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Abstract A water quality investigation was carried out in

the Deoria district, Ganga plain, to assess the suitability of

surface and groundwaters for domestic, agricultural, and

industrial purposes. As much as 50 representative samples

from river and groundwater were collected from various

stations to monitor the water chemistry of various ions,

comprising Ca2?, Mg2?, Na?, K?, HCO3
-, SO4

2-, NO3
-,

Cl-, F-, and trace metals, such as Fe, Cu, Mn, Zn, Cd, and

Pb. The results showed that electrical conductance (EC),

total dissolved solids (TDS), HCO3
-, Mg2?, Na?, and total

hardness (TH) are above the maximum desirable limit, and

apart from Fe and Mn all other trace metals are within the

maximum permissible limit for drinking water. The cal-

culated values for sodium absorption ratio (SAR), salinity,

residual sodium carbonate (RSC), and permeability index

(PI) indicate well to permissible use of water for irrigation.

High values of Na%, RSC, and Mg-hazard (MH) at some

stations restrict its use for agricultural purpose. Anthropo-

genic activities affect the spatial variation of water quality.

Economic and social developments of the study area is

closely associated with the characteristics of the hydro-

logical network.
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Introduction

The Ganga alluvial plain is one of the most densely pop-

ulated regions in the world. This region has uniformly

distributed urban centers and agricultural land cover. The

interaction between the environment and human activities

are complex, important, and poorly understood. However,

human activities are continuously modifying the physical,

chemical, and biological composition of the environment.

It is, therefore, essential to understand them as the exis-

tence, and survival of human beings depend upon the

appropriate interactions with the environment (Butler et al.

2005; UNESCO 1995; Gibbs 1970).

Deoria district is located in the eastern part of the Ganga

plain, which is situated on both banks of the Chhoti

Gandak River (Fig. 1). It occupies an estimated area of

2,489.41 km2. The total population of the area is

2.73 millions with population density of 1,062 persons per

square kilometer according to 2001 census. Population

growth rate of the area is about 25% in the last two dec-

ades. Groundwater is the only source for regular supply of

domestic water. The residents have their own groundwater

wells and hand pumps installed within the vicinity of the

settlements. River water is generally used for irrigation,

livestock, and local industries. Groundwater studies in

Deoria are very important because of increasing pressure

of population on resources. The urban and agricultural

expansions have caused an ever-growing need for fresh-

water which is provided through hand dug or drilled wells

and rivers. The water quality of river at any point reflects

several major influences, including the lithology of

the basin, atmospheric inputs, climatic conditions, and

anthropogenic inputs (Bricker and Jones 1995). The

weathering process and major ion chemistry of the Ganga–

Brahmaputra river system has been analyzed (Galy and

V. Bhardwaj (&) � D. S. Singh

Centre of Advanced Study in Geology,

University of Lucknow, Lucknow 226007, India

e-mail: vik_bhardwaj0710@rediffmail.com

D. S. Singh

e-mail: dhruvsensingh@rediffmail.com

123

Environ Earth Sci (2011) 63:383–395

DOI 10.1007/s12665-010-0709-x



France-Lanord 1999; Sarin et al. 1989). The quality of

water is identified in terms of its physical, chemical, and

biological parameters (Sargaonkar and Deshpande 2003)

and is important for sustainable development of an urban

area (Subba Rao 2008). Present paper deals with the

physical and chemical parameters of the surface and

groundwater of the Deoria district which have direct

societal impact.

Study area

The study area is situated in east part of the Ganga plain

between 26�060 N–26�440 N and 83�300 E–84�120 E

(Fig. 1). The elevation varies between 65 and 106 m above

mean sea level. Physiographically this area is a fertile

plain, with gentle slope toward southeast.

The Chhoti Gandak with its tributaries, Rapti and

Ghaghara are the main drainage system of this region. The

drainage pattern is subdendritic to dendritic. The main river

Chhoti Gandak is 250-km long which drains the entire

district from north to south. It originates in the terai area of

Ganga Plain near Desopool in Maharajgan district of Uttar

Pradesh. The slope gradient is 0.021% and the sinuosity is

2.05 and so the river is meandering in nature. Channel

widths (25–200 m) and valley width (0.1–0.5 m) are

increasing simultaneously toward middle reaches. This

river joins the Ghaghara near Gothini in Siwan district of

Bihar. In this area upland terrace surface, river valley ter-

race surface, and present day river channel with narrow

flood plains made up of older alluvium and newer alluvium

can be identified (Singh et al. 2009).

Climate is sub-humid and the vegetation is composed of

deciduous trees and grassland. Maximum rain occurs in

Fig. 1 Location map of the

study area
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July, average annual rainfall is 1,128 mm and the annual

potential evapo-transpiration is about 1,955 mm. May and

June are hot with mean maximum temperature of 39.2�C,

whereas December and January are cold with mean mini-

mum temperature of 9.5�C. Humidity is maximum (84%)

in August and minimum (43%) in April (Statistical Diary

of Uttar Pradesh 2009; Indian Meteorology Department

2009).

