Alkalinity of River water is 617 mg/l. 

 
Fig-4.4: Measure of Alkalinity at 25 river sampling locations. 
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4.1.5 Chemical Oxygen Demand (COD) 
Chemical oxygen demand (COD) is a measure of the total quantity of oxygen required to oxidize all organic 
material into carbon dioxide and water. Natural sources of COD present in water are leaves and Woody 
Debris, Dead Plants and Animals, and Animal Manure. The human-caused sources for COD in water are 
effluents from Pulp and Paper Mills, Wastewater Treatment Plants, Feedlots, and Food-Processing plants; 
Failing Septic Systems; and Urban Storm water Runoff. It is a parameter which indicates the overall strength 
of any wastewater in terms of amount of organic matter present in it. Fig. 4.5 shows the measure of COD at 
the 25 river sampling locations. BIS has prescribed permissible limit of 250 mg/L for surface water. COD 
values obtained for sampling locations is summarised below. 

 Maximum COD of river water found in sample no. (N-1) is 99.2 mg/l. 

 Minimum COD of river water found in sample no. (N-7) is 70.4 mg/l. 

 Average COD of river water samples is 82 mg/l. 

 
Fig-4.5: Measure of COD at 25 river sampling locations. 

4.1.6 Bio-chemical Oxygen Demand (BOD) 
Biochemical Oxygen Demand (BOD) also called Biological Oxygen Demand is the amount of dissolved 
oxygen needed by aerobic biological organisms to break down organic material present in a given water 
sample at certain temperature over a specific time period. The BOD value is most commonly expressed in 
milligrams of oxygen consumed per litre of sample during 5 days of incubation at 20 °C. Biochemical 
oxygen demand (BOD) of wastewater is an important criterion for judging the suitability of wastewaters for 
irrigation. Wastewaters with a wide range of BOD (0 to 1000 mg/L) were used for irrigation of a variety of 
crops.  In general the wastewater used for irrigation, the acceptable limit of BOD set by WHO is 30-100 
mg/l. BOD values obtained from laboratory analysis are briefly described below and plotted as bar graph 
shown in Fig. 4.6. 

 Maximum BOD of river water found in sample no. (N-4) is 38.5 mg/l. 

 Minimum BOD of river water found in sample no. (N-9) is 23.2 mg/l. 

 Average BOD of the river water is 29.7 mg/l. 
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Fig-4.6: Measure of BOD at 25 river sampling locations. 

4.1.7 Dissolved Oxygen (DO) 
Dissolved oxygen (DO) in irrigation water is often completely neglected, though it can have significant 
impact on plant health, root development, fertilizer and water uptake as well as yield. DO values obtained 
from laboratory analysis are briefly described below and plotted as bar graph shown in Fig. 4.7. Water with 
insufficient DO tends to take away oxygen from plants through the root system as well as deplete soil 
oxygen, both of which are needed for a healthy plant and a healthy soil bacterial flora.  Cold water can hold 
more dissolved oxygen than warm water and fresh water can hold more dissolved oxygen than the salt water. 
The maximum amount of DO that the water can hold is called the saturation value. DO at levels around 5 
mg/l in irrigation water is typically considered acceptable for plant health. Most greenhouse crops, however, 
perform better with higher DO levels. Levels of 8 mg/l or higher are generally considered to be good for 
greenhouse production and much higher levels, as high as 30 mg/l or more, are achievable and can be 
beneficial. If DO levels are below 4 mg/l, the water is hypoxic and becomes very detrimental, possibly fatal, 
to plants and animals. 

 
Fig-4.7: Measure of DO at 25 river sampling locations. 
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Therefore, when measuring DO, it is important to understand the oxygen demand in the irrigation system and 
in the plant roots. Increasing DO in irrigation water can increase the quality and plant growth, reducing 
cropping time and overall health. High levels of dissolved oxygen promote healthy root growth. BIS has 
prescribed 4 mg/L as the permissible limit for DO in surface water for the survival of aquatic 
microorganisms. Statistical measures obtained from laboratory analysis is briefly discussed below; 

 Maximum DO of river water found in sample no. (N-2) is 6.74 mg/l. 

 Minimum DO of river water found in sample no. (N-14) is 2.08 mg/l. 

 Average DO of river water is 5.85 mg/l. 

4.1.8 Lead Concentrations (Pb) 
Contamination of water and soils by heavy metals is a wide spread occurrence as a result of human, 
agriculture and industrial activities. Among heavy metals, lead (Pb) is a potential pollutant that readily 
accumulates in the soils and sediments. Pb concentration values in River water samples obtained from 
laboratory analysis are briefly described below and plotted as bar graph shown in Fig. 4.8. 

 
Fig-4.8: Measure of Pb concentrations at 25 river sampling locations. 

Although lead is not an essential element for plants, it gets easily absorbed and accumulated in different 
plant parts. Excess Pb in irrigation water causes a number of toxicity symptoms in plants e.g. stunted growth, 
chlorosis and blackening of root system. Lead tolerances is associated with a capacity of plants to restrict 
lead concentrations up to the cell walls, synthesis of osmolytes and activation of antioxidant defence system. 
Summary of results for Pb concentrations is discussed below; 

 Maximum Pb in river water found in sample no. (N-4 and N-5) is 0.04 mg/l. 

 Minimum Pb in river water found in samples N-2, 8 and 13) is zero (i.e. 0.0 mg/L). 

 Average Pb concentration in river water is 0.0205 mg/l. 

4.1.9 Iron Concentration (Fe) 
Iron (Fe) is considered as a complex water quality problem that not only affects plant growth but also can 
clog irrigation equipment. For micro-irrigation systems, iron levels need to be below 0.3 mg/L to prevent 
clogging. Levels above 1.0 mg/L can cause foliar spotting in overhead irrigation systems. Very high iron 
above 5.0 mg/L can cause severe staining and plant toxicity in sensitive species. Iron toxicity problems are 
most likely to occur where growth media is acidic (below pH 6.0). Induced iron deficiency can also occur in 
sensitive species if pH is greater than 7.0 to 7.5. Iron (Fe) concentration values in river water samples 
obtained from laboratory analysis are briefly described below and plotted as bar graph shown in Fig. 4.9. 
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 Maximum iron concentration in river water found in sample no. (N-15) and (N-22) is 0.031 mg/l. 

 Minimum iron concentration in river water found in sample no. (N-2, 3 and 8) is zero (i.e. 0.0 mg/L). 

 Average iron concentration in river water is 0.0161 mg/l. 

 
Fig-4.9: Measure of Fe concentrations at 25 river sampling locations. 

4.1.10 Manganese Concentration (Mn) 
Manganese presents many of the same issues as iron in irrigation water. It can clog irrigation 
equipment and cause foliar staining. The recommended drinking water standard for manganese is 0.05 
mg/L which is also the level where black staining and irrigation clogging may occur. Concentrations 
above 2.0 mg/L can be directly toxic to some plant species. Removal of manganese utilizes the same 
treatment described for iron above, but manganese removal efficiency is generally lower than iron and 
may require pH adjustment. Laboratory analysis of Mn concentration in all 25 river water samples 
showed no presence or traces of Mn. 

4.1.11 Chromium Concentration (Cr) 
The most commonly occurring forms of Cr are trivalent- Cr+3 and hexavalent- Cr+6, with both states being 
toxic to animals, humans and plants. Chromium occurs naturally by the burning of oil and coal, petroleum 
from Ferro cromate refractory material, pigment oxidants, catalyst, chromium steel, fertilizers, oil well 
drilling and metal plating tanneries. Anthropogenically, chromium is released into the environment through 
sewage and fertilizers. Chromium is extensively used in industries such as metallurgy, electroplating, 
production of paints and pigments, tanning, wood preservation, chemical production and pulp and paper 
production. These industries play a major role in chromium pollution with an adverse effect on biological 
and ecological species. A wide range of industrial and agricultural practices increase the toxic level in the 
environment causing concern about the pollution caused by chromium. 

Chromium may also enter the natural waters by weathering of Cr-containing rocks, direct discharge 
from industrial operations, leaching of soils, among others. In the aquatic environment Cr may suffer 
reduction, oxidation, sorption, desorption, dissolution, and precipitation. The aqueous solubility of 
trivalent- Cr+3 is a function of the pH of the water. Under neutral to basic pH, trivalent- Cr+3 will 
precipitate and conversely under acidic pH it will tend to solubilize. The forms of hexavalent- Cr+6 
chromate and dichromate are extremely soluble under all pH conditions, but they can precipitate with 
divalent cations (Kimbrough et al., 1999). The recommended limits for Cr concentration in water are 
8 μg /L for trivalent- Cr+3 and 1 μg/L for hexavalent- Cr+6. In the effluents in the vicinity of Cr 
industries the levels of Cr range from 2 to 5  g /L. Laboratory analysis of Cr concentration in all 25 
River water samples showed no presence or traces of Cr. 
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Table 4.2 reveals statistical description of physico-chemical characteristics of 25 River water samples in 
terms of maximum, minimum, mean, variance, co-variance and standard deviation. 

Table-4.2: Statistical Description of Physico-chemical Characteristics of River Water Samples. 
Physico-

chm char. pH EC TDS Alkalinity CO BOD DO Pb Fe Cr Mn 

Mean 7.33 1644 800.8 616.68 81.947 29.613 5.8496 0.0331 0.0161 - - 
S.E.M. 0.024 38.123 3.1854 8.079 1.5149 0.8031 0.20876 0.0134 0.00187 - - 

S.D. 0.121 190.62 15.927 40.393 7.5749 4.0155 1.0438 0.0669 0.00934 - - 
Variance 0.015 36334 253.67 1631.56 57.381 16.124 1.0895 0.00449 8.72E-5 - - 
Co Var. 0.017 0.1159 0.0199 0.0655 0.0924 0.1356 0.17844 2.02292 0.5809 - - 

Minimum 6.93 1083 763 540 70.4 23.2 2.08 0 0 - - 
Maximum 7.56 1852 831 680 99.2 38.5 6.74 0.35 0.031 - - 

*S.E.M.: Standard error of measurement; S.D.: Standard deviation; Co. Var.: Co-variance 

4.2 Water Quality Index (WQI) for River Water Samples 
Water quality index is one of the most effective tool to monitor the surface as well as ground water pollution. 
It can be used efficiently in the implementation of water quality upgrading programmes. Water quality index 
provide information on a rating scale from zero to hundred. Nine parameters have been selected for 
developing the water quality index. In the present study the WQI has been calculated in Microsoft Excel 
using WQI equations. In the first step, each of the nine parameters such as pH, EC, TDS, DO, BOD, COD, 
Fe and Pb (heavy metals such as Cr and Mn did not record any presence in the samples) has been assigned 
weights (wi) according to their relative importance in the overall quality of surface water (i.e. River water) 
for its use in irrigation practice. The highest value of wi of 5 was assigned to parameters which have the 
major effects on water quality and their importance in quality (viz., heavy metals such as Fe and Pb) and a 
minimum of 2 was assigned to parameters which are considered as not harmful such as pH and EC 
(Srinivasamoorthy et al., 2008). 

Other parameters like BOD, COD, Do and TDS were assigned weights between 1 and 5 depending on their 
importance in water quality determination. In the second step, the relative weight (Wi) is computed from Eq. 
4.1. 

