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ABSRTACT 

Water is required for several uses including drinking, domestics, industrial, municipal and agriculture where 

acceptable quality standards vary based on the intended use. Water quality defines the usefulness of water for an 

intended use and is an importance as quantity. Considering the water quality situation in Balochistan province, a 

program of evaluation of groundwater quality was initiated by Pakistan Council of Research in Water Resource 

(PCRWR).120 ground water samples were collected from 29 Districts of Balochistan Province and analyzed for 14 

important water quality parameters.  Water quality modeling software Aquachem and ArcGIS9.1 was used to 

analyze data set. The results revealed highly variable hydrochemistry. The groundwater recorded a wide range in 

TDS. For the major anions, the chloride is found to be most predominating. Generally, groundwater in Balochistan 

has high concentrations of fluoride, iron and nitrate in many districts. The major elements data were plotted on 

Piper′s diagram for working of hydrogeochemical facies. The pH part of the Durov diagram reveals that 

groundwater in study area is alkaline and electrical conductivity of most of samples lies in the range of drinking 

water standards adapted in Pakistan. From the SAR and conductivity  plot it was found that most of groundwater 

cannot be used on soil without restricted drainage and special management for salinity control. 

 
Keywords: Water quality, Balochistan, Hydrogeological facies, water-rock interaction, Groundwater evaluation. 

 
1.  INTRODUCTION 

The Balochistan province at the southwest of Pakistan was selected as the study area based on the availability of 

data. It is the largest of the country's four administrative provinces in terms of area with about 347.00 km
2
, 

constituting approximately 44% of Pakistan′s total land mass. The area is located between latitudes 24.83° to 

32.078° north and longitudes 60.87° to 70.26° east, as shown in the location map given in Figure 1. It is the eastern 

extension of the Iranian Plateau with high to moderately high mountain ranges, deserts, valleys and plains. The 

elevation of the province increases from very low in the extreme south at the coastline with the Arabian Sea to the 

mountains range in the north which about from 1000 to 2500 m in height. Ecologically, the province can be divided 

into three zones, the northern highland region which is characterized by cold winters with snowfalls and frosts and 

mild summers with average rainfall from 250 to 400 mm. the second region is the south-western desert which 

experiences hot summers above 51C and mild winters with average annual precipitation ranging from 50 to 

200mm. the third region is the coastal zone with mild summers and winters and annual precipitation ranging from 

150 to 200mm. 

The population of Balochistan province is around 9.15 million persons (2010) and it is estimated to become 20.39 

million in 2050. Due to improved standards and lifestyles of  the growing population the total domastic water 

demand is expected  to increase from 531 million cubic meters (mcm) in the year 2010 to 1353.59 mcm in the year 

2050 (Kahlown, and Majeed, 2004). Due to growing industry in cities and increasing urbanization, water demand is 

growing and will need to depend largely on the groundwater. This continued exploitation of groundwater results in 

declining water table and deterioration in water quality. In the important basins of upland Balochistan groundwater 

levels are declining at an alarming rate of 2 to 3 meters annually (Syed M.K. et al, 2010). According to Balochistan 

Conservation Strategy (GOB and IUCN Pakistan, 2000), at the current rate of use within the next 50 years, over 

90% of all available water sources and groundwater reserves will be fully used. It is imperative to prepare 

inventories on quality and quantity of groundwater for its suitable exploitation. 
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Figure 1: Location map showing groundwater Samples in Balochistan 

 

 

1.1. Hydrogeology 

Rocks exposed ranging in age from Permian to the Recent are widely distributed in Balochistan, which is 

stratigraphically divided into three major zones namely the calcareous zone, the Arenaceous zone and the Eruptive 

zone. The calcareous zone forms the eastern part of the province. The Eruptive zone covers the northern side, while 

the remaining part of province between these zones comprises the Arenaceous zone. A forth one is structural zone 

(the axial belt one) and includes a part of both the calcareous and Arenaceous zone.  