The Section line X-X0 which runs in SSW–NNE direc-

tion is about 40 km in length (Fig. 1) and the depth of the

boreholes ranges from 70.10 to 103.63 m (Fig. 2). The

borehole data of national and state groundwater agencies

indicate that the subsurface consists of thick deposits of

alluvium made up of clay, sand, calcrete (kankar), and

gravel mixed in different proportions at different depth

(Bhardwaj et al. 2010). Sedimentation on the inter-channel

areas takes place mainly by sheet flow (Kumar et al. 1995)

and interfluve deposits (Singh et al. 1999), whereas in the

channel areas by rivers in the form of channel bar deposits

(Singh and Singh 2005). Geomorphologically, the inter-

channel areas are differentiated into broad low lying areas

with small ponds, lakes, creeks, abandoned channels, and

small ridges. There is no proper land-use planning. The

upland terrace surfaces are used for settlement to minimize

the effect of flooding. The river valley terrace surfaces are

used for agriculture and for new settlements due to

increasing demographic pressure and poor land-use plan-

ning. The present day channel during low discharge periods

are used for Zayad crops. The waste land is used for

grazing.

Materials and methods

Samples of surface and groundwater were collected from

different stations in Deoria District during summer (June),

2006. The samples were collected and stored in acid-

cleaned, high-density polyethylene (HDPE) bottles

(1,000 ml), which were carefully rinsed three times before

use. The use of HDPE bottles minimizes container pollu-

tion and promotes sample preservation (Hall 1998). The

surface water samples were collected from rivers at 10

stations designated as SW-1 to SW-10. The groundwater

samples are designated as A to O (Fig. 1). Two sets of

samples were collected at each station.

Analyses of water samples were carried out immedi-

ately after their collection. Samples were stored in a

refrigerator at 4�C prior to analysis. Temperature, pH,

conductivity, and total dissolved solids were determined in

the field by Cyber Scan 510, potassium, sodium and cal-

cium by Systronics Flame photometer 128, nitrate by

Perkin–Elmer, UV/VIS spectrometer, Lambda 40. Perkin–

Elmer Atomic Absorption Spectrometer was used for the

analysis of Mg, Fe, Cu, Mn, Zn, Cd, and Pd. Other

parameters (Cl-, F-, SO4
2-, and TH) were also done

according to APHA (1992, 1998) in Geochemical Labo-

ratory of Centre of Advanced Study in Geology, Univer-

sity of Lucknow, Lucknow. The reproducibility of the

analytical procedures was checked by carrying out a

duplicate analysis. Duplicate results did not differ by more

than 5% of the mean.

Results and discussion

Quality assessment

The water quality data for sampling stations are summa-

rized in Tables 1 and 2. A range of variation exists in the

parameters of water. The data obtained by chemical anal-

yses were evaluated in terms of suitability for domestic,

agricultural, and industrial uses.

Fig. 2 Lithological cross

section in the study area (X, 1, 2,

3, 4, 5, 6, X0 indicate boreholes)
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Suitability for domestic use

To assess the suitability for drinking and public health, the

hydrochemical parameters of the groundwater were com-

pared with the prescribed specification of WHO (1997),

Indian standard for drinking water (BIS 1991, ISI 1983).