Wi                 4.1 

Wi and wi is the relative weight and weight of each parameter respectively and n is the number of parameters. 
A quality rating scale (qi) for each parameter is assigned by dividing its concentration in each water sample 
by its respective standard according to the guidelines laid down in the BIS and the result for the same is 
multiplied by 100 (Eq. 4.2) 

                         4.2 

Where, qi is the quality rating, Ci is the concentration of each chemical parameter in each water sample in 
mg/L. Also Si is the Indian drinking water standard for each chemical parameter in mg/L according to the 
guidelines of the BIS. For computing the WQI, the SI is first determined for each chemical parameter, which 
is then used to determine the WQI as per the following equations (4.3 and 4.4) 
SIi = Wi × qi                           4.3 

                        4.4 

Where, SIi is the sub index of ith parameter, qi is the rating based on concentration of ith parameter, n is the 
number of parameters. The computed WQI values are categorized into five types as “excellent water” to 
“water, unsuitable for drinking”. The range for water quality index for irrigation purpose is tabulated in 
Table 4.3. 
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Table-4.3: Water Quality Index (WQI) for River water samples 

Samples 

 

PH 
TDS 
mg/l 

EC 
μs/cm 

Alk. 
mg/l 

COD 
mg/l 

BOD 
mg/l 

DO 
mg/l 

Cr 
mg/l 

Pb 
mg/l 

Fe 
mg/l 

Mn 
mg/l WQI Rating 

Sli Sli Sli Sli Sli Sli Sli Sli Sli Sli Sli 

N-1 8.26 38.38 51.98 65.54 1.50 14.73 11.26 0 3.0 0.18 0 194.83 SLIGHT 

N-2 8.60 37.47 85.10 78.65 1.90 16.95 12.05 0 0 0 0 240.72 SLIGHT 

N-3 8.75 38.43 88.27 81.03 1.56 15.55 11.87 0 3.72 0 0 249.18 SLIGHT 

N-4 8.72 37.95 83.52 81.03 1.84 18.48 11.22 0 4.8 0.06 0 247.62 SLIGHT 

N-5 8.70 37.24 81.50 77.46 1.60 12.72 11.17 0 4.8 0.09 0 235.28 SLIGHT 

N-6 8.78 38.76 87.36 74.48 1.40 13.63 11.62 0 1.2 0.05 0 237.28 SLIGHT 

N-7 8.79 38.95 88.17 64.35 1.35 14.83 11.32 0 1.44 0.12 0 229.32 SLIGHT 

N-8 8.84 38.00 84.76 78.65 1.75 18.20 11.50 0 0 0 0 241.7 SLIGHT 

N-9 8.83 38.28 86.4 66.73 1.50 11.14 11.82 0 3.6 0.07 0 228.37 SLIGHT 

N-10 9.01 38.00 86.59 70.91 1.48 12.14 9.58 0 3.0 0.07 0 230.78 SLIGHT 

N-11 8.81 38.24 60.14 67.33 1.41 13.77 11.80 0 1.44 0.15 0 203.09 SLIGHT 

N-12 8.86 37.81 68.64 72.70 1.53 12.72 11.53 0 2.4 0.18 0 216.37 SLIGHT 

N-13 8.67 37.2 79.29 70.31 1.56 15.60 8.33 0 0 0.08 0 221.04 SLIGHT 

N-14 8.71 40.42 73.58 78.65 1.72 13.58 3.72 0 1.8 0.13 0 222.31 SLIGHT 

N-15 8.84 39.04 70.84 75.68 1.45 11.28 8.12 0 3.84 0.19 0 219.28 SLIGHT 

N-16 8.91 37.47 78.33 69.12 1.74 13.73 10.94 0 42 0.09 0 262.33 SLIGHT 

N-17 8.70 38.29 84.28 72.70 1.71 15.45 11.37 0 1.8 0.07 0 234.37 SLIGHT 

N-18 8.75 36.82 83.76 75.67 1.62 13.26 10.53 0 1.44 0.078 0 231.93 SLIGHT 

N-19 8.67 38.66 88.90 79.25 1.56 12.14 10.23 0 2.88 0.156 0 242.45 SLIGHT 

N-20 8.54 35.82 78.05 70.20 1.47 13.63 10.97 0 1.68 0.132 0 220.49 SLIGHT 

N-21 8.80 38.76 79.40 72.93 1.64 15.07 11.82 0 3.0 0.084 0 231.51 SLIGHT 

N-22 8.89 37.38 82.27 74.36 1.48 12.81 8.68 0 4.08 0.186 0 230.14 SLIGHT 

N-23 8.71 36.24 73.83 69.35 1.66 16.22 9.42 0 3.48 0.066 0 218.98 SLIGHT 

N-24 8.63 38.52 69.94 74.24 1.38 14.64 8.59 0 1.92 0.09 0 217.95 SLIGHT 

N-25 8.68 38.24 77.85 75.91 1.48 13.05 11.94 0 2.04 0.084 0 229.27 SLIGHT 

*Alk.: Alkalinity 

4.3       Analysis of Groundwater Quality Parameters 
4.3.1 pH 
A total of 12 groundwater samples inclusive of two samples from tube wells and 10 from hand pumps from 
various locations within the study area were collected and analysed in the Environmental Engineering 
laboratory of Civil Engineering Department, AMU for the same water quality parameters as were analysed 
for River water samples; viz. pH, EC, TDS, COD, BOD, DO, Cr, Fe, Pb and Mn. Results obtained are briefly 
summarised below along with the bar graph illustration shown in Fig. 4.10. 

 The maximum pH in ground water around Kali river is found in sample no. G.W-4; is 7.56. 

 The minimum pH in ground water around Kali river found in sample no. G.W-6; is 6.93. 

 The average pH in ground water is 7.01. 
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Fig-4.10: Measure of pH at 12 groundwater sampling locations. 

4.3.2 Electrical Conductivity (EC) 
Laboratory analysis and results obtained for EC in 12 groundwater samples are briefly summarised below 
along with the bar graph illustration shown in Fig. 4.11. 

 Maximum EC in ground water around Kali river found in sample no. G.W-5 is 1033 μs/cm. 

 Minimum EC is found in tube well water samples around Kali River in sample no. T.W-2 is 258 μs/cm. 

 The average EC in ground water around Kali River is 691 μs/cm. 

 
Fig-4.11: Measure of EC concentrations at 12 groundwater sampling locations. 

4.3.3 Total Dissolved Solids (TDS) 
Laboratory analysis and results obtained for TDS in 12 groundwater samples are briefly summarised below 
along with the bar graph illustration shown in Fig. 4.12. 

 Maximum TDS in ground water around Kali river found in sample no. G.W-5 is 617 mg/l. 

 Minimum TDS in ground water around Kali river found in sample no. G.W-7 is 201 mg/l. 

 Average TDS concentration in ground water around Kali river is 417 mg/l. 
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Fig-4.12: Measure of TDS concentrations at 12 groundwater sampling locations. 

4.3.4 Alkalinity 
Results from laboratory analysis obtained for Alkalinity in 12 groundwater samples are briefly summarised 
below along with the bar graph illustration shown in Fig. 4.13. 

 Maximum Alkalinity of ground water around Kali river found in sample no. G.W-3 is 530 mg/l. 

 Minimum Alkalinity of ground water around Kali river found in sample no. G.W-8 and 2 is 240 mg/l. 

 Average Alkalinity of ground water samples around Kali river is 369 mg/l. 

 
Fig-4.13: Measure of Alkalinity at 12 groundwater sampling locations. 

4.3.5 Chemical Oxygen Demand (COD) 
Results from laboratory analysis obtained for Chemical Oxygen Demand (COD) in 12 groundwater samples 
are briefly summarised below along with the bar graph illustration shown in Fig. 4.14. 

 Maximum COD of ground water around Kali river found in sample no. G.W-2 is 36.86 mg/l. 

 Minimum COD of ground water around Kali river found in sample no. G.W-6 is 6.14 mg/l. 

 The average COD of ground water around Kali river is 19.9 mg/l. 
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Fig-4.14: Measure of COD at 12 groundwater sampling locations. 

4.3.6 Dissolved Oxygen (DO) 
Laboratory analysis and results obtained for DO in 12 groundwater samples are briefly summarised below 
along with the bar graph illustration shown in Fig. 4.15. 

 Maximum DO of ground water around Kali river found in sample no. G.W-3 is 6.75 mg/l. 

 The minimum DO of ground water around Kali river found in sample no. G.W-2 is 6.66mg/l. 

 The average DO of ground water around Kali river is 6.7 mg/l. 

 
Fig-4.15: Measure of DO at 12 groundwater sampling locations. 

Biological oxygen demand (BOD) and heavy metal concentrations in all 12 ground water samples around 
Kali River were found to be absent (not present) as revealed from the laboratory analysis of the samples. 

Table-4.4:  Statistical Description of Physico-chemical Characteristics of Ground Water Samples. 
Physico-chm char. pH EC TDS Alkalinity COD DO 

Mean 7.02 690.67 417.1 368.33 19.9 6.7 
S.E.M. 0.035 75.75 41.72 26.45 2.42 0.008 

S.D. 0.12 262.41 144.5 91.64 8.4 0.028 
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Variance 0.014 68859.52 20887.72 8396.97 70.11 0.0008 
Co Var. 0.017 0.38 0.346 0.249 0.42 0.004 

Minimum 6.8 258 201 240 6.14 6.66 
Maximum 7.13 1033 617 530 36.86 6.75 

4.4 Water Quality Index (WQI) for Groundwater Samples 
Six water quality parameters have been selected for developing the water quality index (WQI) for 12 
groundwater samples in Microsoft Excel using WQI equations. In the first step, each of the six parameters 
such as pH, EC, TDS, DO Alkalinity and COD (all 4 heavy metals evaluated namely Cr, Fe, Pb and Mn as 
well as BOD did not record any presence in the samples) has been assigned weights (wi) according to their 
relative importance in the overall quality of surface water (i.e. River water) for its use in irrigation practice. 
The highest value of wi of 5 was assigned to parameters which have the major effects on water quality and 
their importance in quality (viz., TDS) and a minimum of 2 was assigned to parameters which are considered 
as not harmful such as pH and EC (Srinivasamoorthy et al., 2008). The computed WQI values are 
categorized into five types as “excellent water” to “water, unsuitable for drinking”. The range for water 
quality index for irrigation purpose is tabulated in Table 4.5. 

Table-4.5: Water Quality Index (WQI) for groundwater samples 

Samples 
 

PH 
TDS 
mg/l 

EC 
μs/cm 

Alk. 
mg/l 

COD 
mg/l 

BOD 
mg/l 

DO 
mg/l 

Cr 
mg/l 

Pb 
mg/l 

Fe 
mg/l 

Mn 
mg/l WQI Rating 

Sli Sli Sli Sli Sli Sli Sli Sli Sli Sli Sli 
G.W-1 6.09 11.33 22.05 18.75 1.366 0 3.09 0 0 0 0 62.67 GOOD 
G.W-2 6.34 16.52 33.88 17.9 3.071 0 3.09 0 0 0 0 80.81 GOOD 
G.W-3 6.05 15.63 31.89 22.08 1.79 0 3.13 0 0 0 0 80.57 GOOD 
G.W-4 6.09 6.266 12.61 10.83 1.536 0 3.1 0 0 0 0 40.44 EXCELLENT 
G.W-5 6.05 17.21 34.28 18.33 1.536 0 3.1 0 0 0 0 80.51 GOOD 
G.W-6 5.81 16.13 30.44 14.1 0.512 0 3.1 0 0 0 0 70.09 GOOD 
G.W-7 5.88 5.75 11.16 17.45 2.34 0 3.12 0 0 0 0 45.66 EXCELLENT 
G.W-8 5.87 10.89 20.44 10 2.05 0 3.1 0 0 0 0 52.35 GOOD 
G.W-9 5.99 10.52 20.83 15.84 1.54 0 3.1 0 0 0 0 57.81 GOOD 
G.W-10 5.89 11.47 22.27 13.4 1.8 0 3.1 0 0 0 0 57.92 GOOD 
T.W-1 6.07 12.1 23.44 15.4 0.53 0 3.12 0 0 0 0 60.66 GOOD 
T.W-2 6.08 4.3 14.72 10 1.87 0 3.1 0 0 0 0 40.07 EXCELLENT 
*Alk.: Alkalinity 

4.5       Analysis of Soil Quality Parameters 
4.5.1 pH 
pH is a measure of the concentration of hydrogen ions (H+) in water or soil mixed water. In general, the 
optimal pH range for most plants is between 5.5 and 7.0. Soil with pH below 7.0 is termed "acidic" and soil 
with pH above 7.0 is termed "basic"; pH 7.0 is "neutral”. The pH factor of soil reflects its acidity level, 
which is important to consider because all plants require different levels for proper growth. The soil's acidity 
level also affects the dispersal of other important nutrients in the soil, and an imbalance can block a plant's 
ability to absorb them. Testing pH levels is important, particularly when planting a garden for the first time 
in new soil whose acidity is unknown. The Soil acidity increases by (a) weathering of soil minerals and 
release of acidifying aluminium ions (b) decomposition of soil organic matter and generation of organic acid 
(c) plant roots releasing H+ ions and organic acid as they grow (d) application of ammonia-base fertilizers, 
which release H+ ions when converted to nitrate by soil bacteria, Nitrification of ammonia fertilizer, organic 
matter decomposition and base ion leaching are generally the leading sources of soil acidity.  These problems 
are minimized if the top soil pH is maintained above 5.5. When Soil pH is less than 6.0, the growth of acid 
sensitive crops, such as alfalfa and sweet clover, is reduced. Barley is considered to be moderately sensitive, 
and growth is affected when pH is less than 5.8. Canola, wheat and corn are slightly more tolerant of soil 
acidity than barley to 5.5, while oats and the forage grasses, such as timothy and creeping red fescue, are 
very tolerant and can be grown successfully at a soil pH of 5.0. Low pH in top soils primarily affects nutrient 
availability and decreases nodulation of legumes and nitrogen fixation in pastures. Alkaline soils are soils 
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with high soil reaction (pH) above 8.0, they are mostly clay soils with poor structure and low infiltration 
capacity. Therefore, for better growth of crop production, soil pH should lie between 5.5 and 7.0. A total of 
48 soil samples from agricultural land around Kali river were analysed in the Environmental laboratory of 
Civil Engineering Department, AMU; pH values obtained are summarised below and illustrated as bar 
graphs in Fig. 4.16; 

 Maximum pH of soils around Kali River found in sample no. S-23 is 7.06. 