Groundwater in Balochistan occurs both in consolidated and un consolidated aquifers in all basins and sub-basins, 

and generally flows from catchment boundaries to the axis of valleys and then follows the general trend of surface 

drainage. Extreme limits of water table vary from less than 1 to over 100 meters but typically range from 5-50 

meters (MOE, 2009). Groundwater is the principal source of total water supply in the province. It generally found 

trapped in the Alluvial Fans and Piedmont Plains. Natural springs are present along mountains slopes and under the 

traditional system, water is brought to the surface through dug well and karezes (underground tunnels interspersed 

with vertical shafts). These systems, though very important means of water development do not function for long 

times due to the declining groundwater levels in many parts of Balochistan, and they have been replaced by tube 

wells which are operated by diesel engines or electric pumps.The less available rainfall in Balochistan province than 

the total crop water requirement has to be met by groundwater abstractions. The groundwater abstractions has been 

reported (GoP, 2002) as 0.6 BCM (0.5 MAF) by about 25,734 private and public water supply tube wells. The 

cultivated land and the number of tube wells have increased rapidly over the two decades (ASoP, 2009) Figure 2. 

This results the area is now facing the problem of depleting groundwater table at the rate of more than four to five 

meters annually in many of its aquifers and hence tubewells drying is a common phenomenon (Syed. et al,  2010). 
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Firure 2: Growth of Tubewells in Balochistan 

 

 
2. MATERIAL AND METHODS 

All groundwater contains salts in solution that are derived from the location and past movement of the water. To 

establish quality criteria, measures of chemical, physical and biological, as well as standard methods of reporting 

and comparing results of water analyses must be specified. The aim of the hydrochemical studies is to describe the 

geochemical properties and principles that control the behaviour of dissolved constituents in water and establish the 

distribution of some contaminants aquifers which some times subjected to contamination as a result of human 

activities. The quality of a water supply depends upon its purpose; thus, the needs of drinking, industrial and 

irrigation water vary widely.  Representative groundwater samples from the 29 Districts of Balochistan Province 

aquifer were obtained from 120 tube wells selected on the basis of geographical distribution. This study contains a 

brief description of the chemical data to represent in the way that graphs speak by them selves. Graphs can aid in 

comparing analysis and for emphasizing similarities and differences, including the suitability of water for a given 

usage, studies of mixtures of water of different sources, determination of changes in quality, and indentifying 

chemical processes occurring as groundwater moves. Aquachem and ArcGIS9.1 software programs have been used 

to manage, create and graphically display the water quality data.  

 

 2.1.   Water Samples Preservation and Laboratory Analysis 

From the studied area, the selected wells are used for drinking, irrigation and domestic use. All the water samples 

were analyzed for 14 physical and chemical water quality parameters including: pH, EC, T, iron, fluoride and major 

cations (calcium, carbonate, magnesium sodium and potassium) and major anions (chloride, sulfate, Nitrate and 

bicarbonate) in laboratory of Pakistan Council of Research in Water Resource (PCRWR) using Standard Methods 

for the Examination of Water as shown in Table  1. 
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Table 1: Methods Used for Water Samples Preservation and Analysis 

 (Lenore S., et al,1998) 

Sr. # PARAMETERS ANALYTICAL METHOD 

1.  Bicarbonate(mg/l) 2320, Standard method (1992) 

2.  Calcium (mg/l) 3500-Ca-D, Standard Method (1992) 

3.  Chloride (mg/l) 
Titration (Silver Nitrate), Method 4500- B  Standard Method 

(1992) 

4.  Carbonate(mg/l) 2320, Standard method (1992) 

5.  Fluoride (mg/l) 4500-F C.ion-Selective Electrode Method Standard method (1992) 

6.  Iron (mg/l) TPTZ method(HACH Cat.26087-99) 

7.  Magnesium (mg/l) 2340-C, Standard Method (1992) 

8.  Nitrate (mg/l) Cd. Reduction (Hach-8171) by Spectrophotometer 

9.  pH pH Meter, Hanna Instrument, model 8519, Italy 

10.  Potassium (mg/l) 3500-B, Standard Method (1992) 

11.  Sodium (mg/l) 3500-B, Standard Method (1992) 

12.  Sulfate (mg/l) 
SulfaVer4 (Hach-8051) by Spectrophotometer  

Method-4500-B, Standard Method (1992) ,  

13.  TDS (mg/l) 2540C, Standard method (1992) 

 
3. RESULTS AND DISCUSSION 
The statistical comparison of the range, mean and standard deviations (SD) of concentrations of chemical 

constituents of groundwater samples are given in Table 2. The chemical analyses of the groundwater showed large 

variations of dissolved ions concentrations with high salinity in some samples. The standard deviations for iron, 

potassium and carbonate are greater than their averages due to the large variations for these constituents. Electrical 

conductivity showed large spatial variations between 280 and 3125 μS/cm , with a mean value of 1025.58 μS/cm 

indicating a very wide range of fresh to lightly saline water. 