Surface water data are not included in this section because

it is not used for drinking and general domestic purposes in

the study area. Table 3 shows that many of the parameters

exceed the desirable limits of WHO (1997) and BIS (1991),

though it is within the maximum permissible limit. The EC

and concentration of TDS is more than the desirable limit

of 750 lScm-1 and 500 mgL-1, respectively, in 13 and

60% of the total groundwater samples. The higher EC and

TDS values may cause a gastrointestinal irritation in the

consumers (Howard and Bartram 2003). The TH of the

analyzed water samples varies between 53.5 and

250 mgL-1 (average 134.2 mgL-1) in groundwater sam-

ples indicating soft to hard types of water. Hardness of the

water is attributable to the presence of alkaline minerals

primarily Ca and Mg and sometimes bicarbonates. The data

indicate that 80% of the samples have TH beyond the

Table 1 Chemical data of surface and groundwater sampling sites

Sampling locations Parameters

EC TDS pH K? Na? Ca2? Mg2? Cl- F- NO3
- HCO3

- SO4
2- TH

SW-1 214 104 8.61 4.1 27 12 19 3.5 0.54 28 193 148 110

SW-2 293.8 162 8.00 5.8 14 36 4.8 17 0.46 14 152 88 110

SW-3 204.7 102 7.63 52 59 12 42 121 0.4 18 451 112 370

SW-4 120.4 61 6.67 8.4 12 36 8.4 14 0.43 24 146 128 125

SW-5 310.0 193 7.99 8.1 14 36 6 21 0.44 16 134 110 115

SW-6 240.8 115 6.24 10 43 23 25 60 0.59 38 190 163 160

SW-7 190.5 94 7.22 2.8 15 24 7.3 25 0.42 26 98 114 90

SW-8 148.2 75 7.75 2.8 54 6 7.3 7.1 0.44 28 195 158 45

SW-9 125.8 63 6.48 116 86 8 41 85 0.42 21 238 186 190

SW-10 136.7 69 7.27 2.1 31 14 21 28 0.44 32 159 138 120

Minimum 120.7 61 6.24 2.1 12 6 4.8 3.5 0.4 14 98 88 45

Maximum 310 193 8.61 116 86 36 42 121 0.59 38 451 186 370

Mean 198.5 103.6 7.4 21.2 35.5 20.7 18.2 38.2 0.46 24.5 195.6 134.5 143.5

Standard deviation 67.8 43.6 0.75 36.5 24.7 11.9 14.2 38.4 0.06 7.5 97.8 29.7 88.4

A 494.2 650 7.9 3.7 55.3 18.2 20.5 23.3 0.41 14 221 152 122.9

B 891.5 880 8.09 2.2 129.8 23 20.8 63.7 0.54 18 283 192 142.5

C 355.3 490 7.9 3.3 24.7 20 16.3 10.5 0.4 24 174 89 118.3

D 500 645 7.9 20.9 26.0 33 21.8 29 0.51 16 213 98 172.5

E 1,380.5 1,225 8.0 28.1 56 17 50.5 190.5 0.59 38 347 147 250

F 348.6 465 7.9 1.9 26 22 14.7 19.8 0.44 21 161 74 115

G 243 405 8.1 1.7 18 32 2.4 7 0.43 18 122 107 90

H 434.3 615 7.9 3.1 41 22.6 17.6 16.3 0.44 14 189 144 130

I 304 415 7.9 2.7 25 27 19.5 14 0.48 12 153 82 53.5

J 526.8 690 8.0 10.0 42.5 22.5 25.3 59.6 0.52 26 189 141 160

K 495.6 455 7.9 5.5 45.2 23.5 22.3 60.4 0.41 21 124 121 149

L 383 575 8.1 4.7 29 8 26 8 0.43 18 207 134 125

M 429.2 585 8.1 9.4 31.2 21.6 19.5 28.4 0.42 19 183 132 133

N 717.5 780 8.0 59.1 58.5 11 31 56.5 0.57 28 198 169 155

O 279.3 435 7.8 2.3 18.3 20.6 10.9 10.7 0.41 12 140 109 96.6

Minimum 243.0 405.0 7.8 1.7 18.0 8.00 2.4 7.0 0.40 12.0 122.0 74.0 53.5

Maximum 1,380.5 1,225 8.1 59.1 129.8 33 50.5 190.5 0.59 38.0 347.0 192.0 250.0

Mean 518.8 620.6 7.9 10.5 41.7 21.4 21.2 39.8 0.46 19.9 193.6 126.0 134.2

Standard deviation 291.7 217 0.1 15.4 27.8 6.5 10.4 46.5 0.06 6.9 59.1 33.2 43.9

Values of ions in mg L-1 (excluding physical data)

EC conductivity (lS cm-1 at 25�C), TDS total dissolved solids (mg L-1), TH total hardness (as CaCO3) (mg L-1)

386 Environ Earth Sci (2011) 63:383–395

123



desirable limit of 100 mgL-1 for drinking water. Hardness

has no known adverse effect on health, but it can prevent

formation of lather and increase the boiling point of water.

The high TH may cause encrustation on water supply

distribution systems. There is some suggestive evidence

that long-term consumption of extremely hard water might

lead to an increased incidence of urolithiasis, anencephaly,

parental mortality, some types of cancer, and cardio-vas-

cular disorders (Durvey et al. 1991). The recommended

limit for sodium concentration in drinking water is

200 mgL-1. A higher sodium intake may cause hyperten-

sion, congenial heart diseases, and kidney problems (Dahl

1960). Concentrations of sodium are within the prescribed

limit of 200 mgL-1 in the analyzed groundwater samples.

Concentration of Ca, Mg, and K is also found within the

highest permissible limit. The contents of HCO3 and Cl

have no known adverse health effects; however, it should

not exceed the safe limit of 200 and 250 mgL-1, respec-

tively for drinking water. The analytical data show that

HCO3 exceeds the desirable limit in about 6% and Cl is

below limit. Higher concentration of Cl in drinking water

causes a salty taste and has a laxative effect in people not

accustomed to it. Concentration of sulfate was found within

the desirable limits of 200 mgL-1. Higher concentration of

sulfate in drinking water is associated with respiratory

problems (Maiti 1982; Subba Rao 1993). High sulfate

concentration may have a laxative effect with excess of Mg

in water. Sulfate may also cause corrosion of metals in the

distribution system, particularly in waters having low

alkalinity. High concentration of nitrate has undesirable

effects when present in drinking water. High concentra-

tions of nitrates can cause methemoglobinemia, gastric

cancer, goiter, birth malformations, and hypertension

(Majumdar and Gupta 2000). All groundwater samples

have nitrate concentration below the recommended level of

45 mgL-1 (BIS 1991). Fluoride is an essential element for

maintaining normal development of teeth and bones, but

higher concentration causes fluorosis problems. Concen-

tration of fluoride also was found to be below the per-

missible limits of 1.5 mgL-1.