 Minimum pH of soils around Kali River found in sample no. S-2 is 5.74. 

 Average pH of soil samples around Kali River is 6.68. 

 
Fig-4.16: Measure of pH for 48 agricultural soil samples collected from within the study area. 

4.5.2 Electrical Conductivity (EC) 
Soil electrical conductivity (EC) is a measure of the amount of salts in soil (salinity of soil) and is an 
important indicator of soil health. It affects crop yields, crop suitability, plant nutrient availability, and 
activity of soil microorganisms which influence key soil processes including the emission of greenhouse 
gases such as nitrogen oxides, methane, and carbon dioxide. All the soil samples from agricultural land 
around Kali River were analysed in the laboratory and EC values obtained are summarised below and 
illustrated as bar graphs in Fig. 4.17. 

 Maximum EC of soil sample around Kali River in sample no. S-19 is 915μS/cm. 

 Minimum EC of soil sample around Kali River in sample no. S-13 is 167.2μS/cm. 

 The average value of EC around Kali River is 408μS/cm are in the range of EC limit of soil for crop 
yield. 
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Fig-4.17: Measure of EC for soil samples collected from within the study area. 

Excess salts hinder plant growth by affecting the soil-water balance. Soils containing excess salts occur 
naturally in arid and semiarid climates. Salt levels can increase as a result of cropping, irrigation, and land 
management. Although EC does not provide a direct measurement of specific ions or salt compounds, it has 
been correlated to concentrations of nitrates, potassium, sodium, chloride, sulphate and ammonia. For certain 
non-saline soils, determining EC can be a convenient and economical way to estimate the amount of nitrogen 
(N) available for plant growth. So we are tested that the amount of salts dissolved in distilled water after 
leaching the soil. The limit of electrical conductivity for irrigation water is (700 to 3000) μS/cm. the range 
above this limit to produce salinity problem in soil and to reduce the crop yield. 

4.5.3 Total Dissolved Solids (TDS) 
Total dissolved solids (TDS) comprise inorganic salts (principally calcium, magnesium, potassium, sodium, 
bicarbonates, chlorides, and sulfates) and some small amounts of organic matter that are dissolved in water 
.T.D.S  of the soil show that the amount of soil can dissolved in water and also show that the amount of 
soluble salt present in the each sampling site. The soil having the maximum dissolved characteristic show the 
large amount of salt present in the soil. Results from laboratory analysis of soil samples are summarised 
below and illustrated as bar graph shown in Fig. 4.18. 
 Maximum TDS in agricultural soils around Kali River for sample no. S-19 is 387 mg/l. 
 Minimum TDS in agricultural soils around Kali River for sample no. S-13 is 68 mg/l. 
 Average TDS in agricultural soils around Kali River is 167 mg/l. 

 
Fig-4.18: Measure of TDS for soil samples collected from within the study area. 
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4.5.4 Alkalinity 
Soil samples collected from agricultural land around Kali River were analysed in the laboratory and results 
obtained are summarised below and illustrated as bar graphs in Fig. 4.19. 

 Maximum Alkalinity of soils around Kali River found in sample no. S-15 is 950 mg/l. 

 Minimum Alkalinity of soils around Kali River found in sample no. S-13 is 350 mg/l. 

 The average Alkalinity of soil around Kali River is 622 mg/l and within the range as prescribed by BIS 
for soils yielding high crop yield. 

 
Fig-4.19: Measure of Alkalinity for soil samples collected from within the study area. 

4.5.5 Chromium Concentration (Cr) 
The concentration of Cr in the soils may vary considerably according to the natural composition of rocks and 
sediments that compose. The levels of chromium in the soil may increase mainly through anthropogenic 
deposition, as for example atmospheric deposition and also dumping of chromium-bearing liquids and solid 
wastes as chromium by products, ferrochromium slag, or chromium plating baths. Generally, Cr in soil 
represents a combination of both Cr (III) and (VI). As in aquatic environment, once in the soil or sediment, 
Cr undergoes a variety of transformations, such as oxidation, reduction, sorption, precipitation, and 
dissolution. Symptoms of Cr toxicity in plants are diverse and include decrease of seed germination, 
reduction of growth, decrease of yield, inhibition of enzymatic activities, impairment of photosynthesis, 
nutrient and oxidative imbalances, and mutagenesis. The permissible limit of Chromium for plants is 
1.30mg/kg recommended by WHO and the permissible limit of chromium in soil around Kali River is 1-
1000 mg/kg. Results of chromium concentration in soil samples obtained from laboratory analysis are briefly 
summarised below and illustrated as bar graph in Fig. 4.20. 

 The maximum concentration of chromium in soil samples around Kali River is 60.5 mg/kg found in 
sample no. S-14. 

 The minimum concentration of chromium in soil samples around Kali River is 6 mg/kg found in sample 
no. S-39 and S-40. 

 Average concentration of chromium has been found to be 27.51 mg/kg. 
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Fig-4.20: Measure of Chromium concentrations for soil samples collected from within the study area. 

4.5.6 Lead Concentration (Pb) 
Lead is naturally present in all soils and generally occurs in the range of 15 to 40 milligrams lead per 
kilogram of soil (mg/kg). Pollution can increase soil lead levels to several thousands of ppm (parts per 
million).  The major cause of soil lead contamination in populated areas is the weathering, chipping, 
scraping, sanding, and sand-blasting of structures bearing lead-based paint. The permissible limit of lead in 
plants recommended by WHO is 2mg/kg and the Permissible limits of lead in soil is about 2-200 mg/kg is set 
by WHO. Results of lead concentration in soil samples obtained from laboratory analysis are briefly 
summarised below and illustrated as bar graph in Fig. 4.21. 
 The maximum concentration of Pb in soil samples around Kali river is 76.5 mg/kg which is found in 

sample no. S-14. 
 The minimum concentration of Pb in soil samples around Kali river is 0.8 mg/kg which is found in 

sample no. S-41. 
 The average concentration of Pb around Kali river is found to be 30.77 mg/kg. 
 The concentrations of lead in soil samples around Kali are found to be within permissible range 

prescribed by WHO and BIS for irrigation purposes. 

 
Fig-4.21: Measure of Pb concentrations for soil samples collected from within the study area. 
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4.5.7 Iron Concentration (Fe) 
Iron deficiency in plants reduces not only grain yield, but also nutritional quality of grains. As in soils and 
plants, iron deficiency is also a common nutritional problem in humans, particularly in developing countries. 
Iron deficiency is a complex disorder and occurs in response to multiple soil, environmental and genetic 
factors. Although the most abundant micronutrient in surface soils, Fe is the most limiting to agricultural 
production throughout the world. Plants require a continuous supply of iron to maintain proper growth since 
it is necessary for several metabolic processes, yet potentially toxic, a plant`s iron uptake and homeostasis 
are tightly controlled. Manganese deficiency exhibits similar symptoms as iron deficiency, such as yellowing 
of leaves, except manganese deficiency affects both young and old foliage, while iron deficiency affects only 
young foliage. Iron and manganese toxicity have similar symptoms in plants as well. The permissible limit of 
lead in plants is 20 mg/kg and the Permissible limits of lead in soil is about 700-550000 mg/kg is set by 
WHO. Soil samples collected from agricultural land around Kali River were analysed in the laboratory and 
results obtained are summarised below and illustrated as bar graph in Fig. 4.22. 

 The maximum concentration of iron in soil samples around Kali river fields is 26950 mg/kg which is 
found in sample no. S-21. 

 The minimum concentration of iron in soil samples around Kali river fields is 2800 mg/kg found in 
sample no. S-29. 

 The average concentration of iron is found to be 15398 mg/kg. 

 
Fig-4.22: Measure of Fe concentrations for soil samples collected from within the study area. 

4.5.8 Manganese Concentration (Mn) 
Manganese (Mn) is an essential plant mineral nutrient that plays a crucial role in several physiological 
processes, particularly photosynthesis. Manganese deficiency is a wide spread problem, most often occurring 
in sandy soils, organic soils with a pH above 6 and heavily weathered, tropical soils. Numerous crop species 
have been reported to show high susceptibility to Mn deficiency in soils or a positive response to Mn 
fertilization, including cereal crops (wheat, barley and oats), legumes (common beans, peas and soybean), 
stone fruits (apples, cherries and peaches), palm crops, citrus, potatoes, sugar beets and canola, among 
others. The impact of Mn deficiencies on these crops includes reduced dry matter yield, weaker structural 
resistance against pathogens and a reduced tolerance to drought and heat stress. The permissible limit of 
manganese concentration in soil is about 20-3000 mg/kg prescribed by WHO. Soil samples collected from 
agricultural land around Kali river were analysed in the laboratory and results obtained are summarised 
below and illustrated as bar graph in Fig. 4.23. 
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Fig-4.23: Measure of Mn concentrations for soil samples collected from within the study area. 

 The maximum concentration of manganese in soil samples around Kali River is 875 mg/kg found in 
sample no. S-1. 

 The minimum concentration of manganese in soil samples around Kali River is 85 mg/kg found in sample 
no. S-27. 

 The average concentration of manganese is found to be 370 mg/kg. 

Statistical description of physic-chemical + heavy metal concentration of soil samples are provided in Table 
4.6 in terms of mean, S.E.M., standard deviation (SD), variance, co-variance, maximum and minimum. 

Table-4.6: Statistical Description of Physico-chemical + heavy metal characteristics of soil samples. 
Physico-

chm+heavy 
char. 

pH EC TDS Alkalinity Mn Fe Cr Pb 

Mean 6.7554 609.1 458.1 188.02 416.7 17648.2 28.493 29.68 
S.E.M. 0.0225 21.36 27.1 12.6 22.7 734.39 1.39 2.47 

S.D. 0.159 151.06 191.4 88.96 160.5 5192.9 9.87 17.47 
Variance 0.026 22821.2 36623.5 7912.45 25752.6 2.7E+07 97.49 305.18 
Co Var. 0.024 0.25 0.42 0.48 0.39 0.294 0.347 0.58 

Minimum 6.45 300 210.1 86.2 100 7500 6 0.8 
Maximum 7.09 950 915 387 805 26950 46.5 76.5 

4.6 Soil Quality Index (SQI) 
For assessing the variation in soil quality, soil physico-chemical characteristics namely; pH, EC, TDS, 
Alkalinity, Cr, Pb, Fe, and Mn were used for the development of soil quality index (SQI).  The SQI was 
computed by assigning scores and weights to the various selected soil properties. The weights were allocated 
using Analytical Hierarchy Process (AHP) and the scores were allocated based on their function towards soil 
quality. It was computed for the surface soil samples collected from 48 sampling points within agricultural 
fields located around Kali River. 

4.6.1 Analytical Hierarchy Process (AHP) 
Analytical Hierarchy Process (AHP) is a powerful Multi-Criteria Decision Making (MCDM) tool based on 
mathematics, which enables to organize and analyze complex decisions and ensures consistency in judgment 
(Saaty, 1977; Mishra et al., 2015). The AHP developed by Saaty (1990) considers a one-level weighting 
system through a pair wise comparison matrix between the parameters as described by Saaty (1990, 1994) 
and Saaty and Vargas (2001). The method employs an underlying nine-point recording scale to rate the 
relative preference on a one-to-one basis of each criteria (Malczewski, 1999). For better map presentation 
purposes, the scale assigns a linguistic expression to each corresponding numerical value (Table 4.7). 
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Table-4.7: The Saaty scale (2003) for generation of pairwise comparison matrix 

 
In the present situation, viz. computations of soil quality index for which criterions were established using 
AHP. The first step develops ratings or assigns weights for each criterion which is achieved through pair 
wise comparison matrix and standardized matrix. The pair wise matrix enables to assign ratings for 
indicators under consideration and the standardized matrix enables normalization of these values. 
Consistency ratio was then calculated to check the appropriateness of ratings allocated. The pair wise 
comparison in AHP enables allocation of comparative rating between each criterion involved in the study. 
This was achieved by following Saaty Scale for Pairwise comparison already shown in Table 4.5 (Saaty, 
2008; Chandio, et al., 2011). The values or ratings were then normalized through standardization matrix. It 
was achieved as each value is normalized to the scale of 1 by dividing it with the sum of total values within 
respective columns. Consistency Index (CI) analysis ensures that the ratings allocated to the indicators are 
consistent to the situation under consideration. 

The consistency index (CI) is calculated as 

        4.5 

Where N=total number of criterion, λMAX = priority vector × column sum. Consistency Ratio (CR) is a 
measure of precision and acceptability of AHP. The value of CR should be less than 0.1 for the weights to be 
accepted. It is the ratio of CI by RI (Random Index). 

                4.6 

Where, RI is calculated for the number of criteria involved and is predefined by Saaty. The RI values defined 
for number of criteria is given in Table 4.8. 

