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Abstract Hydrochemical investigations were carried out

in Bukan area, Northwestern Iran, to assess chemical

composition of groundwater. A total of 35 groundwater

samples were collected and analyzed for major cations and

anions. The domination of cations and anions was in the

order of Na? [ Ca2? [ Mg2? [ K? for cations and

HCO3
- [ SO4

2- [ Cl- in anions. The similarity between

rock and groundwater chemistries in the recharge area

indicates a significant rock-water interaction. The hydro-

chemical types Na ? HCO3 ? CL ? Mg and Na ? Cl are

the predominate forms in the groundwater, followed by

water Ca ? Mg ? SO4 ? Cl and Ca ? Mg ? HCO3.

Assessment of water samples according to exceeding the

permissible limits prescribed by WHO for drinking pur-

poses indicated that groundwater in study area is chemi-

cally suitable for drinking uses. The most dominant classes

C2–S2, C2–S1 and C3–S2 were found in the studied area.

The salinity hazard for water wells is classified as medium

and high salinity.
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Introduction

The quality of groundwater at any point below the surface

reflects the combined effects of many processes along the

groundwater flow path. Chemical reactions such as weath-

ering, dissolution, precipitation, ion exchange and various

biological processes commonly take place below the surface.

Hydrogeochemical study is a useful tool to identify these

processes that are responsible for groundwater chemistry

(Jeevanandam et al. 2007). Water shortages have become an

increasingly serious problem in Iran, especially in the arid

and semi-arid regions of western Iran (Jalali 2006).

Groundwater has become the major source of water supply

for domestic, industrial and agricultural sectors of many

countries. Iran is located in a semi-arid area with an average

annual precipitation less than one-third of that of the world

(Baghvand et al. 2010). Furthermore, spatial and temporal

distribution of the regional precipitation is not integrated.

Iran is one of 27 countries that are likely to face increasing

water shortage crises between now and 2025, unless action is

taken to reduce current water consumption (Bidhendi et al.

2007). Intense agricultural and urban development has

placed a high demand on groundwater resources, especially

in the Bukan region, and these resources are now at greater

risk of contamination. The increasing exploitation due to

farming frequently causes deterioration in water quality.

Therefore, variations in natural and human activities reflect

spatial variations in the hydrochemical parameters of the

groundwater. The importance of water quality in human

health has also recently attracted a great deal of interest

(Pazand et al. 2011).The importance of the groundwater in

the area should not be underestimated because they are

sources of water resource for drinking and agricultural pur-

poses, not only for the people living in this area but also for

those who live in the surrounding areas (Pazand et al. 2012).

Hydrochemical evaluation of groundwater systems are

usually based on the availability of a large amount of infor-

mation concerning groundwater chemistry. Groundwater

chemistry, in turn, depends on a number of factors, such as
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general geology, degree of chemical weathering of the var-

ious rock types, quality of recharge water, and inputs from

sources other than water–rock interaction. Such factors and

their interactions result in a complex groundwater quality

(Guler and Thyne 2004; Giridharan et al. 2008). In the Bukan

area, agriculture is the most important economic activity;

thus, a hydrogeochemical investigation was carried out to

identify groundwater geochemistry and its suitability for

irrigation and drinking purposes.

Geological and hydrogeological setting

The investigated area is located in the NW Iran and is part

of the Bukan basin that lies between longitudes 45�320 300

to 46�210 4800E and latitudes 36�100 3000 to 36�490 3200N

with area occupies of about 2,885 Km2 (Fig. 1).The area

has a cold temperate climate and the air temperature is

highest in August (27.4 �C) and lowest in January

(-4.1 �C) with an annual average of 15.2 �C. The climate

of the study area is semiarid and its average annual rainfall

is about 210 mm, which 80 % of it falls during the spring

and winter seasons. Groundwater is an important water

resource for drinking, agriculture, and industrial uses in the

study area. Low precipitation and overexploitation of

groundwater resources in recent years have caused an

extensive groundwater level decline in this plain prohibit-

ing further development of the aquifer (Fig. 2).