The concentration of Fe ranges from 107.6 to

1,834 lgL-1 and that of Mn from 28 to 950 lgL-1

(Table 2). Some of the stations of groundwater, like A, G,

H, and J reveal fairly high concentrations of Fe. As much

as 7 out of 15 groundwater samples exceed the maximum

permissible value of 300 lgL-1 (WHO 1997). For two

samples Mn exceeds the WHO limit of 500 lgL-1. Higher

Fe concentrations in the aquifers might have resulted from

interaction of oxidized Fe minerals and organic matter and

subsequent dissolution of Fe2CO3 at a comparatively lower

pH. This type of water is clear when first drawn from the

well, but soon becomes cloudy and then brown by the

precipitation of Fe(OH)3, which is a common problem in

some parts of the study area. The other reasons for the high

concentration of this element may be the removal of dis-

solved oxygen by organic matter leading to reduced con-

ditions. Under reducing conditions, the solubility of Fe

bearing minerals (siderite, marcasite, etc.) increases lead-

ing to enrichment of dissolved iron in the groundwater

(White et al. 1991; Applin and Zhao 1989). The concen-

trations of Cu varied from 5.8 to 33.5 lgL-1. All the

samples are much below the maximum permissible WHO

Table 2 Metal values (in lg L-1) for surface and groundwater

sampling stations

Sampling

locations

Fe Cu Mn Zn Cd Pb

SW-1 514 9 59 342.1 0.10 0.61

SW-2 323 6 35 311.3 0.07 0.10

SW-3 1,295 13.2 91 120.3 0.15 1.30

SW-4 836 12 70 102.7 0.17 1.14

SW-5 468 8.8 63 91.4 0.10 0.12

SW-6 229 10.9 46 422.5 0.10 0.08

SW-7 631 13.9 56 369.1 0.11 1.39

SW-8 327 14.1 32 153.7 0.14 1.02

SW-9 149 9 31 98.5 0.10 0.31

SW-10 181 5 67 121.2 0.02 0.13

Minimum 149 5 31 91.4 0.02 0.08

Maximum 1,295 14.1 91 422.5 0.17 1.39

Mean 495.3 10.19 55 213.28 0.11 0.62

Standard

deviation

353.19 3.18 19.24 131.31 0.04 0.54

A 991 33.5 115 327.7 – –

B 171.3 12.6 950 126.5 – –

C 286 5.8 32 298.7 – –

D 218.3 9.3 388 131.3 – –

E 107.6 11.1 755 97.5 – –

F 254 6.6 480 168.7 – –

G 1,834 12.2 93 305.6 – –

H 1,231 11.8 61 205.7 – –

I 640 11.4 31 110.3 – –

J 1,321 8.5 36 107.9 – –

K 233 11.2 413 138.7 – –

L 212 8.6 396 121.2 – –

M 321 11.3 28 138.7 – –

N 288 8.7 56 146.9 – –

O 361 11.8 109 118.7 – –

Minimum 107.6 5.8 28 97.5 – –

Maximum 1,834 33.5 950 327.7 – –

Mean 564.61 11.62 262.67 169.61 – –

Standard

deviation

526.73 6.39 291.43 77.77 – –

WHO (1997)

standards

300 2,000 500 5,000 3 10
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value of 2,000 lgL-1. The concentration of Zn varies

between 97.5 to 327.7 lgL-1. Occurrence of Zn concen-

tration in the groundwater might be indicative of leaching

of this element through percolation into the groundwater

from the overlying soil. Among the biologically important

trace elements, Zn appears to have an important role next

to Fe, since it is present in many enzymes necessary for

metabolism of carbohydrates, lipids, and proteins.

Suitability for livestock

Water for livestock should be of high quality to prevent

them from various diseases, salt imbalance, or poisoning

by toxic constituents. Most of the water quality variables

for livestock are same as for human drinking-water

although the total permissible levels of total suspended

solids and salinity may be higher. Irrigation canals, ponds,

rivers, reservoirs, and groundwater may serve as water

resources for livestock. The data in Ayers and Wescot

(1985) indicate that water having salinity \1,500 mgL-1

and Mg \250 mgL-1 is suitable for drinking for most

livestock. The water resources of the area meet these

standards and are suitable for livestock. The common

livestock in the area are cattle, goat, and chickens, whereas

horses, sheep, and asses are also present. Excessive salinity

in livestock drinking water can upset the animal’s water

balance and cause death. High levels of salinity and spe-

cific ions like Mg in water can cause animal health prob-

lems and death. Environmental Studies Board (1972) offers

upper limits for toxic substances in water and provides the

guidelines for use of saline waters for livestock. Unsafe

levels of salts and ions depend on the amount of water

consumed each day and the weight of the animal.