Table-4.8: RI values against number of criteria 

 
4.6.2      Assigning scores for various indicators 
Scoring was done distinctly for different parameters on a scale of 0 to 1 based on their function towards soil 
quality assessment. For parameters which improve/enhance soil quality with increase in their potential 
concentration in soil i.e. “more the better” condition, the values were divided by the highest observed value.  
Similarly for parameters which reduce the soil quality with increase in their concentration i.e. “less the 
better” condition, lowest observed value was divided by the parameter value (denominator). But for indicator 
values which follows normal distribution curve like pH, scoring is done as ‘higher is better’ upto a threshold 
level (value of 7), then scored as ‘lower is better’ above the threshold depending on the range into which the 
indicator value is falling (Andrews et al., 2002; Roy and Kumar, 2014). 

4.6.3     Computation of Soil Quality Index (SQI) from AHP 
Soil Quality Index (SQI) was calculated using the concept proposed by Wu and Wang (2007). It is estimated 
as summation of the product of weight and score assigned to each parameter or indicator under the 
consideration. 

               4.7 
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Where, W is the respective weight and S is the respective score assigned for each soil quality indicator, 
under consideration. The values of scores and weights assigned to the respective indicators were multiplied 
and summed up to yield the SQI value at each sampling locations. The SQI thus generated for all the 48 
sampling points were then utilised for multiple regression analysis to assess the correlation with several 
spectral band combinations. Pair wise comparison matrix and calculated SQI values for soil samples are 
provided in Tables 4.9a, b and 4.10 respectively. 

Table-4.9a: Pair wise comparison matrix for SQI calculations 

 
pH EC Alkalinity TDS Cr Pb Fe Mn 

Ph 1 1 0.333333 0.5 0.125 0.111111 0.125 0.142857 
EC 1 1 0.25 0.333333 0.125 0.111111 0.125 0.25 

Alkalinity 3 4 1 3 0.142857 0.111111 0.333333 0.5 
TDS 2 3 0.333333 1 0.125 0.111111 0.166667 0.2 
Cr 8 8 7 8 1 0.5 2 4 
Pb 9 9 9 9 2 1 5 8 
Fe 8 8 3 6 0.5 0.2 1 2 
Mn 7 4 2 5 0.25 0.125 0.5 1 

Table-4.9b: Final rank, priority and weights assigned to soil parameters 
S No. Category/soil parameters Weight Priority (%) Rank 

1 pH 0.021093 2.1 7 
2 EC 0.021069 2.1 8 
3 Alkalinity 0.054429 5.4 5 
4 TDS 0.031575 3.2 6 
5 Cr 0.238918 23.9 2 
6 Pb 0.402443 40.2 1 
7 Fe 0.140938 14.1 3 
8 Mn 0.089535 9.0 4 

4.6.4     Computation of Soil Quality Index (SQI) from IAA 
Inductive Additive Approach (IAA) based on normalization or standardization based on the maximum 
value of the data set pertaining to the soil parameter or indicator, summation, and average of selected soil 
quality indicator properties into a single integrator is used to calculate soil quality index (SQI). The equation 
used for calculating SQI from IAA method according to Weil and Islam (2000); 

              4.8 

Where, xi is the ith data pertaining to the soil parameter or indicator, xmax is the maximum value of the 
particular the soil indicator and n is the total number of data set values pertaining to any soil parameter or 
indicator. SQI ranges from 0 to 1 and the classification range is provided in Table 4.10 (Rodríguez et al 
2016). 

Table-4.10: SQI classification range 

 
SQI values calculated from the two methods discussed in the previous sections are provided in Table 4.11. 
SQI values obtained from the two methods are further utilised for testifying the correlation with spectral 
reflectance band combinations created and illustrated in Table 4.12. 
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Table-4.11: Data standardization and SQI calculation by two methods; AHP and IAA 
STANDERDIZATION 

AHP IAA 

Threshold
=7 

More- 
Better 

Threshold=  
1250 

Less-
Better 

More-
Better 

More-
Better 

Less-
Better 

Less- 
Better 

< 7:More 
Better               

> 7 :Less-
Better 

Xi/Xmax 

< TH:More 
Better                  

> TH :Less-
Better 

Xmin/Xi Xi/Xmax Xi/Xmax Xmin/Xi Xmin/Xi 

Xmax=7.
09 

Xmin=6.4
5 

Xmax =  
950 

Xmax=915           
(More-Better) 

Xmin = 
86.2 

Xmax = 
805 

Xmax =   
26950 Xmin=6 Xmin=0.

8 SQI SQI 

Calibration Data 

pH 
Alkalinit

y EC TDS Mn Fe Cr Pb 
  0.9450 0.8421 0.5224 0.7256 0.6770 0.8961 0.1905 0.0172 0.34 0.60 

0.9140 0.6842 0.9049 0.2449 0.4658 0.4750 0.2353 0.0198 0.26 0.49 
0.9379 0.4737 0.3847 0.5856 0.6646 0.5974 0.1967 0.0193 0.27 0.48 
0.9136 0.6316 0.4962 0.4585 0.7205 0.8126 0.1538 0.0174 0.30 0.53 
0.9337 0.8421 0.7585 0.2922 0.5155 0.7273 0.1739 0.0186 0.29 0.53 
0.9140 0.7895 0.5191 0.4276 0.6522 0.6512 0.1875 0.0188 0.29 0.52 
0.9478 0.6316 0.4098 0.5490 0.6087 0.6809 0.1739 0.0195 0.28 0.50 
0.9281 0.3158 0.2962 0.7662 0.3975 0.5158 0.2222 0.0208 0.24 0.43 
0.9097 0.7895 0.5814 0.3848 0.5839 0.5584 0.1967 0.0176 0.27 0.50 
0.9267 0.3684 0.6033 0.3716 0.5342 0.5065 0.2222 0.0198 0.24 0.44 
0.9704 0.7895 0.4951 0.4597 0.6398 0.9666 0.1387 0.0182 0.32 0.56 
0.9506 0.4211 0.2896 0.7581 0.6025 0.8256 0.1519 0.0162 0.29 0.50 
0.9774 0.7368 0.6929 0.2333 0.3106 0.9032 0.2857 0.0219 0.31 0.52 
0.9690 0.8947 0.7552 0.2962 0.7391 0.8367 0.1319 0.0105 0.31 0.58 
0.9149 1.0000 0.9344 0.2359 0.9752 0.9592 0.1290 0.0203 0.36 0.65 
0.9097 0.7368 0.5803 0.2239 1.0000 0.9258 0.1364 0.0216 0.34 0.57 
0.9788 0.6842 0.6262 0.3607 0.3789 0.4954 0.2264 0.0203 0.25 0.47 
0.9788 0.5789 0.6951 0.3135 0.5217 0.6364 0.1967 0.0188 0.27 0.49 
0.9408 0.6316 1.0000 0.2227 0.4907 0.6568 0.1905 0.0176 0.27 0.52 
0.9676 0.8421 0.7137 0.3135 0.7143 0.4954 0.1935 0.0198 0.28 0.53 
0.9746 0.8947 0.8907 0.4418 0.7826 1.0000 0.1846 0.0190 0.36 0.65 
0.9281 0.7895 0.2852 0.8011 0.4472 0.6401 0.2920 0.0213 0.30 0.53 
0.9175 0.6842 0.3005 0.7642 0.4596 0.6067 0.1935 0.0193 0.27 0.49 
0.9732 0.5263 0.2296 1.0000 0.5776 0.7310 0.1690 0.0186 0.29 0.53 
0.9577 0.6316 0.3913 0.5686 0.2484 0.7291 0.2251 0.0552 0.28 0.48 
0.9535 0.6316 0.2344 0.9818 0.4348 0.4564 0.2727 0.0222 0.27 0.50 
0.9464 0.7895 0.9016 0.2554 0.8882 0.9184 0.1412 0.0242 0.34 0.61 
0.9563 0.6842 0.7126 0.5415 0.2609 0.5677 0.1690 0.0188 0.24 0.49 
0.9365 0.5263 0.5169 0.4325 0.5155 0.8293 0.2727 0.0235 0.31 0.51 
0.9831 0.7895 0.4918 0.4597 0.4596 0.8738 0.2264 0.0182 0.31 0.54 
0.9676 0.4211 0.4153 0.5473 0.4658 0.3952 0.2069 0.0235 0.23 0.43 
0.9196 0.5263 0.2940 0.7923 0.4161 0.6345 0.2308 0.0762 0.29 0.49 
0.9676 0.7368 0.7377 0.2634 0.3851 0.9113 0.1739 0.0188 0.30 0.52 
0.9619 0.6316 0.4918 0.9160 0.4658 0.7514 0.1622 0.0356 0.29 0.55 
0.9591 0.4211 0.2678 0.8787 0.4658 0.4712 0.2857 0.0615 0.28 0.48 
0.9633 0.6842 0.2437 0.9621 0.1242 0.5362 0.2727 0.0444 0.26 0.48 
0.9690 0.7895 0.3366 0.6946 0.2236 0.5733 0.3429 0.0516 0.30 0.50 
0.9323 0.5789 0.2995 0.6863 0.3416 0.3173 0.5714 0.1067 0.33 0.48 
0.9408 0.6316 0.2863 0.8320 0.2981 0.2857 1.0000 0.1455 0.45 0.55 
0.9520 0.3158 0.2656 0.8951 0.2795 0.2783 1.0000 0.2667 0.48 0.53 

Validation Data 
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0.9408 0.6842 0.3311 0.7130 0.2733 0.5288 0.3750 1.0000 0.68 0.61 
0.9478 0.7368 0.5628 0.4917 0.7888 0.8720 0.1554 0.0690 0.35 0.58 
0.9605 0.6842 0.3191 0.7317 0.8012 0.5083 0.2927 0.1778 0.37 0.56 
0.9422 0.4211 0.3847 0.6083 0.5901 0.4378 0.3636 0.1333 0.33 0.49 
0.9577 0.6316 0.5541 0.4293 0.2795 0.9462 0.1304 0.0650 0.30 0.50 
0.9196 0.4474 0.3443 0.6357 0.2671 0.4583 0.3636 0.2667 0.35 0.46 
0.9337 0.4737 0.3311 0.7136 0.3416 0.5213 0.3636 0.1333 0.32 0.48 
0.9450 0.5789 0.4940 0.4407 0.7205 0.6961 0.1840 0.0650 0.31 0.52 
0.9351 0.5211 0.4022 0.6467 0.5031 0.5807 0.2667 0.1356 0.32 0.50 
0.9436 0.5105 0.4536 0.4462 0.5839 0.5640 0.2553 0.1633 0.33 0.49 

4.7 Multiple Linear Regression Analysis 
Multiple linear regression analysis has been employed in KY Plot statistical software to evaluate the 
correlation between a dependent variable i.e. spectral reflectance values of the IRS-P6 LISS IV imagery 
corresponding to pixel wise sampling locations and several independent variables (i.e. physico-chemical 
characteristics of River water samples and soil samples from agricultural fields around Kali River) by fitting 
a linear equation to the observed data samples analysed in the laboratory. The accuracies of the correlation 
has been estimated through coefficient of determination (R2 values) that describes the degree to which 
physico-chemical characteristics of River water samples and soil samples are correlated with spectral 
reflectance values. R2 values range between 0 to 1, where R2 = 1 revealing the perfect correlation. 

Total of 25 River water samples and 48 soil samples from agricultural fields within a radius of 3 km around 
Kali River were collected on the day of IRS-P6 overpass i.e. on 27th April 2018. River water samples were 
analysed for 11 physico-chemical parameters namely; pH, EC, TDS, Alkalinity, COD, BOD DO and heavy 
metals such as Cr, Pb, Fe and Mn. Similarly, soil samples were analysed for 8 physico-chemical parameters 
namely; pH, EC, Alkalinity, TDS and heavy metals such as Cr, Pb, Fe and Mn. Water Quality Index (WQI) 
for River water samples and Soil Quality Index (SQI) for soil samples were computed by considering the 
physic-chemical parameters including heavy metals of the samples collected. Also, spectral reflectance 
values for the three bands (i.e. GREEN, RED and INFRARED) corresponding to pixel based sampling 
locations were extracted individually from the LISS-IV image. Several band combinations were developed 
so as to assess the correlation with physico-chemical parameters along with heavy metals, WQI and SQI by 
employing multiple linear regression analysis (MLR). Several band combinations (35 in total) created for 
examining the correlation through MLR method are provided in Table 4.12. 