 

3.1.  Water physical parameters 
The most common physical parameters of water : temperature, pH, electrical conductivity EC and total dissolved 

solids (TDS) have been determined. Temperature affects physical, chemical and biological processes in water 

bodies. As water temperature increases, the rate of chemical processes generally increases and the solubility of gases 

in water such as O2, CO2, N2 and others decrease. The metabolic rate of aquatic organisms is also related to 

temperature (Deborah, 1998).  In studied area, all collected groundwater samples have temperature between 3ºC in 

Burrah at Sibi District and 44ºC in Kotra at Gandawah District. The pH values in the study area range between 6.8 

and 8.75 with mean value of 7.93. 

The very pure distilled water is theoretically insulator due to the absence of any ions which act as charge carriers. 

So, the electrical conductivity EC of the water sample is completely proportional to the TDS value. In studied area, 

groundwater samples have EC values with range from 3125 µS/cm at Gogan Goth in Lasbala District to 230 µS/cm 

at Shareen in Ziarat District. For assessment of spatial variation in water quality, water samples were processed and 

plotted in (ArcGIS 9.1, 2009). EC distribution map is given in Figure 3. The Figure indicates low values of EC in 

the middle and northern areas of  Balochistan  and with gradient increases toward the south and  northern-east 

regions. The highest value is found with highest salt concentration in Lasbala District at the coast line with the 

Arabian Sea. 
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Table 2: Statistical comparison of the physical and chemical  

parameters of 120 groundwater samples 

    Constituents max min Mean SD 

pH 8.75 6.8 7.928483 0.348012 

EC (μS/cm) 3125 230 1025.58 435.994 

Fe (mg/l) 1.82 0 0.146891 0.293465 

Na
+
(mg/l) 253 4 115.0045 58.94565 

K
+
 (mg/l) 39 0.06 4.92125 5.049025 

Ca
2+

 (mg/l) 284 8 62.98333 44.21224 

Mg
2+

 (mg/l) 175 1.22 31.05508 26.88637 


3HCO (mg/l) 900 25 219.5083 113.1153 

CO3
2- 

(mg/l) 58 0 1.875 6.771868 

Cl
-
  (mg/l) 749 14.15 140.3207 99.47855 

2
4SO (mg/l) 265.07 0 131.1395 64.92698 

NO3(mg/l) 15.88 0.22 5.65 3.513039 

F (mg/l) 4.89 0 1.040697 0.995556 

T (C) 44 3 26.93 5.89 

 
3.2.   Water Chemical Parameters  

The abundance of major ions largely depends upon the nature of rocks, climatic conditions and mobility. The ion 

distribution is also influenced by the infinite complex surface and subsurface physicochemical environments 

(Aghazadeh and Mogaddam, 2010). To asses these geochemical processes the collected water samples are 

chemically analyzed for the major cations (Na
+
, K

+
, Ca

2+
 and Mg

2+
) and major anions (Cl

-
, SO4

2-
, No3

-
and HCO3

-
)  

in addition to Fe and F- which are naturally very variable due to local geological, climatic and geographical 

conditions. The distribution of major cations and anions in Balochistan Province is briefly summarized in Figure 4. 

 
Figure 3: Electrical Conductivity distribution in Balochistan 

 
 



IJRRAS 17 (2) ● November 2013 Ghoraba & Khan ● Hydrochemistry & Groundwater Quality Assessment 

 

 
 

190 

 

Sodium is the most important and abundant of the alkali metals in natural waters to which the salinity of the 

groundwater is directly related. Sources of sodium (Na
+
) are halite (NaCl), sea spray, hot springs, brines and some 

silicates or rare minerals such as nahcolite (NaHCO3). In groundwater source of sodium content is greatly dependent 

on the rock type of aquifer. Generally most sodium results from natural ion exchange.  Figure (4-a) shows that the 

highest sodium concentration is 253 mg/l in Lasbala District. The higher contents of calcium and magnesium in 

water are due to gypsum and anhydrite dissolution in the circulating waters. The maximum values of calcium and 

magnesium in the study area are 284 and 175 mg/l recorded at Kohlu and  Dera Bugti respectively Figures (4-b & 

d). 