Suitability for irrigation uses

Salinization is the major cause of loss of production and is

one of the most prolific adverse environmental impacts

associated with irrigation. Saline conditions severely

restrict the choice of crops, adversely affect the crop ger-

mination and yields, and can pollute the soils. Careful

management can reduce the rate of salinity build up and

minimizes the effects on crops. Management strategies

include: leaching, altering irrigation methods and sched-

ules, installing sub-surface drainage, changing tillage

techniques, adjusting crop patterns, and incorporating soil

ameliorates. All such actions, which are costly, would

require careful study to determine their local suitability. All

evaluation regarding irrigation water quality should be

linked to the evaluation of the soils to be irrigated (Ayers

and Wescot 1985). Low-quality water for irrigation might

be hazardous for clayey soils, while the same water could

be used satisfactorily on sandy and/or permeable soils. The

important hydrochemical properties of surface and sub-

surface water used to determine its suitability for irrigation

are: EC and sodium percentage (Na%). EC and sodium

concentration are very important in classifying irrigation

water. The salts, besides affecting the growth of plants

directly, also affect the soil structure, permeability, and

aeration, which indirectly affect the growth of plant. The

Table 3 Range in values of geochemical parameters in groundwater and WHO (1997) standards, Indian standards (IS:10500), and ISI (1983)

standards for drinking water

S. no. Parameters Range Mean WHO (1997) BIS (1991) IS:10500 ISI (1983)

Max.

desirable

Highest

permissible

Max.

desirable

Highest

permissible

Max.

desirable

Highest

permissible

1 Ph 7.8–8.1 7.9 7.0–8.5 6.5–9.2 6.5–8.5 8.5–9.2 7.0 8.5

2 EC 243–1,380.5 518.8 750 1,500 – – 300 –

3 TDS 405–1,225 620.6 500 1,500 500 2,000 500 1,500

4 HCO3
- 122–347 193.6 200 600 200 600 – –

5 SO4
2- 74–192 126 200 600 200 400 150 400

6 Cl- 7–190.5 39.8 250 600 250 1,000 250 1,000

7 NO3̄ 12–38 19.9 – 50 45 100 – –

8 F- 0.4–0.59 0.46 0.6–0.9 1.5 1.0 1.5 – –

9 Ca2? 8–33 21.4 75 200 75 200 75 200

10 Mg2? 2.4–50.5 21.2 30 150 30 100 30 100

11 Na? 18–129.8 41.7 50 200 – – 200 –

12 K? 1.7–59.1 10.5 100 200 – – 50 –

13 TH 53.5–250 134.2 100 500 300 600 300 600

Values of ions in mg L-1 (excluding physical data)

EC conductivity (lScm-1 at 25�C), TDS total dissolved solids (mg L-1), TH total hardness (as CaCO3) (mg L-1)
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sodium percentage (Na%) in the water samples is calcu-

lated by the following equation:

Na% ¼ Na

CaþMgþ Naþ K
� 100

The sodium percentage (Na%) in the area ranges between

16.12 and 70.55% (avg. 32.39%) in groundwater samples

and 22.02–65.75% (avg. 34.9%) in surface water

samples. A high sodium percent causes deflocculation and

impairment of the tilth and permeability of soils (Karanth

1987). As per the Indian Standard (BIS 1991), maximum

sodium recommended for irrigation water is 60%. The

plot of analytical data on the Wilcox (1955) diagram,

relating EC and sodium percent shows that the quality of

water in study area is excellent to good. Only one sam-

pling station of groundwater fall in the category of good

to permissible and one in the permissible to doubtful

quality. It suggests that waters may be used for irrigation

purposes (Fig. 3).

Alkali and salinity hazard The total concentration of

soluble salts in irrigation water can be categorized as

low (EC B 250 lScm-1), medium (250–750 lScm-1),

high (750–2,250 lScm-1), and very high (2,250–5,000

lScm-1). High salt concentration in water leads to for-

mation of saline soil and high sodium concentration leads

to development of an alkaline soil. Excessive solutes in

irrigation water are common problem in semi-arid areas,

where water loss through evaporation is high. Salinity

problems are common where drainage is poor, and water

table is close to the root zone of plants. The sodium salts

accumulate in the soil through capillary rise and evapo-

ration. The sodium or alkali hazard in the use of water for

irrigation is determined by the absolute and relative

concentration of cations and is expressed in terms of

sodium adsorption ratio (SAR). It can be estimated by the

formula:

SAR =
Na
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðCaþMgÞ
2

q

There is a significant relationship between SAR values of

irrigation water and the extent to which sodium is adsorbed

by the soils. If water used for irrigation is high in sodium

and low in calcium, the cation-exchange complex may

become saturated with sodium. This can destroy the soil

structure due to dispersion of clay particles. The calculated

value of SAR in the study area ranges from 0.47 to 3.48 in

surface water and 0.51–1.37 in groundwater samples. The

plot of data on the US salinity diagram (USSL 1954), in

which the EC is taken as salinity hazard and SAR as

alkalinity hazard, shows that all of the water samples fall in

the category C1S1 and C2S1, indicating low to medium

salinity and low alkali water (Fig. 4). It can be used for

irrigation for most soil and crops with less negative impact

(Richards 1954; Fig. 4).