Table-4.12: Band combinations developed for MLR analysis. 
S No. Band combination S No. Band combination 

1 Green (G) 19 G – NIR 
2 Red (R) 20 R – NIR 
3 Near Infra-Red (NIR) 21 (G – R)/(G + R) 
4 G + R 22 (G – NIR)/(G + NIR) 
5 G + NIR 23 (R – NIR)/(R + NIR) 
6 R + NIR 24  
7 (G + R)/2 25  
8 (G + NIR)/2 26  
9 (R + NIR)/2 27  

10 G + R + NIR 28  
11 (G + R + NIR)/3 29  
12  30 G × R 
13  31 G × NIR 
14  32 R × NIR 
15 G/R 33  
16 G/NIR 34  
17 R/NIR 35  
18 G - R   
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Out of the total data set, 80% of the data set was utilized for correlation and the remaining 20% data set was 
utilized for the validation purpose. MLR was performed individually for all band combinations and physico-
chemical parameters along with heavy metals (for water and soil samples), WQI and SQI and the results in 
terms of R2 value, RMSE values and regression coefficients are provided in Table 4.13 for River water 
samples and Table 4.16 for soil samples respectively. As already discussed in previous sections, River water 
samples were analysed in the laboratory and classified into two groups depending upon the parameters 
involved namely; ‘physico-chemical’ and ‘physico-chemical + heavy metals’. Further Water Quality Index 
(WQI) for the water samples was also evaluated to test the sensitivity with 35 band combinations employing 
Multiple Linear Regression (MLR) method. Parameters of the groups classified for testing the sensitivity 
with 35 band combinations using MLR are elaborated as; 

 Physico-chemical parameters: pH, EC, TDS, Alkalinity, COD, BOD and DO 

 Physico-chemical+heavy metals: pH, EC, TDS, Alkalinity, COD, BOD, DO, Cr, Fe, Pb and Mn 

 WQI: evaluated from Physico-chemical + heavy metals 

Results of MLR analysis employed to physico-chemical’, ‘physico-chemical + heavy metals’ and WQI with 
35 band combinations are provided in Table 4.13 indicates that Green band of LISS IV image revealed the 
best correlation amongst all 35 band combinations involving Red band and NIR band in terms of R2 and 
RMSE values with all the three groups under consideration (i.e. physico-chemical’, ‘physico-chemical + 
heavy metals’ and WQI). Coefficient of determination (R2) and RMSE values for the three groups obtained 
as 0.74 and 0.00086, 0.794 and 0.001 and 0.56 and 0.0013 respectively. It is further observed that amongst 
the three groups examined, Physico-chemical parameters revealed highest correlation (R2  0.794) with the 
Green band and WQI revealed lowest correlation (R2  0.56) for calibration data. Above results are 
indicative of the fact that reflectance from contaminated surface water is more in Green band than other two 
band of LISS IV imagery. And that, R2 values reduces with band combinations that include Red or NIR 
bands. 

Table-4.13: Coefficient of determination (R2) and RMSE values obtained from MLR analysis of river 
water samples (calibration data) and spectral reflectance band combinations 

S. 
No 

Band Combinations R2 Values RMSE Values 
Physico-

Chemical+h
eavy metals 

Physico-
Chemical 

parameters 

WQI Physico-
Chemical
+heavy 
metals 

Physico-
Chemical 

parameters 

WQI 

1 Green 0.74 0.794 0.56 0.00086 0.001 0.0013 
2 Red 0.46 0.49 0.12 0.0013 0.0014 0.0017 
3 NIR 0.3 0.34 0.0005 0.0083 0.0086 0.01 
4 Green + Red 0.68 0.68 0.35 0.002 0.002 0.003 
5 Green + NIR 0.31 0.34 0.012 0.009 0.0091 0.011 
6 Red+ NIR 0.292 0.335 0.0012 0.0093 0.0095 0.011 
7 (Green + Red)/2 0.653 0.68 0.35 0.001 0.001 0.0014 
8 (Green + NIR)/2 0.31 0.34 0.012 0.0044 0.0045 0.0054 
9 (Red + NIR)/2 0.292 0.33 0.0012 0.0046 0.005 0.0056 

10 Green + Red+ NIR 0.318 0.35 0.023 0.01 0.01 0.012 
11 (Green + Red+ NIR)/3 0.32 0.35 0.023 0.0033 0.0033 0.004 
12 Sqrt(Green) 0.74 0.79 0.56 0.0011 0.0013 0.002 
13 Sqrt(Red) 0.46 0.49 0.12 0.002 0.002 0.0025 
14 Sqrt(NIR) 0.3 0.34 0.0006 0.105 0.011 0.013 
15 Green/Red 0.3 0.425 0.25 0.009 0.01 0.01 
16 Green/ NIR 0.325 0.384 0.04 0.043 0.045 0.054 
17 Red/NIR 0.335 0.373 0.013 0.04 0.04 0.05 
18 Green-Red 0.315 0.44 0.27 0.0012 0.0012 0.0013 
19 Green- NIR 0.313 0.367 0.029 0.008 0.008 0.01 
20 Red- NIR 0.32 0.352 0.009 0.0075 0.008 0.01 
21 (Green-Red)/(Green + Red) 0.3 0.423 0.25 0.0043 0.005 0.005 
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22 (Green-NIR)/(Green+ NIR) 0.324 0.38 0.04 0.025 0.026 0.03 
23 (Red-NIR)/(Red+ NIR) 0.33 0.367 0.013 0.023 0.024 0.03 
24 Sqrt(Green/Red) 0.3 0.42 0.25 0.0044 0.005 0.005 
25 Sqrt(Green/ NIR) 0.325 0.38 0.039 0.023 0.024 0.029 
26 Sqrt(Red/ NIR) 0.33 0.37 0.013 0.02 0.022 0.027 
27 Sqrt(Green + Red) 0.65 0.68 0.35 0.002 0.002 0.027 
28 Sqrt(Green + NIR) 0.31 0.343 0.012 0.008 0.0084 0.01 
29 Sqrt(Red+ NIR) 0.3 0.34 0.0012 0.0086 0.009 0.01 
30 Green × Red 0.65 0.678 0.35 0.0026 0.0003 0.0004 
31 Green × NIR 0.31 0.34 0.016 0.0012 0.0013 0.0015 
32 Red × NIR 0.3 0.33 0.002 0.0012 0.0014 0.0015 
33 Sqrt(Green × Red) 0.65 0.68 0.35 0.001 0.001 0.0014 
34 Sqrt(Green × NIR) 0.313 0.34 0.005 0.004 0.004 0.005 
35 Sqrt(Red × NIR) 0.3 0.34 0.005 0.0043 0.0044 0.0053 

Regression coefficients obtained for Green band with physico-chemical’ and ‘physico-chemical + heavy 
metals’ are provided in Table 4.14 and utilised for setting up regression equations (i.e. Eq. 4.9 and 4.10 
respectively. Regression equations were utilized in the generation of spatial distribution maps of the study 
area in the spatial modeler tool of Erdas Imagine are illustrated in Fig.’s 4.24 and 4.25 respectively. Scatter 
plots between observed and predicted spectral reflectance in Green band are shown in Fig’s 4.26 to 4.29. 

Table-4.14: Multiple Regression coefficients for best fit models for river water 
Multiple Linear Regression Equation Y = bo + b1*X1 + b2*X2 + b3*X3 + ………. 

Where Y = Spectral reflectance (Green band): 80% Correlation and 20% Validation 

Physico-chemical + Heavy metals Physico-Chemical characteristics 

Regression 
Coefficients 

R2 

Calibration 

R2 

Validation 

Regression 
Coefficients 

R2 

Calibration 

R2 

Validation 

b0=0.110964  

0.794 

 

0.703 b0=0.101886 0.74 0.643 

b1=-0.00156 b1=-0.00124 

b2=3.31E-06 b2=3.32E-06 

b3=1.47E-05 b3=1.95E-05 

b4=1.78E-05 b4=2.10E-05 

b5=-2.47E-05 b5=8.52E-07 

b6=0.000813 b6=0.001034 

b7=9.60E-05 b7=3.14E-05 

b8=0.044213  

b9=-0.02021  

Multiple linear regression equation for physico-chemical + heavy metal with spectral reflectance (Green 
band); 

SR(G) = 0.111 – 1.56×10-3 (pH) + 3.3 ×10-6 (EC) + 1.47 ×10-5 (TDS) + 1.78 ×10-5 (Alk) – 2.47 ×10-5 
(COD) + 8.13 ×10-4 (DO) + 9.6 ×10-5 (BOD) + 4.42 ×10-2 (Pb) – 2.02 ×10-2 (Fe) 

Multiple linear regression equation for physico-chemical parameters with spectral reflectance (Green band); 

SR(G) = 0.102 – 1.24 ×10-3 (pH) + 3.3 ×10-6 (EC) + 1.95 ×10-5 (TDS) + 2.1 ×10-5 (Alk) – 8.82 ×10-7 (COD) 
+ 1.03 ×10-3 (DO) + 3.14 ×10-5 (BOD) 

SR(G): Spectral reflectance in Green band 

4.9 

4.10 
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(a) 

 
(b)              (c) 
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(d) 

Fig-4.24: (a) Spatial distribution map of physico-chemical parameter concentration in Kali river stretch 
within study area (b), (c) and (d) reveals a close up for three River segments marked therein. 

 
(a) 
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 (b)                        (c) 

 
  (d) 

Fig-4.25: (a) Spatial distribution map of physico-chemical parameters + heavy metal concentration in Kali 
river stretch within study area (b), (c) and (d) reveals a close up for three River segments marked therein. 

 

 
Fig-4.26: Scatter plot between observed and predicted spectral reflectance in Green band for river water 

calibration data (Physico-chemical + Heavy metals). 
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Fig-4.27: Scatter plot between observed and predicted spectral reflectance in Green band for river water 

validation data (Physico-chemical + Heavy metals). 

 
Fig-4.28: Scatter plot between observed and predicted spectral reflectance in Green band for river water 

calibration data (Physico-chemical). 

 
Fig-4.29: Scatter plot between observed and predicted spectral reflectance in Green band for river water 

validation data (Physico-chemical). 

Fig’s 4.24 and 4.25, clearly indicates that the concentration for the two created groups ‘physioc-chemical’ 
and ‘physico-chemical + heavy metal’ is relatively higher at the upstream stretch of the River and the 
concentration reduces at the downstream end of the River stretch within the study area.  A simple linear 
regression was performed between WQI and 35 band combinations from which Green band showed better 
correlation than other band combinations having R2  0.56, as has also been revealed in Table 4.13, S. No. 1. 
In order to re-examine for better correlation between WQI and band combinations, Polynomial Regression 
(PR) method was employed over calibration data set for polynomial order in increasing trend starting with 
order 2. Results obtained from PR analysis and the best model coefficients along with R2 value is shown in 
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Table 4.13 revealed significant improvement in R2 ( 0.68) value for WQI and Green spectral band for 
polynomial order 4. A Polynomial regression equation of order 4 is shown as Eq. 4.10 below has been 
utilised for generating spatially distributed WQI River map illustrated in Fig. 4.30. Scatter plot between 
observed and predicted WQI for calibration and validation data are provided in Fig’s 4.31 and 4.32. WQI 
map also clearly show higher (i.e. better) WQI values towards downstream end of the River stretch and 
comparatively low WQI values towards upstream end, attributing to the fact that most industries and sewer 
drains flows in the River at Meerut and Hapur and that, the pollution concentration dilutes as River flows 
downstream with average flow velocity of 0.15 m/s. 

Table-4.15: WQI Polynomial regression coefficients for best fit model 
Polynomial Regression Equation of order 4                                                       

Y = bo + b1*X + b2*X2 + b3*X3 + b4*X4+ ………. 
Where Y = WQI           80% Correlation and 20% Validation 

Regression Coefficients R2 
Calibration 

R2 

Validation 
b0=1.34E+8 0.68 0.61 
b1=-4E+9 

b2=4.46E+10 
b3=-2.21E+11 
b4=4.11E+11 

Multiple polynomial regression equation of order 4 for WQI with spectral reflectance (Green band); 

WQI = 1.3 ×108 – 4 ×109 (SR-G) + 4.46 ×1010 (SR-G)2 – 2.21 ×1011 (SR-G)3  + 4.11 ×1011  (SR-G)4 

SR(G): Spectral reflectance in Green band 

 
(a) 

4.11 
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  (b)       (c) 

 
(d) 

Fig-4.30: (a) Spatially distributed WQI map of Kali River stretch within study area (b), (c) and (d) reveals a 
close up for three river segments marked therein. 

 
Fig-4.31: Scatter plot between observed and predicted spectral reflectance in Green band with WQI for 

calibration data. 
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Fig-4.32: Scatter plot between observed and predicted spectral reflectance in Green band with WQI for 

validation data. 