The common sources of chlorides are halite (NaCl), sea spray, brines and hot springs. High concentrations of 

chloride can occur near sewage and other waste outlets. Chloride ion cause severe problem in the crops at 

concentration >350 mg/l (Hopkins et al., 2007). In the present study, for groundwater samples the distribution map 

of chloride (Fig. 4-g) shows that chloride concentrations are high at the south-eastern part in Lasbala District about 

250 mg/l where is mainly due to the effect of salt water invasion. 

Sulphates occur naturally in numerous minerals. Gypsum (CaSO4.2H2O) and anhydrite (CaSO4) are generally the 

common sources of sulphate. The sulphate content increases in water with increase of salinity content. Water 

containing more than 1000 mg/l sulfate are harmful for plants (Sagnak, 2010). The sulphate distributions in 

groundwater samples are shown in Figure (4-e). It illustrates that the maximum value sulphate is 265.07 mg/l 

located at Pishin district. 

Nitrate is a major problem in some shallow aquifers and is increasingly becoming a threat to groundwater supplies. 

There are numerous sources of nitrogen in groundwater systems. Most of them are strongly influenced by human 

activities. Nitrogen fertilizers are widely used in agricultural practice, organic nitrogen is present in number of waste 

products, notably sewage effluents, animal excrement and manure and municipal wastes. The nitrate concentration 

in groundwater samples are higher than 10 mg/l  in 9 different  districts . The maximum value is 15.88 mg/l which is 

recorded in Dera Bugti Figure (4-f). 

Most bicarbonate ions in groundwater are derived from carbon dioxide in the atmosphere, carbon dioxide in the soil 

and dissolution of carbonate rocks. Bicarbonate is an ion that is common to all natural waters because all 

bicarbonates are water soluble. The distribution of bicarbonate in study area is illustrated in Figure (4-h). 

Generally, groundwater in Balochistan has high values of iron and floride. Figures (4-i&j) show that the maximum 

value of iron is 1.82 mg/l recorded at Gawadarand and 3.87 mg/l for floride detected in Nasirabad. 

 

 

 

  

(a) Na
+
 concentration (mg/l) (b) Ca

2+
 concentration (mg/l) 
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(c) K
+ 

Concentration ( mg/l) (d) Mg
2+

 Concentration(mg/l) 

  

(e) SO4
2- 

Concentration ( mg/l) (f) NO3 Concentration ( mg/l) 

  

(g) Cl
-
 Concentration ( mg/l) (h) HCO

3- 
Concentration ( mg/l) 



IJRRAS 17 (2) ● November 2013 Ghoraba & Khan ● Hydrochemistry & Groundwater Quality Assessment 

 

 
 

192 

 

  

(i) Fe Concentration ( mg/l) (j) F Concentration ( mg/l) 

 
Figure 4 : Distribution of Concentration of Major Anions and Cations in Balochistan Groundwater 

 

4. GRAPHICAL PRESENTATION OF HYDROCHEMICAL DATA 
During circulation of water in rocks and soils, ions leached out and dissolve in groundwater. The geological 

formations, water-rock interaction and relative mobility of ions are the prime factors influencing the geochemistry of 

the groundwater (Yousef et al.,2009). Because of chemical analysis results of water in form of tables may be 

difficult to interpret. The graphic representations are used to discuss the water-rock interaction in the study area. 

Hydrogeological facies were worked out by developing Scholler, Stiff, Piper and Durov diagrams. 

4.1. Schoeller and Stiff Diagrams 

Geochemistry of groundwater is discussed by means of its major ions. Stiff (1951) diagram is a graphical 

representation of the different water ions.  The average ionic composition analysis by stiff diagram shown in Figure 

5  signifies dominance of  Na-Cl, while Ca-HCO3 and Mg-SO4 are nearly equal in proportion. Schoeller (1977) 

diagram is also used to present average chemical composition of Balochistan groundwater. The relative tendency of 

ions in mg/l shows Na>Ca>Mg>K  and HCO3> Cl >SO4. 