The geology of the Bukan basin in eastern part consists

of Quaternary deposits over-lying volcanic such as andesite

and tuff of Jurassic and Pliocene age while the western

part of area was covered by the intrusive granite and

Fig. 1 Geological map and Study area location
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metamorphic rocks contain phyllite and gneiss with

Precambrian age (Fig. 1) (Eftekharnezhad 1973).

Materials and methods

In order to evaluate the quality of groundwater in study

area, groundwater samples were collected from 35 shallow

and deep wells and springs of the area during June 2006

(Fig. 1). The selected wells and springs are used for agri-

cultural and domestic purposes. The samples were col-

lected after 10 min of pumping and stored in polyethylene

bottles. Immediately after sampling, pH and electrical

conductivity (EC) were measured in the field using a por-

table pH meter. Water sample collected in the field were

analyzed in the laboratory for cations (Ca2?, Mg2?, Na?,

K?) and anions (HCO3
-, CO3

2-, SO4
2-, Cl-) using the

standard methods. Calcium (Ca2?) and magnesium (Mg2?)

were determined titrimetrically using standard EDTA.

Chloride (Cl-) was determined by the standard AgNO3

titration method. Carbonate CO3
2- and bicarbonate

(HCO3
-) were determined by titration with HCl. Sodium

(Na?) and potassium (K?)were measured by flame pho-

tometry, and sulfate SO4
2- by spectrophotometric turbi-

dimetry (Rowell 1994) (Table 1).

Groundwater chemistry

The pH of the groundwater in the study area ranged from 7.1

to 8.3 with an average value of 7.62, indicating an alkaline

nature of the samples. The overall groundwater EC value is

ranging from 260 to 4,040 lS/cm. The large variation in EC

is mainly attributed to geochemical processes prevailing in

this region. The spatial variation of chemical parameters in

the groundwater reflects the variation in the natural and

human activity. The relative content of a cation or an anion

is defined as the percentage of the relative amount of that ion

to the total cations or anions, respectively (Pazand et al.

2011). The concentrations of Ca2?, Mg2?, Na? and K?

represent on average 18.76, 12.13, 68.88 and 0.23 % of all

the cations, respectively. Among the anions, the concentra-

tions of HCO3
-, Cl- and SO4

2- represent on average 55.87,

17.59 and 26.54 %, respectively. Thus, the order of cation

and anion abundance is Na? [ Ca2? [ Mg2? [ K? and

HCO3
- [ SO4

2- [ Cl-, respectively. If halite dissolution is

responsible for sodium, the Na?/Cl- ratio should be

approximately equal to 1, whereas a ratio greater than 1 is

typically interpreted as Na released from silicate weathering

reactions (Meyback 1987). In the present study, the Na?/Cl-

ratio of groundwater samples generally varies from 1.7 to

42.68 (Fig. 3). Samples having Na?/Cl- ratio greater than 1

indicated that an ion exchange process is prevalent in the

study area and might have come from silicate weathering

(Pazand et al. 2012). The chloro-alkaline index, CAI =

[Cl - (Na ? K)]/Cl, is suggested by Schoeller (1977),

which indicate the ion exchange between the groundwater

and its host environment. If there is ion exchange of Na?

and K? from water with magnesium and calcium in the

rock, the exchange is known as direct when the indices are

positive. If the exchange is reverse then the exchange is

indirect and the indices are found to be negative. The neg-

ative CAI values in Bukan basin suggest that magnesium

and calcium from water are exchanged with sodium and

potassium in rock favoring cation–anion exchange reactions

(Fig. 3).