Soil samples from agricultural land along side of River Kali were also analysed in the laboratory and 
classified into two groups depending upon the parameters involved namely; ‘physico-chemical’ and 
‘physico-chemical + heavy metals’. Further Soil Quality Index (SQI) was evaluated from two methods 
namely; Analytical Hierarchy Process (AHP) method and Inductive Additive Approach (IAA) method 
respectively to test the sensitivity with 35 band combinations employing Multiple Linear Regression (MLR) 
method as well as polynomial regression (PR) method. Components of the groups classified for testing the 
sensitivity with 35 band combinations using MLR and PR are elaborated as; 

 Physico-chemical parameters: pH, EC, TDS and Alkalinity 

 Physico-chemical+heavy metals: pH, EC, TDS, Alkalinity, Cr, Fe, Pb and Mn 

 SQI (AHP) and (IAA) evaluated from Physico-chemical + heavy metals 

Results of MLR as well as polynomial regression analysis employed to ‘physico-chemical’, ‘physico-
chemical + heavy metals’ and SQI with 35 band combinations are provided in Table 4.16. Highest 
correlation for physico-chemical+heavy metal parameters group is observed to have obtained with NIR band 
with (R2  0.824) whereas, for physico-chemical showed best correlation with [(Red+NIR)/2] band with (R2 
 0.694). Results are indicative of the fact that soil is more sensitive to Red and NIR bands and when Green 
band is included to form the band combination the correlation decreases as seen in Table 4.16. Also, SQI 
obtained from AHP approach showed better correlation with NIR band through polynomial regression than 
with simple or multiple linear regression having R2  0.71. SQI obtained from IAA method exhibited a weak 
correlation of R2  0.58 with Red + NIR band combination which is higher than all other band combinations 
under consideration. Regression coefficients for physico-chemical+heavy metal parameters and physico-
chemical parameters obtained through MLR analysis are provided in Table 4.17. Scatter plots illustrating the 
correlations between predicted and observed spectral reflectance for for physico-chemical+heavy metal 
parameters and physico-chemical parameters are provided in Fig’s 4.33 to 4.36 respectively. Regression 
equations 4.12 and 4.13 are further utilised for the generation of concentration maps in terms of physico-
chemical+heavy metal parameters and physico-chemical parameters in Erdas Imagine software shown in 
Fig’s 4.37 and 4.38 respectively. 

Table-4.16: Coefficient of determination (R2) and RMSE values obtained from MLR analysis of soil 
samples and spectral reflectance band combinations 

S. 
No 

Band Combinations 

R2 Values RMSE Values 
Physico-
Chemical
+heavy 
metals 

Physico-
Chemical 

parameters 

*SQI 
from 
AHP 

*SQI 
from 
IAA 

Physico-
Chemical
+heavy 
metals 

Physico-
Chemical 

parameters 

SQI 
from 
AHP 

SQI 
from 
IAA 

1 Green 0.5 0.49 0.23 0.38 0.0031 0.0031 0.03 0.035 
2 Red 0.64 0.61 0.31 0.32 0.0048 0.0051 0.024 0.036 
3 NIR 0.824 0.66 0.71 0.49 0.0026 0.003 0.018 0.03 
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4 Green + Red 0.66 0.63 0.3 0.36 0.0069 0.007 0.026 0.034 
5 Green + NIR 0.75 0.66 0.6 0.51 0.005 0.0052 0.026 0.031 
6 Red+ NIR 0.775 0.67 0.32 0.58 0.0062 0.0068 0.028 0.032 
7 (Green + Red)/2 0.66 0.63 0.3 0.35 0.0034 0.0035 0.026 0.035 
8 (Green + NIR)/2 0.75 0.66 0.6 0.51 0.0025 0.0026 0.021 0.031 
9 (Red + NIR)/2 0.774 0.694 0.31 0.44 0.0031 0.0034 0.028 0.034 
10 Green + Red+ NIR 0.75 0.63 0.43 0.5 0.0084 0.0088 0.026 0.033 
11 (Green + Red+ NIR)/3 0.752 0.54 0.42 0.5 0.0028 0.003 0.026 0.033 
12 Sqrt(Green) 0.502 0.49 0.23 0.38 0.004 0.004 0.03 0.035 
13 Sqrt(Red) 0.64 0.61 0.32 0.32 0.0062 0.0064 0.024 0.036 
14 Sqrt(NIR) 0.824 0.65 0.7 0.5 0.003 0.0035 0.02 0.03 
15 Green/Red 0.37 0.34 0.19 0.27 0.0026 0.028 0.031 0.04 
16 Green/ NIR 0.44 0.27 0.1 0.22 0.0014 0.016 0.03 0.038 
17 Red/NIR 0.43 0.38 0.15 0.23 0.025 0.026 0.028 0.04 
18 Green-Red 0.4 0.36 0.18 0.23 0.0044 0.0047 0.031 0.04 
19 Green- NIR 0.55 0.36 0.2 0.2 0.0027 0.0033 0.028 0.042 
20 Red- NIR 0.43 0.36 0.16 0.22 0.0047 0.005 0.028 0.04 
21 (Green-Red)/(Green + Red) 0.364 0.335 0.17 0.26 0.0014 0.015 0.031 0.04 
22 (Green-NIR)/(Green+ NIR) 0.436 0.274 0.1 0.22 0.0142 0.01 0.03 0.038 
23 (Red-NIR)/(Red+ NIR) 0.436 0.384 0.15 0.23 0.015 0.0154 0.028 0.04 
24 Sqrt(Green/Red) 0.37 0.34 0.18 0.27 0.014 0.0144 0.031 0.04 
25 Sqrt(Green/ NIR) 0.44 0.27 0.1 0.22 0.0078 0.009 0.029 0.038 
26 Sqrt(Red/ NIR) 0.43 0.384 0.15 0.23 0.0136 0.014 0.03 0.04 
27 Sqrt(Green + Red) 0.656 0.63 0.31 0.35 0.0062 0.0064 0.026 0.035 
28 Sqrt(Green + NIR) 0.75 0.66 0.6 0.51 0.0043 0.0044 0.02 0.03 
29 Sqrt(Red+ NIR) 0.77 0.61 0.32 0.45 0.0053 0.006 0.028 0.034 
30 Green × Red 0.66 0.63 0.28 0.56 0.001 0.001 0.016 0.035 
31 Green × NIR 0.73 0.65 0.55 0.48 0.0008 0.0008 0.02 0.031 
32 Red × NIR 0.765 0.52 0.4 0.45 0.0011 0.0012 0.027 0.034 
33 Sqrt(Green × Red) 0.66 0.63 0.3 0.354 0.0034 0.0034 0.026 0.035 
34 Sqrt(Green × NIR) 0.73 0.65 0.56 0.49 0.0025 0.0026 0.021 0.031 
35 Sqrt(Red × NIR) 0.765 0. 0.44 0.45 0.0035 0.0033 0.026 0.034 

*: Correlations obtained from polynomial regression analysis 

Table-4.17: Multiple linear regression coefficients and R2 values for best fit soil sample with NIR band 
Multiple Linear Regression Equation Y = bo + b1*X1 + b2*X2 + b3*X3 + ………. 

Where Y = Spectral reflectance (NIR band): 80% Correlation and 20% Validation 
Physico-chemical + Heavy metals Physico-Chemical characteristics 

Regression 
Coefficients 

R2 
Calibration 

R2 

Validation 
Regression 
Coefficients 

R2 
Calibration 

R2 

Validation 
b0=0.112472 0.824 0.63 b0=0.094842 0.694 0.6 
b1=0.008368 b1=0.011626 
b2=-5.89E-07 b2=-4.51E-06 
b3=7.23E-06 b3=1.29E-05 
b4=1.75E-05 b4=2.02E-05 
b5=2.37E-06  
b6=2.52E-07  
b7=-3.45E-05  
b8=0.00018  

Multiple linear regression equation for best fit soil physico-chemical + heavy metal with spectral reflectance 
(NIR band); 

SR(NIR) = 0.112 + 8.4×10-3 (pH) – 5.89 ×10-7 (Alk) + 7.23 ×10-6 (EC) + 1.75 ×10-5 (TDS) + 2.37 ×10-6 
(Mn) + 2.52 ×10-7 (Fe) – 3.45 ×10-5 (Cr) + 1.8 ×10-2 (Pb) – 2.02 ×10-4 (Pb) 

4.12 
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Multiple linear regression equation for best fit soil physico-chemical parameters with spectral reflectance 
(NIR band); 

SR([(Red+NIR)/2]) = 0.095 + 1.16 ×10-2 (pH) – 4.51 ×10-6 (Alk) + 1.29 ×10-5 (EC) + 2.02 ×10-5 (TDS) 

SR: Spectral reflectance in band combinations under consideration. 

 
Fig-4.33: Scatter plot between observed and predicted spectral reflectance in NIR band with soil physico-

chemical + heavy metals for calibration data. 

 
Fig-4.34: Scatter plot between observed and predicted spectral reflectance in NIR band with soil physico-

chemical + heavy metals for validation data. 

 
Fig-4.35: Scatter plot between observed and predicted spectral reflectance in [(Red+ NIR)/2] band with soil 

physico-chemical parameters for calibration data. 

4.13 
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Fig-4.36: Scatter plot between observed and predicted spectral reflectance in [(Red+ NIR)/2] band with soil 

physico-chemical parameters for validation data. 

 
Fig-4.37: Spatial distribution of physico-chemical concentration map of the study area. 
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Fig-4.38: Spatial distribution of physico-chemical + heavy metal concentration map of the study area. 

Regression coefficients obtained from polynomial regression of 6th order for the best spectral reflectance 
band combination for SQI obtained from two methods namely; AHP and IAA are provided in Table 4.18, 
and regression equations are framed up as Eq. 4.14 and 4.15. Scatter plots between observed and predicted 
SQI are illustrated in Fig’s 4.39 to 4.42 respectively. Spatial distribution of SQI within study area is prepared 
for AHP derived SQI (Fig. 4.43) since correlation is observed to be weak for SQI obtained from IAA method 
hence spatial distribution map generation is ignored. 

Table-4.18: Polynomial regression analysis for SQI evaluated from AHP and IAA methods with 
spectral reflectance of NIR band 

Polynomial Regression Equation of order 6 
Y = bo + b1*X + b2*X2 + b3*X3 + b4*X4+ ………. 

Where Y = SQI           80% Correlation and 20% Validation 
SQI from AHP SQI from IAA 

Regression 
Coefficients 

R2 
Calibration 

R2 

Validation 
Regression Coefficients R2 

Calibration 
R2 

Validation 
b0=-3.79E+6 0.71 0.63 b0=-4.9E+06 0.58 0.47 
b1=1.2E+08 b1=1.6E+08 
b2=-1.7E+09 b2=-2.2E+09 
b3=1.2E+10 b3=1.6E+10 
b4=-4.9E+10 b4=-6.4E+10 
B5=1.1E+11 B5=1.4E+11 
B6=-9.7E+10 B6=-1.3E+11 

Multiple polynomial regression equation of order 6 for best fit SQI (AHP) with spectral reflectance (NIR 
band); 

SQI = -3.79 ×106 + 1.2 ×108 (SR-NIR) – 1.7 ×109 (SR-NIR)2 + 1.2 ×1010 (SR-NIR)3  - 4.9 ×1010  (SR-NIR)4 + 
1.1 ×1011 (SR-NIR)5 – 9.7 ×1010 (SR-NIR)6 

4.14 
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Multiple polynomial regression equation of order 6 for best fit SQI (IAA) with spectral reflectance 
(Red+NIR band); 

SQI = -4.9 ×106 + 1.6 ×108 (SR-NIR) – 2.2 ×109 (SR-NIR)2 + 1.6 ×1010 (SR-NIR)3  - 6.4 ×1010 (SR-NIR)4 + 
1.4 ×1011 (SR-NIR)5 – 1.3 ×1011 (SR-NIR)6 

 
Fig-4.39: Scatter plot between observed and predicted SQI obtained from AHP method for calibration data. 

 
Fig-4.40: Scatter plot between observed and predicted SQI obtained from AHP method for validation data. 

 
Fig-4.41: Scatter plot between observed and predicted SQI obtained from IAA method for calibration data. 

4.15 
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Fig-4.42: Scatter plot between observed and predicted SQI obtained from IAA method for validation data. 

 
Fig-4.43: Spatial distribution of SQI obtained from AHP method for the study area. 
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5.0 General 
The present study utilises high resolution LISS IV image having spatial resolution of 5.8 m for monitoring 
and mapping the pollution levels of Kali River stretch of 6 km passing through the Aligarh district. River 
water samples from the mid-stream of the River at depth of 0.5 meters, groundwater samples (from hand 
pumps and tube-wells) and soil samples from agricultural land covering approximately 3 km on both sides of 
the River stretch were collected on 27th April, 2018 concurrent to the satellite (IRS-P6). A Total of 25 River 
water samples, 10 groundwater samples and 48 soil samples were collected from random locations covering 
the study area were analysed in the laboratory and were grouped into two classes namely; ‘physico-chemical’ 
and ‘physico-chemical + heavy metals’. WQI for the River stretch and SQI for the agricultural land was 
calculated from physico-chemical + heavy metal parameters’. Also, 35 spectral band combinations were 
formed to examine the sensitivity of water and soil parameters. Multiple linear regression (MLR) and 
Polynomial regression analysis were employed to analyse the best correlation between spectral reflectance 
band combinations and and water and soil quality parameters. Regression equations were derived and spatial 
distribution maps were generated in Erdas image processing software. 

The result analysis from present study on Kali River contamination indicates the presence of physic-
chemical parameters as well as heavy metals in River water samples and agricultural soils adjacent to the 
River to be on relatively higher side but within permissible limits as per BIS specifications for irrigation and 
agricultural practices. Following are the major conclusions drawn on the basis of the results obtained from 
the present study. 