 

Figure 5:  Schoeller diagram showing average composition of major cations anions in mg/l and meq/l of the 

groundwater of Balochistan. Stiff diagram is shown at right side 
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4.2.  Trilinear Diagram (Piper Diagram) 

Piper Diagrams (Piper, 1944), are a combination anion and cation triangles that lie on a common baseline.diamond 

shape between them can be used to make a tentative conclusion as to the origin of the water represented by the 

analysis and to characterize different water types. Piper divided waters into four basic types according to their 

placement near the four corners of the diamond. Water that plots at the top of the diamond is high in Ca
2+ 

+ Mg
2+

 

and Cl
- 
+ SO4

2-
, which results in an area of permanent hardness. The water that plots near the left corner is rich in 

Ca
2+ 

+ Mg
2+ 

and HCO3
-
 and is the region of water of temporary hardness. Water plotted at the lower corner of the 

diamond is primarily composed of alkali carbonates (Na
+ 

+ K
+ 

and HCO3
-
 + CO3

2-
). Water lying nears the right-hand 

side of the diamond may be considered saline (Na
+ 

+ K
+ 

and Cl
- 
+ SO4

2-
). 

 

The Balochistan groundwater samples are plotted in Piper Diagram by AquaChem Figure 6. The figure shows five 

different groups of samples that have been summarized in table 3 .  Most of  samples, about 43% occupy middle 

upper  side of the diamond shape. This group indicats mixed water  (chloride-calcium and chloride magnesium  

water type). 36% of  samples occupy the upper corner of the diamond shape, where these samples belong to calcium 

cloride water type). 

 

 

 

 

Figure 6: Piper Diagram depicting  hydrogeochemical facies of Balchistan groundwater 
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Table3: Hydrogeochemical Facies as Worked out by Piper Diagram 

Facies Type Sampling  station/distrcts  No.s of samples Percentage (%) 

(1) CaHCO3 
Mastung, Khazdar, Nasirabad, Ziarat, 

Nuskhi, Jaffarabad,  Kalat, Sibi 
15 13 

(2) NaCl 
Loralai, Khazdar,Barkhan,Lasbala, Pishin, 

Killa Abdullah, Musakhail 

12 10 

   

(3) 

Mixed Ca Na HCO3 

Khazdar,  Mastung, KillaSaifullah 5 4 

(4)  

Mixed Ca Mg Cl 

Loralai, Zhob, Khazdar,Sherani, Ziarat,, 

KillaSaifullah, JhalMagsi,Killa 

Abdullah,Kech, Barkhan, Sibi, Quetta, 

Kohlu, Washuk, Awaran, Kalat, 

Nasirabad, Bolan, Panjgoor, Kharan. 

52 43 

 Zhob,, KillaSaifullah, JhalMagsi, Killa 

Abdullah,Kech, Washuk, Kalat, 

Panjgoor,Chaghi, Pishin, DeraBugti, 

Gawadar. 

36 30 

(5)  

        CaCl 
  

(6) Na HC03 
- -    0 0 

Total     120 100 

 

4.3. Durov Diagram 

Durov, (1948) introduced another diagram which provides more information on the hydrochemicalfacies by helping 

to identify the water types and  it can display some possible geochemical processes that could help in understanding 

quality of groundwater and its evaluation. The diagram is a composite plot consisting of 2 ternary diagrams  where 

the cations of interest are plotted against the anions of interest;  sides form a binary plot of total cation vs. total anion 

concentrations ; expanded version includes electrical conductivity (µS/cm) and pH data  added to the sides of the 

binary plot to allow further comparisons.  

 

 The Durov Diagram for the major cations and anions was plotted using AquaChem software as given in Figure 7. 

The Duorv plot for Balochistan groundwater samples indicates that most of the samples are in the phase of mixing 

,dissolution with few in reverse ion exchange. The pH part of the  plot reveals that gropundwater in study area is 

alkaline which is preffered for drinking. The electrical conductivity of most of groundwater samples lies in the range 

of drinking water standards adapted in Pakistan. 
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Figure 7: Durov Diagram depicting geochemical processes in Balochistan groundwater 

 

5. GROUNDWATER QUALITY 

The quality of water is very important to the mankind, because it has a direct link with human welfare. The data on 

chemistry of the groundwater have been used for the evaluation of quality of water for drinking and irrigation 

purposes. 

5.1.  Water Quality for Drinking Purposes.  

Water for human consumption should be undergone regular physical, chemical and bacteriological tests. Physical 

properties, such as taste, color and smell are high priorities in determining acceptability, although they may have 

little bearing on whether the water is safe to drink or not. Also, harmful microorganisms should be virtually absent 

for protection of the public health. Chemical analysis determine the type and importance of various chemicals 

present in water. Generally, the standards used to evaluate the suitability of water for drinking and domestic 

purposes are more restrictive than those that would be applied to water for other purposes. 