Hydrochemical facies

The term hydrochemical facies is used to describe the bodies

of groundwater in an aquifer that different their chemical

composition (Aghazadeh and Mogaddam 2011). The facies

Fig. 2 Long-term and seasonal groundwater level fluctuation in

Bukan aquifer

Table 1 Summary statistics of the analytical data and groundwater

samples of the study area

Parameters Units Max Min Mean SD

Na mg/l 33.56 3.74 14.81 6.59

K mg/l 0.20 0.00 0.05 0.06

Mg mg/l 13.00 0.70 2.61 2.18

Ca mg/l 16.50 1.60 4.03 2.85

SO4 mg/l 20.00 0.40 2.18 3.35

Cl mg/l 19.70 0.30 1.44 3.26

HCO3 mg/l 9.70 1.40 4.58 1.94

pH – 8.30 7.10 7.62 0.30

EC lS/cm 4,040.00 260.00 722.29 647.67

TH mg/l 94.55 8.60 20.78 14.97

SAR – 15.21 2.04 8.40 3.08

EC electrical conductivity, SAR sodium adsorption ratio, TH total

hardness, SD standard deviation
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are a function of the lithology, solution kinetics and flow

patterns of the aquifer (Raju et al. 2009). Large tables of

analytical data are usually difficult to interpret regarding the

variations in water quality. Graphs are useful for this purpose

and several specialized types are in use. Piper diagram is one

of them. Based on the dominant cations and anions, four

water types were found for the water samples (Fig. 4):

Na ? HCO3 ? CL ? Mg, Na ? Cl, Ca ? Mg ?

SO4 ? Cl and Ca ? Mg ? HCO3 that represent 57.14,

31.42, 5.72 and 5.72 % of the total number of water

samples, respectively.

The Na ? Cl type of water is dominant in the southern

part of the study area (Fig. 5) with Na? ranging from 6.52

to 21.27 mg l-1 and Cl- ranging from 0.3 to 1.9 mg l-1.

Range and mean chemical compositions and standard

deviation in the four sub-types of groundwater samples in

study area are shown in Table 2.

Groundwater quality and assessment

Natural chemical composition of groundwater results from

two main processes: the first are the atmospheric salts that

coming from marine aerosols, dust and concentration by

evaporation of dissolved salts in precipitation, and the

second is the interaction of groundwater with the formation

minerals (Pazand et al. 2011). A hydrogeological environ-

ment is a conceptual model of morphological, geological

and climatic parameters that determine the main ground-

water flow features in given area. Understanding the quality

of groundwater is as important as its quantity because it is

the main factor determining its suitability for drinking,

domestic, agricultural, industrial and touristic purposes

(Pazand et al. 2011).The analytical results of physical and

chemical parameters of groundwater were compared with

the standard guideline values as recommended by the World

Health Organisation (2004) for drinking and public health

purposes. According to the WHO, the range of desirable pH

values of water prescribed for drinking purposes is 6.5–9.2.

There are no water samples with pH values outside of the

desirable ranges. The degree of hardness in water is com-

monly based on the classification: (0–75) soft, (75–150)

moderately hard, (150–300) hard, (300) very hard (Todd

and Mays 2005). All samples except for one (TH = 94.55)

sample had a hardness degree between 8.6 and 41.95, hence

groundwaters are soft. In all the samples, the concentrations

of anions and cations, such as K?, Na?, Ca2?, SO4
2- and

Mg2? are below the maximum acceptable level (200, 1,538,

Fig. 4 The piper diagram for the groundwater samples of the study

area

Fig. 3 Na/Cl ratio and CAI

index of well samples in the

study area

312 Appl Water Sci (2012) 2:309–315

123



349, 1,492 and 133 mg l-1, respectively) for drinking

waters (WHO 2004). The sodium adsorption ratio (SAR) is

an important parameter for determining the suitability

of groundwater for irrigation because it is a measure of

alkali/sodium hazard to crops (Subramani et al. 2005).

The sodicity hazard of water is generally described by

the SAR:

SAR ¼ Na
ffiffiffiffiffiffiffiffiffiffiffi

caþMg
2

q

The ionic symbols indicate concentrations of the ions in

the water in milliequivalents per liter. The calculated SAR

ranged from 2.04 to 13.09. In order to identify the availability

of waters for irrigation use, the Wilcox classification diagram

Fig. 5 Distribution of water

types in the groundwater of the

study area

Table 2 Range and mean chemical compositions and standard deviation in the sub-types of groundwater samples