1. Minimum value of pH is found in (N-1) is 6.93 and Maximum value of pH is found in (N-10) is 7.56, 
the range of all samples of study area is within the permissible limits prescribed by Indian standard IS: 
2296. The minimum value of EC found in (N-1) sample is 1083 μs/cm and maximum value of EC found 
in (N-19) sample is 1892 μs/cm whereas EC for all river water samples are found to be less than the 
maximum permissible range as per IS-2296. 

2. The permissible limit of TDS for irrigation water as specified by IS, ranges from 450 to 2000 mg/l, 
whereas TDS concentrations higher than 2,000 mg/L can damage the crops and reduce crop yield. The 
minimum TDS in river water sample as found in sample N-20 is 754 mg/l and the maximum value 
found in sample N-14 is 851mg/l. TDS values for river water samples lies within permissible range as 
prescribed by IS-2296. 

3. The desirable range of Alkalinity for irrigation water is 0 to 100 ppm of calcium carbonate as per IS 
recommendations and the levels between 30 ppm and 60 ppm are considered to be optimum for most of 
the agricultural crops, since high Alkalinity causes significant effects on soil fertility and plant nutrition. 
The minimum value of Alkalinity for river water is found in sample N-7 is 540 mg/l and maximum 
value is found in N-3 and N-4 as 680 mg/l. The values are found to be exceeding the permissible limits 
as prescribed by IS specifications. 

4. The maximum COD of river water found in sample N-1 is 99.2 mg/l, and the minimum COD found in 
sample N-7 is 70.4 mg/l. Also, there has been no consideration of COD range for irrigation purposes in 
IS-2296 specifications. 

5. BOD is an important parameter for evaluating the suitability of wastewaters for irrigation purposes and 
the range specified by WHO is 30-100 mg/l. The minimum value BOD of river water found in sample 
N-9 is 23.2 mg/l. and maximum value found in sample N-4 is 38.5 mg/l. Also, all river water samples 
lies within permissible range of BOD specified by BIS-2296. 

6. DO is essential for good plants growth and levels around 5 mg/l in irrigation water is considered 
acceptable for healthy plant growth. DO levels below 4 mg/l, causes water to be hypoxic rendering it 
fatal to agricultural crops.  Maximum value DO for river water found in sample N-2 is 6.74 mg/l and 
minimum value found in N-14 is 2.08 mg/l. Amongst all samples, only N-14 has been found to be less 
than the permissible DO range set by BIS-2296, i.e. 4ppm. 

7. All four heavy metals in river water samples under consideration in present study are found within 
permissible range prescribed for irrigation as per BIS-2296. 
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8. pH of soil for better growth of crop production should lie between 5.5 and 7.0.minimum value pH of 
soil found in (S-2 is 5.74) and maximum value of soil found in (S-23 is 7.06) only this maximum value 
is slightly more than 7 as per WHO specifications. 

9. The permissible range of EC for irrigation agricultural soils is (700 to 3000) μS/cm since, values beyond 
this range produces salinity problem in soils and reduces the crop yield. The minimum EC of soil 
sample around Kali river in sample no. S-13 is 167.2μS/cm, and the maximum EC found in sample no. 
S-19 is 915μS/cm. Also, all soil samples shows EC values within permissible range prescribed by WHO 
standards. 

10. Cr is toxic for agronomic plants at values between 0.5 to 5.0 mg /kg in nutrient solution and 1 to 1000 
mg/kg in soil, the minimum concentration of Cr in soil samples around Kali river is 6 mg/kg found in 
sample no. S-39 and S-40 and the maximum concentration of Cr in soil sample no. S-14around Kali 
river is 60.5 mg/kg. All values of lead content in soil sample around Kali river lies within the 
permissible range. 

11. The permissible range of Pb for agricultural soils recommended by WHO is 2mg/kg to 200 mg/kg. The 
minimum concentration of Pb in soil samples around Kali river is 0.8 mg/kg which is found in sample 
no. S-41 and maximum concentration is 76.5 mg/kg found in sample no. S-14. Also, all soil samples 
values of chromium content in soil around Kali River are in the permissible range. 

12. The permissible range of Fe for healthy crop growth is 700-550000 mg/kg prescribed by WHO 
standards. The minimum concentration of Fe in soil samples around Kali river is 2800 mg/kg found in 
sample no. S-29 and the maximum concentration is 26950 mg/kg found in sample no. S-21. Also, all 
soil samples exhibit Fe concentrations within the permissible range prescribed by WHO. 

13. The permissible range of Mn concentration in agricultural soils is 20 to 3000 mg/kg as prescribed by 
WHO standards. The minimum concentration of Mn in soil samples around Kali river fields is 85 mg/kg 
found in sample no. S-27and the maximum concentration is 875 mg/kg found in sample no. S-1. All 
values of Mn concentration in soil sample have been found within the permissible range. 

14. The maximum pH in ground water around Kali river is found in sample no. G.W-4; is 7.56 and the 
minimum pH found in sample no. G.W-6 is 6.93. pH of all ground water samples collected around Kali 
River are in permissible limit set BIS-2296. 

15. Maximum EC in ground water found in sample no. G.W-5 is 1033 μs/cm and minimum EC is found in 
sample no. T.W-2 is 258 μs/cm. Also, EC of all ground water samples collected around Kali River 
exceeds the permissible range prescribed by BIS-2296. 

16. Maximum TDS found in sample no. G.W-5 is 617 mg/l and minimum TDS is found in sample no. G.W-
7 is 201 mg/l.  TDS as well as alkalinity of all ground water samples collected around Kali river are in 
permissible range prescribed by BIS-2296. 

17. Maximum DO value found in sample no. G.W-3 is 6.75 mg/l and the minimum DO found in sample no. 
G.W-2 is 6.66mg/l. Also, DO values of all groundwater samples around Kali river are found to be 
within permissible range of 6 mg/l as per BIS specifications. 

18. There are no heavy metal traces found in ground water and tube well water samples in villages around 
Kali river. 

19. Multiple Regression analysis (MLR) between 35 spectral band combinations and River water quality 
parameters grouped into two classes namely; ‘physico-chemical’ and ‘physico-chemical + heavy metals’ 
both the groups revealed highest correlation with Green band for calibration data having R2 values as 
0.794 and 0.74 respectively and RMSE as 0.001 and 0.00086 respectively. 

20. Correlation in terms of R2 values decreased for almost all band combinations that included Red and NIR 
band suggestive of the fact that Green band records maximum reflectance form surface water bodies and 
therefore depicts high sensitivity towards contaminants in the River water. 



 

Remote Sensing of River Pollution and Agricultural Soils 

85 

21. Water Quality Index (WQI) was evaluated for the sampling locations utilising ‘physico-chemical and 
heavy metals’ revealed high correlation (R2  0.68 and 0.61 for correlation and validation data 
respectively) with Green band through polynomial regression analysis of order 4. 

22. Regression equations were framed that were further used for the generation of spatial distribution maps 
of the study area. Visual interpretation of the physico-chemical as well as physic-chemical+heavy metal 
concentration maps clearly reveals higher amount of concentrations in terms of darker pixel colour tones 
at the upstream stretch of the River and gradually reduces towards the downstream stretch within the 
study boundary in terms of lighter colour tones of the pixels. 

23. Above interpretation can be ascertained through the fact that suspended pollutants are dropped on the 
River bed as the flow advances and the concentration of the dissolved pollutants decreases on account of 
dilution caused from merging drains. 

24. WQI maps also reveals moderate to good index values towards downstream River stretch relative to the 
upstream stretch. WQI of the entire River water segment depicts concentration levels that are 
permissible for irrigation purposes. 

25. Soil quality parameters were also grouped into two classes as exercised for the River water samples for 
performing MLR analysis between 35 band combinations and soil quality parameters in terms of 
‘physico-chemical’ and ‘physico-chemical + heavy metals’. Results of MLR analysis revealed highest 
correlation for ‘physico-chemical’ parameters with band combination at S No. 9 i.e. [(Red+NIR)/2] with 
R2  0.694 for calibration data set. 

26. Highest correlation for’ physico-chemical + heavy metals’ group was obtained with NIR band having R2 
 0.824 for calibration data set thus substantiating to the fact that maximum reflectance from bare soil 
surface is recorded within NIR band and relatively less reflectance is recorded at Red band, i.e. bare soil 
is more sensitive towards NIR band than Red or Green band. 

27. Soil quality Index (SQI) for sampling locations was evaluated through two methods namely; Analytical 
Hierarchy Process (AHP) and Inductive Additive Approach (IAA) for which polynomial regression of 
order 6 was employed to 35 band combinations. Results revealed highest correlation between SQI 
(evaluated from AHP method) and NIR band with R2  0.71 for calibration data set. SQI evaluated from 
IAA method revealed best correlation with [Red+NIR] band combination with R2  0.58 for calibration 
data set. 

28. Regression equations were employed for generating spatial distribution maps revealing physico-
chemical and heavy metal concentration in the adjoining agricultural lands within the study area. 

29. ‘Physico-chemical’ and ‘physico-chemical + heavy metals’ concentration maps clearly depicts higher 
concentration of soil quality parameters in the fields adjoining the River segment on both sides and 
gradually reduces as distance from the River bank increases. Similar trend is also noticed in SQI maps 
i.e. soil quality lies in the category of ‘fairly moderate’ for the areas close to the River banks and 
gradually improves to ‘good’ for farther fields on both sides of the River. 

30. Results are also indicative of the fact that soil quality of the agricultural fields lies within moderate 
category and therefore considered suitable for agricultural practices, since soil quality parameters lies 
within the permissible range as per BIS specifications. 

31. From soil quality maps, it is revealed that soil quality ranged from low medium to medium and lied 
within moderate range and extends a lateral distance of 2.5 km on both sides of river banks. 

32. Groundwater samples analysed revealed safe for irrigation purposes since physic-chemical parameters 
ranged within permissible limits as per BIS standards. Also, negligible to nil concentration of heavy 
metals was evidenced through laboratory analysis. 
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ANNEXURE-I 
Earth-Sun distance (d) in astronomical units for Day of the Year (DOY) 