Fig. 3 Plot of sodium percent versus electrical conductance (Wilcox

diagram) Fig. 4 US salinity diagram for classification of irrigation waters
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Residual sodium carbonate The quantity of bicarbonate

and carbonate in excess of alkaline sediments (Ca and Mg)

also influence the suitability of water for irrigation pur-

poses. When the sum of carbonates and bicarbonates is in

excess of calcium and magnesium, there may be possibility

of complete precipitation of Ca and Mg (Raghunath 1987).

To quantify the effects of carbonate and bicarbonate,

residual sodium carbonate (RSC) has been computed by

the equation:

RSC ¼ ðCO3 þ HCO3Þ � ðCaþMgÞ

A high value of RSC in water leads to an increase in

absorption of sodium in soil (Eaton 1950). Waters having

RSC values greater than 5 meqL-1 are considered harmful

to the growth of plants, while waters with RSC values

above 2.5 meqL-1 are not considered suitable for irrigation

purpose. In most of the analyzed water samples, RSC

values are below 2.5 meqL-1; only one sample exceeds

2.5 meqL-1 limits. This indicates that water is suitable for

irrigation uses.

Permeability index Permeability is the ease with which

water can flow into the medium. This parameter is very

important for retaining the water at a station. Doneen

(1964) classified irrigation waters based on the perme-

ability index (PI). PI is defined by

PI ¼ Naþ
ffiffiffiffiffiffiffiffiffiffiffiffiffi

HCO3

p

CaþMgþ Na
� 100

As much as 76% of the water samples fall in Class-I and

20% in Class-II in the Doneen’s chart (Domenico and

Schwartz 1990), implying that the water is of good quality

for irrigation purposes with 75% or more of maximum

permeability. However, one surface water sample belongs

to Class-III and so unsuitable for the irrigation (Fig. 5).

Magnesium hazard Magnesium constitutes about 2% of

the Earth’s crust by mass, which makes it the eighth most

abundant element in the crust. It is the 11th most abundant

element by mass in the human body; its ions are essential to

all living cells, where they play a major role in manipu-

lating important biological polyphosphate compounds.

Magnesium ions are essential for plant growth, but they

may associate with soil aggregation and friability. Szabolcs

and Darab (1964) proposed magnesium hazard (MH) value

for irrigation water as:

MH ¼ Mg

CaþMg
� 100

MH [ 50 is considered harmful and unsuitable for irrigation

use. All groundwater samples and six surface water samples

have MH [ 50 and hence it is not suitable for irrigation.

Plants have an additional use for magnesium in that

chlorophylls are magnesium-centered porphyrins. Magne-

sium deficiency in plants causes late-season yellowing

between leaf veins, especially in older leaves, and can be

corrected by applying Epsom salts (which is rap-

idly leached), or else crushed dolomitic limestone to the soil.

Suitability for industrial use

The quality of water required for industries depends on the

type and processes of industries. One useful parameter to

assess quality of water for industrial purpose is the SI of

minerals (Rhades and Bernstein 1971).

SI ¼ log 10
IAP

Ksp

where IAP is the ion activity product, Ksp is the solubility

product at a given temperature.

The SI value is positive for calcite and dolomite for

most of the stations, which indicate the possibility of pre-

cipitation (Table 4). The supersaturation restricts the safe

use of water for industrial purpose, particularly in elec-

trical power stations, industrial boiler houses, etc. The

high values of TDS, hardness, and sulfate concentration at

some stations also make this water unsafe for textiles,

paper, and allied industries. To use this water for food

industries disinfections and treatment should be done

before use.

Fig. 5 Classification of irrigation water based on the permeability

index
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Chemical classification and relationships

The trilinear diagrams of Piper (1953) are useful in

determining chemical relationships in groundwater. This

method is more definite than other possible plotting

methods (Walton 1970). Piper’s trilinear diagram method

is also used to classify the surface and subsurface water

on the basis of constituent ionic concentrations. The

Piper’s diagram for the groundwater samples are shown in

Fig. 6.

Hydrochemical facies

Two hydrochemical facies are identified from the Piper

diagrams (Fig. 6).

Facies (I) Na ? K–SO4 ? Cl facies represents 13.33%

of the total groundwater samples and 20% of total

surface water samples. Its source is believed to be

mainly by gypsum or anhydrite dissolution, as Na? and

SO4
2- are the main ions that form this facies.

Facies (II) Ca–Mg–HCO3 represents 33.33% of the total

groundwater samples and 20% of total surface water

samples. It is interpreted as a result of dissolution of

carbonate minerals (calcite, dolomite, and aragonite).

No pair down facies represents none of the water

samples, while the no pair up represents 53.33% of the

total groundwater samples and 60% of the total surface

water samples.