Water type Statistical parameters Cations and anions (mg/l) Physical parameters

K Na Ca Mg Cl HCO3 SO4 pH EC

Na ? HCO3 ? CL ? Mg Maximum 0.10 23.65 10.10 4.80 4.40 8.70 4.10 8.30 1,670.00

Minimum 0.00 3.74 1.60 1.00 0.30 1.40 0.40 7.10 260.00

Mean 0.05 15.25 3.91 2.54 1.05 4.79 1.83 7.61 681.50

SD 0.05 5.64 2.28 1.24 0.88 2.08 1.20 0.33 341.93

Na ? Cl Maximun 0.15 21.27 5.60 4.80 1.90 5.50 5.45 8.00 1,030.00

Minimum 0.00 6.52 2.20 0.70 0.30 2.40 0.45 7.20 330.00

Mean 0.03 11.86 3.30 1.94 0.71 3.74 1.45 7.67 525.45

SD 0.06 4.98 1.10 1.37 0.47 1.01 1.58 0.31 228.97

Ca ? Mg ? SO4 ? Cl Maximun 0.10 20.77 4.20 2.10 0.90 5.20 1.65 7.70 700.00

Minimum 0.00 5.97 3.90 1.80 0.60 4.80 0.60 7.40 560.00

Mean 0.05 13.37 4.05 1.95 0.75 5.00 1.13 7.55 630.00

SD 0.07 10.47 0.21 0.21 0.21 0.28 0.74 0.21 98.99

Ca ? Mg ? HCO3 Maximun 0.20 33.56 16.50 13.00 19.70 9.70 20.00 7.60 4,040.00

Minimum 0.13 22.56 2.10 2.30 0.60 3.90 1.45 7.50 570.00

Mean 0.17 28.06 9.30 7.65 10.15 6.80 10.73 7.55 2,305.00

SD 0.05 7.78 10.18 7.57 13.51 4.10 13.12 0.07 2,453.66
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has been used (Fig. 6) (Pazand et al. 2012). According to this

graph, water classes of water samples are mainly C2–S2

(37.14 %), C2–S1 (34.28 %), C3–S2 (20 %), C2–S3

(5.71 %) and C4–S2 (2.87 %).

Salinity in C3–S2 class is high; hence, water cannot be

used on soil with restricted drainage. Even with adequate

drainage, special management for salinity control may be

required, and plants with good salt tolerance should be

selected. In C4–S2 classes, salinity is very high. Water is

not suitable for irrigation under ordinary conditions but

may be used under very special circumstances. In C2–S1,

C2-S2 and C2–S3 classes, salinity is medium. Water can be

used if a moderate amount of leaching occurs. These

groundwaters can be used safely for irrigation on clay soil;

however, selection of crops depending on salt tolerance

should be carried out prior to cultivation.

Conclusions

The weathering of minerals is of prime importance in con-

trolling the groundwater chemistry. In study area magnesium

and calcium from water are exchanged with sodium and

potassium in rock (volcanic rocks in basin). This study has

demonstrated that the chemical composition of groundwater

differs according to water types. The hydrochemical types

Na ? HCO3 ? CL ? Mg and Na ? Cl dominate the largest

part of the studied area. The sequence of the abundance of the

major ions is in the following order: Na? [ Ca2? [ Mg2? [
K? and HCO3

- [ SO4
2- [ Cl-. Assessment of water sam-

ples according to exceeding the permissible limits prescribed

by WHO for drinking purposes indicated that groundwater in

study area is chemically suitable for drinking uses. The most

dominant classes C2–S2, C2–S1 and C3–S2 were found in the

Fig. 6 Diagram of sodium

adsorption ratio and salinity for

the classification of

groundwater for irrigation

purposes
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studied area. The salinity hazard for water wells is classified as

medium and high salinity. The Na? hazards in some samples

are low to medium, an indication that these waters are suitable

for irrigation in almost all soils with little danger of the

development of Na? and salinity problem.Therefore, salinity

is the principal concern in irrigated agriculture in Bukan areas.

Special management for salinity control is required and plants

with good salt tolerance should be selected. Maintaining soil

organic matter levels and appropriate leaching is necessary to

avoid the build-up of salts over time. Given the decline in

aquifer water levels over the past years, must have a com-

prehensive program for the management of groundwater.
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