DOY d DOY d DOY D DOY d DOY d DOY d 
1 0.98331 61 0.99108 121 1.00756 181 1.01665 241 1.00992 301 0.99359 
2 0.98330 62 0.99133 122 1.00781 182 1.01667 242 1.00969 302 0.99332 
3 0.98330 63 0.99158 123 1.00806 183 1.01668 243 1.00946 303 0.99306 
4 0.98330 64 0.99183 124 1.00831 184 1.01670 244 1.00922 304 0.99279 
5 0.98330 65 0.99208 125 1.00856 185 1.01670 245 1.00898 305 0.99253 
6 0.98332 66 0.99234 126 1.00880 186 1.01670 246 1.00874 306 0.99228 
7 0.98333 67 0.99260 127 1.00904 187 1.01670 247 1.00850 307 0.99202 
8 0.98335 68 0.99286 128 1.00928 188 1.01669 248 1.00825 308 0.99177 
9 0.98338 69 0.99312 129 1.00952 189 1.01668 249 1.00800 309 0.99152 
10 0.98341 70 0.99339 130 1.00975 190 1.01666 250 1.00775 310 0.99127 
11 0.98345 71 0.99365 131 1.00998 191 1.01664 251 1.00750 311 0.99102 
12 0.98349 72 0.99392 132 1.01020 192 1.01661 252 1.00724 312 0.99078 
13 0.98354 73 0.99419 133 1.01043 193 1.01658 253 1.00698 313 0.99054 
14 0.98359 74 0.99446 134 1.01065 194 1.01655 254 1.00672 314 0.99030 
15 0.98365 75 0.99474 135 1.01087 195 1.01650 255 1.00646 315 0.99007 
16 0.98371 76 0.99501 136 1.01108 196 1.01646 256 1.00620 316 0.98983 
17 0.98378 77 0.99529 137 1.01129 197 1.01641 257 1.00593 317 0.98961 
18 0.98385 78 0.99556 138 1.01150 198 1.01635 258 1.00566 318 0.98938 
19 0.98393 79 0.99584 139 1.01170 199 1.01629 259 1.00539 319 0.98916 
20 0.98401 80 0.99612 140 1.01191 200 1.01623 260 1.00512 320 0.98894 
21 0.98410 81 0.99640 141 1.01210 201 1.01616 261 1.00485 321 0.98872 
22 0.98419 82 0.99669 142 1.01230 202 1.01609 262 1.00457 322 0.98851 
23 0.98428 83 0.99697 143 1.01249 203 1.01601 263 1.00430 323 0.98830 
24 0.98439 84 0.99725 144 1.01267 204 1.01592 264 1.00402 324 0.98809 
25 0.98449 85 0.99754 145 1.01286 205 1.01584 265 1.00374 325 0.98789 
26 0.98460 86 0.99782 146 1.01304 206 1.01575 266 1.00346 326 0.98769 
27 0.98472 87 0.99811 147 1.01321 207 1.01565 267 1.00318 327 0.98750 
28 0.98484 88 0.99840 148 1.01338 208 1.01555 268 1.00290 328 0.98731 
29 0.98496 89 0.99868 149 1.01355 209 1.01544 269 1.00262 329 0.98712 
30 0.98509 90 0.99897 150 1.01371 210 1.01533 270 1.00234 330 0.98694 
31 0.98523 91 0.99926 151 1.01387 211 1.01522 271 1.00205 331 0.98676 
32 0.98536 92 0.99954 152 1.01403 212 1.01510 272 1.00177 332 0.98658 
33 0.98551 93 0.99983 153 1.01418 213 1.01497 273 1.00148 333 0.98641 
34 0.98565 94 1.00012 154 1.01433 214 1.01485 274 1.00119 334 0.98624 
35 0.98580 95 1.00041 155 1.01447 215 1.01471 275 1.00091 335 0.98608 
36 0.98596 96 1.00069 156 1.01461 216 1.01458 276 1.00062 336 0.98592 
37 0.98612 97 1.00098 157 1.01475 217 1.01444 277 1.00033 337 0.98577 
38 0.98628 98 1.00127 158 1.01488 218 1.01429 278 1.00005 338 0.98562 
39 0.98645 99 1.00155 159 1.01500 219 1.01414 279 0.99976 339 0.98547 
40 0.98662 100 1.00184 160 1.01513 220 1.01399 280 0.99947 340 0.98533 
41 0.98680 101 1.00212 161 1.01524 221 1.01383 281 0.99918 341 0.98519 
42 0.98698 102 1.00240 162 1.01536 222 1.01367 282 0.99890 342 0.98506 
43 0.98717 103 1.00269 163 1.01547 223 1.01351 283 0.99861 343 0.98493 
44 0.98735 104 1.00297 164 1.01557 224 1.01334 284 0.99832 344 0.98481 
45 0.98755 105 1.00325 165 1.01567 225 1.01317 285 0.99804 345 0.98469 
46 0.98774 106 1.00353 166 1.01577 226 1.01299 286 0.99775 346 0.98457 
47 0.98794 107 1.00381 167 1.01586 227 1.01281 287 0.99747 347 0.98446 
48 0.98814 108 1.00409 168 1.01595 228 1.01263 288 0.99718 348 0.98436 
49 0.98835 109 1.00437 169 1.01603 229 1.01244 289 0.99690 349 0.98426 
50 0.98856 110 1.00464 170 1.01610 230 1.01225 290 0.99662 350 0.98416 
51 0.98877 111 1.00492 171 1.01618 231 1.01205 291 0.99634 351 0.98407 
52 0.98899 112 1.00519 172 1.01625 232 1.01186 292 0.99605 352 0.98399 
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53 0.98921 113 1.00546 173 1.01631 233 1.01165 293 0.99577 353 0.98391 
54 0.98944 114 1.00573 174 1.01637 234 1.01145 294 0.99550 354 0.98383 
55 0.98966 115 1.00600 175 1.01642 235 1.01124 295 0.99522 355 0.98376 
56 0.98989 116 1.00626 176 1.01647 236 1.01103 296 0.99494 356 0.98370 
57 0.99012 117 1.00653 177 1.01652 237 1.01081 297 0.99467 357 0.98363 
58 0.99036 118 1.00679 178 1.01656 238 1.01060 298 0.99440 358 0.98358 
59 0.99060 119 1.00705 179 1.01659 239 1.01037 299 0.99412 359 0.98353 
60 0.99084 120 1.00731 180 1.01662 240 1.01015 300 0.99385 360 0.98348 

          361 0.98344 
          362 0.98340 
          363 0.98337 
          364 0.98335 
          365 0.98333 
          366 0.98331 
                         DATE 

TO 
DOY 

 http://quake.geo.berkeley.edu/convert/dd.html    
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Table-A-I-2:  Mean Solar exo-atmospheric irradiance for LISS IV Sensor 

 
ANNEXURE-II 

Table-A-II-1: Water quality requirement for different use as CPCB 
Designated Best Use Class Criteria as per CPCB 
Drinking water source 
without conventional 

treatment but after 
disinfection 

A 1. Total coliform organism MPN/100ml shall be 50 or less. 
2. pH between 6.5 to 8.5. 
3. Dissolved oxygen 6 mg/l or more. 
4. B.O.D 5 days 20 degree Celsius, 2 mg/l or less. 

Outdoor bathing 
(organized) 

B 1. Total coliform organism MPN/100ml shall be 500 or less. 
2. pH between 6.5 to 8.5. 
3. Dissolved oxygen 5 mg/l or more. 
4. B.O.D 5 days 20 degree Celsius, 3 mg/l or less. 

Drinking water source 
after conventional 

treatment and 
disinfection 

C 1. Total coliform organism MPN/100ml shall be 5000 or less. 
2. pH between 6.0 to 9.0. 
3. Dissolved oxygen 4 mg/l or more. 
4. B.O.D 5 days 20 degree Celsius, 3 mg/l or less. 

Propagation of wild life 
and fisheries 

D 1. free ammonia (as N) 
2. pH between 6.5 to 8.5. 
3. Dissolved oxygen 4 mg/l or more. 
4. B.O.D 5 days 20 degree Celsius, 2 mg/l or less. 

Irrigation, industrial 
cooling, controlled 

waste disposal 

E 1. sodium absorption ratio max.26 
2. pH between 6.5 to 8.5. 
3. boron max. 2 mg/l 
4. E.C at 25 degree Celsius micro mhos/cm, max. 2250 

 BELOW-E Not meeting any of the A,B,C,D AND E criteria 
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Table-A-II-2: Water Quality Standard in Indian (Source IS 2296:1992) 

Characteristics Designated best use 
A B C D E 

Dissolved oxygen (DO) mg/l, min. 6 5 4 4 - 
B.O.D mg/l, max 2 3 3 - - 
Total coliform organisms MNP/100 ml, max 50 500 5000 - - 
pH value 6.5-8.5 6.5-8.5 6.0-9.0 6.5-8.5 6.0-8.5 
Colour, Hazen units, max. 10 300 300 - - 
Odour Un-objectionable   
Taste tasteless - - - 
Total dissolved solids, mg/l, max 500 - 1500 - 2100 
Total hardness (as CaCO3), mg/l, max 200 - - - - 
calcium hardness (as CaCO3), mg/l, max 200 - - - - 
magnesium hardness (as CaCO3), mg/l, max 200 - - - - 
Copper (as Cu), mg/l, max 1.5 - 1.5 - - 
Iron (as Fe), mg/l, max 0.3 - 0.5 - - 
Manganese (as Mn), mg/l, max 0.5 - - - - 
chlorides (as Cl), mg/l, max 250 - 600 - 600 
Sulphates (as SO4), mg/l, max 400 - 400 - 1000 
Nitrates (as NO3), mg/l, max 20 - 50 - - 
fluorides (as F), mg/l, max 1.5 1.5 1.5 - - 
Phenolic compounds (as C2H5OH), mg/l,max 0.002 0.005 0.005 - - 
Mercury (as Hg), mg/l, max 0.001 - - - - 
Cadmium (as Cd), mg/l, max 0.01 - 0.01 - - 
Selenium (as Se), mg/l, max 0.01 - 0.05 - - 
Arsenic (as As), mg/l, max 0.05 0.2 0.2 - - 
Cyanide (as Pb), mg/l, max 0.05 0.05 0.05 - - 
Lead  (as Pb), mg/l, max 0.1 - 0.1 - - 
Zinc (as Zn), mg/l, max 15 - 15 - - 
Chromium (as Cr6+), mg/l, max 0.05 - 0.05 - - 
Anionic detergents (as MBAS), mg/l, max 0.2 1 1 - - 
Barium (as Ba), mg/l, max 1 - - - - 
Free ammonia (as N), mg/l,max - - - 1.2 - 
E.C, micromhos/cm, max - - - - 2250 
Alkalinity( mg/l) 200 600   100 
SAR, max - - - - 26 
Boron, mg/l,max - - - - 2 

Table-A-II-3: Guidelines for Evaluation of Irrigation Water Quality 
Water class Sodium (Na)% E.C (μs/cm) SAR RSC meq/l 

Excellent Less then 20 Less then 250 Less then 10 Less then 1.25 
Good 20-40 250-750 10-18 1.25-2.0 

Medium 40-60 750-2250 18-26 2.0-2.5 
Bad 60-80 2250-4000 More then 26 2.5-3.0 

Very bad More then 80 More then 4000 More then 26 More then 3.0 

Table-A-II-4: Drinking Water Specifications (IS 10500:1991) 
Characteristics Desirable limit Permissible limit 

Essential characteristics 
pH value 6.5-8.5  
Colour, Hazen units, max. 5 25 
Odour Un-objectionable  
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Taste Agreeable  
Turbidity , NTU, mg/l 5 10 
Total dissolved solids, mg/l, max 500 2000 
Total hardness (as CaCO3), mg/l, max 300 600 
calcium  (as Ca), mg/l, max 75 200 
magnesium  (as Mg), mg/l, max 30 75 
Copper (as Cu), mg/l, max 0.05 1.5 
Iron (as Fe), mg/l, max 0.3 1.0 
Manganese (as Mn), mg/l, max 0.1 0.3 
chlorides (as Cl), mg/l, max 250 1000 
Residual free chlorine, mg/l, max 0.2 - 
Sulphates (as SO4), mg/l, max 200 400 
Nitrates (as NO3), mg/l, max 45 100 
fluorides (as F), mg/l, max 1.0 1.5 
Phenolic compounds (as C2H5OH), mg/l,max 0.001 0.002 
Mercury (as Hg), mg/l, max 0.001 - 
Cadmium (as Cd), mg/l, max 0.01 - 
Selenium (as Se), mg/l, max 0.01 - 
Arsenic (as As), mg/l, max 0.05 - 
Cyanide (as Pb), mg/l, max 0.05 - 
Lead  (as Pb), mg/l, max 0.05 - 
PAH mg/l, max - - 
Chromium (as Cr6+), mg/l, max 0.05 - 
Anionic detergents (as MBAS), mg/l, max 0.02 - 
Mineral oil, mg/l, max 0.01 0.03 
Pesticides, mg/l, max Absent 0.001 
Alkalinity, mg/l, max 200 600 
Aluminum (as AL), mg/l, max 0.03 0.2 
Boron, mg/l,max 1 5 

Table-A-II-5: Permissible limit for heavy metals 

Heavy metals 

Primary 
drinking 

water 
standard 

(mg/l) 

Secondary 
drinking 

water 
standard 

(mg/l) 

Hazardous 
waste 

screening 
criteria 
(TCLP) 
(mg/kg) 

TCLP 
Hazardous 
waste limit 

(mg/l) 

Common 
range in soil 

(mg/kg) 

Livestock 
water 

quality 
(mg/l) 

Surface 
water 

quality 
(mg/l) 

Land 
application 
of sewage 

sludge 
ppm 

Aluminum (AL)  0.05-0.2   10000-
300000 5.0   

Arsenic (Ar) 0.05  100 5.0 1-50 0.5 0.04 75 
Antimony (Sb) 0.006        
Barium (Ba) 2.0  2000 100 100-3000  1.0  
Beryllium (Be) 0.004        
Cadmium (Cd) 0.005  20 1.0 0.01-0.7 0.5 0.02 85 
Chromium (Cr) 0.1  100 5.0 1-1000 1.0 0.05 3000 
Copper (Cu) 1.3 1.0   2-100 0.5 1.0 4300 
Iron (Fe)  0.3   7000-550000    
Lead (Pb) 0.015  100 5.0 2-200 0.05 0.1 840 
Manganese (Mn)  0.05   20-3000    
Mercury (Hg) 0.002  4 0.2 0.01-0.3 0.01 0.002 57 
Nickel (Ni)     5-500 1.0  420 
Selenium (Se) 0.05  20 1.0 0.1-2.0 0.1 0.01 100 
Silver (Ag)  0.1 100 5.0 0.01-5.0  0.05  
Thallium (Ti) 0.002        
Zinc (Zn)  5.0   10-300 25 5.0  
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Table-A-II-6: Classification of ground water quality for portable use based on WQI. 
WQI Value CLASS Water quality 
Less than 50 I Excellent 

50-100 II Good 
101-200 III Poor 
201-300 IV Very poor 

More then 300 V Unsuitable 

Table-A-II-7: Classification of ground water quality for irrigation use based on WQI. 
WQI CLASS Restriction 

Less than 150 I Good 
150-300 II Slight 
300-450 III Moderate 

More then 350 IV Sever 

Table-A-II-8: Global mean permissible heavy metals 
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Table-A-II-9: Physico-chemical permissible range for irrigation water 

 
Table-A-II-10: Physico-chemical permissible range for irrigation water 
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