Ion-exchange processes

Dissolution of undesirable constituents in subsurface water

cannot be controlled; however, it is important to know the

changes undergone by water during surface runoff and

infilteration (Pojasek 1977; Johnson 1979; Sastri 1994).

The ion exchange between the groundwater and its envi-

ronment during residence or percolation can be inferred by

analyzing the chloro-alkaline indices (Schoeller 1965,

1967), i.e.

CA� I ¼ Cl� ðNaþ KÞ
Cl

CA� II ¼ Cl� ðNaþ KÞ
SO4 þ HCO3 þ NO3

Na and K ions in water are exchanged with Mg and Ca ions.

Positive values of CA indices indicate base-exchange reac-

tion, whereas negative values indicate disequilibrium. The

reaction is known as a cation–anion exchange reaction. CA

indices value for the groundwater samples (Table 2) reveal

that cation–anion exchange (chloro-alkaline disequilibrium)

exists all over the area, except at seventh station, where the

values are positive, indicating a base-exchange reaction

(chloro-alkaline equilibrium). Groundwater with a base-

exchange reaction in which the alkaline earths have been

exchanged for sodium ions (HCO3 [ Ca ? Mg) may be

referred to as base-exchange-soft water, and those in which

the sodium ions have been exchanged for the alkaline earths

(Ca ? Mg [ HCO3) may be referred to as base exchange

hard water (Handa 1969). In the study area the alkaline earths

have higher concentrations than bicarbonate, which indi-

cates the exchange of sodium ions for alkaline earths, and the

water as base-exchange hard water.

Water classification

Water samples can be divided into five divisions on the

basis of the percentage of Na and the EC value (Wilcox

1955, Table 5). Based on the Na%, about 4% of water

samples are within permissible limit, 8% are doubtful, 80%

are good, and 8% are excellent. On the basis of EC, 8% of

water samples are permissible and 56% are good. Richards

(1954) classified water quality on the basis of sodium

Table 4 Saturation index of aragonite, calcite, and dolomite for both

surface and groundwater

Sampling locations Saturation index (SI)

Aragonite Calcite Dolomite

SW-1 0.29 0.45 1.41

SW-2 0.12 0.26 -0.01

SW-3 -0.35 -0.21 0.48

SW-4 -1.39 -1.25 -2.79

SW-5 0.04 0.18 -0.07

SW-6 -2.11 -1.97 -3.56

SW-7 -1.07 -0.93 -2.03

SW-8 -0.85 -0.71 -0.99

SW-9 -2.15 -2.01 -2.96

SW-10 -1.07 -0.93 -1.33

A -0.17 -0.03 0.34

B 0.18 0.33 0.96

C -0.19 -0.05 0.16

D 0.09 0.24 0.64

E 0.04 0.19 1.20

F -0.17 -0.03 0.11

G 0.07 0.21 -0.36

H -0.13 0.01 0.26

I -0.11 0.03 0.27

J -0.05 0.10 0.59

K -0.29 -0.15 0.03

L -0.34 -0.20 0.46

M 0.04 0.18 0.66

N -0.36 -0.21 0.37

O -0.37 -0.22 -0.38

Environ Earth Sci (2011) 63:383–395 391

123



absorption ratio (SAR) as shown in Table 5. According to

Richard’s classification, 100% of water samples are

excellent. Stuyfzand (1989) classified water on the basis of

Cl ion concentration into eight divisions as shown in

Table 5. According to Stuyfzand, 28% of water samples

are brackish, 20% are fresh brackish, 16% are fresh, and

36% are brackish-salt. USSL (1954) classification is based

on the concentration of total dissolved solids as shown in

Table 5. According to USSL classification, 36% of

water samples showed total dissolved solids concentra-

tions in the range of 500–1,500 mgL-1, 24% are in the

range of 200–500 mgL-1, and 40% are in the range of

\200 mgL-1. Eaton (1950) also classified water quality on

the basis of percentage of Na in water. According to the

Eaton classification, 92% of water samples are safe, while

8% are unsafe for use.

Downstream profiles of monitored parameters

The spatial variation in the chemical composition of river

water is due to the minerals dissolved in it. However, the

composition is modified by ion-exchange equilibria, pre-

cipitation of compounds during evaporation, mixing and

dilution, the uptake and recycling of nutrient elements,

exchange with the gasses of the atmosphere, and by

discharge of municipal, agricultural, and industrial wastes

(Bhardwaj et al. 2009). Conductivity, which is a good

measure of the total dissolved solids (viz., Ca, Mg, Na, K,

bicarbonate, sulfate, chloride, phosphate, etc.) fall within

the maximum permissible limit for all the stations. The

maximum value was observed at station SW-5. Stations

near small catchment areas showed higher values of con-

ductivity, which could be due to dilution by low runoff.

Higher levels of ionic concentration during the season with

low volume of water could be an indication of contribution

from the urban waste as well as subsurface flow, which

could be rich in ionic concentration. Total dissolved solids

(TDS) indicate the general nature of water quality or

salinity. TDS values were below the maximum permissible

limit of 1,500 mgL-1. Locations near the maximum

urbanization showed higher values, which indicate dilution

with salt-free water. In case of other location urban runoff,

and agricultural runoff passing through several wetlands in

the study area might have reduced the dissolved load as the

wetlands act as spongy filters and take up the ions present,

thereby reducing the dissolved salts concentration. The

total hardness values are below the maximum permissible

value of 500 mgL-1, but most of the stations showed high

values than maximum desirable value 100 mgL-1.

Majority of the stations are observed to have total hardness

Fig. 6 Trilinear diagram of

ground and surface water

samples

392 Environ Earth Sci (2011) 63:383–395

123



values that exceed the desirable value of 100 mgL-1 and

the maximum was for the station SW-3 (370 mgL-1),

which is due to the presence of urban area. Chloride con-

centrations are below the desirable level of 250 mgL-1,

maximum values being at station SW-3. Chloride pene-

trates into natural waters from soil, natural layers of salt,

municipal, and industrial sewage. The points around SW-3,

SW-6, and SW-9, which drain the urban area, show com-

paratively higher values (121, 60, and 85 mg L-1) that are

indication of organic waste in higher quantities compared

to other stations. Sulfate values are far below the permis-

sible value of 600 mgL-1. Sampling near the urban areas,

SW-6 and SW-9, show the maximum value. Source of

increased levels of sulfate can also get into natural water

due to chemical weathering of rocks and soil in the

upstream and biochemical oxidation of sulfur compounds

in the downstream. Sulfur is widely distributed in nature. In

this region it is found in many minerals and ores, e.g.,

pyrites, gypsum, epsom salts, and also the fertilizers. Sulfur

is a component of all living cells. The amino acids cys-

teine, methionine, homocysteine, and taurine contain sulfur

as do some common enzymes; it is a component of most

proteins. All metals except gold and platinum form sulfides

and many ores are sulfides.

Analysis show that the nitrate concentration varies in the

range of 14–38 mgL-1, which is below permissible value

50 mgL-1. Highest value of nitrate at station SW-6 is

attributed to decaying organic matter and sewage water in

the urban area. The concentration of sodium was found to

be below the permissible limit of 200 mgL-1 for all the

stations. The downstream increase in concentration indi-

cates the anthropogenic contribution. Main source of

potassium in natural water is similar to that of sodium.

Concentration of potassium also shows a similar trend as

that of sodium, with a maximum concentration of

116 mgL-1 at station SW-9, which is, however, below the

maximum permissible level of 200 mgL-1.

Metal concentration show variability in downstream

direction. Except Fe, none of the metals show higher values

than WHO standards for river water. Variability of metals

shows more or less similar trends. All metals show the

influences of smaller catchment areas, urban areas, sewage

sludge, municipal refuges and comparatively high organic

matter presence.

Conclusions

The quality assessment of groundwater shows that in

general, the water is suitable for domestic purposes.

However, high values of EC, TDS, HCO3
-, Mg2?, Na?,

and Fe at some stations make it unsafe for drinking and

demand detailed regional groundwater investigation.

Investigations of ground and surface water meet the stan-

dards for livestock, and show suitability for livestock

consumption. Wilcox diagram, US salinity diagram, Per-

meability index and Residual Sodium Carbonate values

indicate that the ground and surface water can be used for

irrigation for most of the soil. However, many of the

sampling stations show high vales of Magnesium hazard,

which may indicate restricted use of water for irrigation.

The saturation indices for dolomite, calcite, and aragonite

demonstrate that most of the waters are supersaturated

and hence not useful for industrial purposes. Downstream

variability in chemical composition of river water is

mainly governed by the land-use pattern and amalgama-

tion of natural sources and anthropogenic activity near the

river.

Table 5 Brief water classification

Classification scheme Categories Ranges Percent of

samples

EC (Wilcox 1955) Excellent \250 36

Good 250–750 56

Permissible 750–2,250 8

Doubtful 2,250–5,000 0

Unsuitable [5,000 0

RSC (Richards

Wilcox 1954)

Good \1.25 92

Medium 1.25–2.5 4

Bad [2.5 4

Na% (Wilcox 1955) Excellent 0–20 8

Good 20–40 80

Permissible 40–60 4

Doubtful 60–80 8

Unsuitable [80 0

Na% (Eaton 1950) Safe \60 92

Unsafe [60 8

TDS classification

(USSL 1954)

\200 40

200–500 24

500–1,500 36

1,500–3,000 0

Cl- classification

(Stuyfzand 1989)

Extremely fresh \0.14 0

Very fresh 0.14–0.85 0

Fresh 0.85–4.23 16

Fresh brackish 4.23–8.46 20

Brackish 8.46–28.21 28

Brackish-salt 28.21–282.06 36

Salt 282.06–564.13 0

Hypersaline [564.13 0

SAR (Richards 1954) Excellent 0–10 100

Good 10–18 0

Fair 18–26 0

Poor [26 0
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