The maximum permissible limits that suggested by World Health Organization (WHO,2011) has been included in 

Table 4. Numbers of samples with contents more than the permissible limit and their location in study area have also 

been given. 

It is observed from this table that, out of 120 groundwater samples, only 5 samples have shown TDS values more 

than maximum permissible limit of 1000 mg/l. As also seen, 25 samples have shown Floride values over the 

maximum permissible limit of 1.5 mg/l and 13 samples have nitrate  concentration  higher than the permissible limit. 

Generally, the groundwater in the most of study area are suitable for drinking purposes except some few places. 

 

Figure 8 presents a general comparison between the mean of inorganic constituents of collected groundwater 

samples and the allowable limits for the use of this water for drinking according to WHO (2011) guide lines. The 

figure shows that the groundwater samples are categorized as good for human drinking. 
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Table 4: The standards for chemical quality of drinking water along with ranges of 120 groundwater samples 

obtained from Balochistan. 

World Heath Organization Data 

Quality Maximum  

Permissible 

No. of samples with 

contents more than the 

maximum permissible 

limit (WHO, 2011) 

Sampling station/ distrcts with contents 

more than the maximum permissible 

limit 

TDS(mg/l) 
1000 

5 Lasbala, Kohlu, Sibi 

Na(mg/l) 200 5 Gawader, Kech, Lasbala, Sibi 

Mg (mg/l) 150 2 Sibi, DeraBugti 

Fe(mg/l) 0.3 15 

Jaffarabad, Khazdar, Bolan, 

DeraBugti,Sibi, Quetta, 

Gawader,Kohlu,Loralai 

NO3(mg/l) 10 13 

Killa Abdullah,Sibi,  Nasirabad, 

Khuzdar, Jaffarabad, Bolan,Loralai , 

DeraBugti,Kalat, 

F(mg/l) 1.5 25 

KillaSaifullah, Killa Abdullah,Sibi, 

Quetta, Kohlu,Awaran,  Nasirabad, 

Bolan, Lasbala, Gawadar, DeraBugti, 

Chaghi, Khuzdar, Jaffarabad. 

Cl(mg/l) 250 13 
Lasbala, Gawadar, Killa Abdullah ,Sibi, 

Kech, Chaghi, Washuk 

SO4(mg/l) 250 1 Pishin 

 

 

 

Figure.8: Suitability of the analyzed water samples for human drinking  

according WHO (2011) guidelines 
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5.2. Water Quality for Irrigation Purposes.  

The suitability of water for irrigation depends on the effects of the mineral constituents of water on both the plant 

and the soil (Raihan and Alam,2008) . Salts may harm plant growth physically by limiting the uptake of water 

through modification of osmotic processes, or chemically by metabolic reactions such as those caused by toxic 

constituents. Irrigation of food crops presents a possible risk to food consumers if the quality of irrigation water is 

inadequate. The salinity of water suitable for irrigation also depends on the composition of soil, permeability of soil, 

the topography of the land, the amount of water used and methods of applying it, the kinds of crops grown, the 

climate of the region and the nature of the groundwater and surface water drainage system. In this study, the 

discussion of water quality for irrigation is mainly based on the following factors: 

 
5.2.1 Sodium Adsorption Ratio (SAR) 

The relation between Na and Ca+Mg ion content affects to great extent the physical properties of soil. This relation 

can be expressed by sodium adsorption ratios (SAR). The ratio estimates the degree to which sodium will be 

adsorbed by the soil. High value of SAR implies that sodium in the irrigation water may replace calcium and 

magnesium ions in the soil, potentially causing damage to the soil structure. It is defined by: 

                                  Na
+
 

SAR      =                                            (Richards, 1954)         

                        √ (Ca
2+

+Mg
2+

)/2 

 

Where the ion concentrations are expressed in equivalent per million (epm).Two indices used to show the suitability 

of water for irrigation are SAR and specific conductance. The SAR is related to the sodium hazard; the specific 

conductance is related to the salinity hazard. These two indices are combined to make the 16 classifications shown 

in Figure 9.  

 

Figure9: U.S. Lab. Classification of irrigation water 

       (Richard, 1969, after Wilcox, 1955) 

It is the most common nanograph used in evaluating the suitability of water for irrigation by United States Salinity 

Laboratory.  

Salinity hazard dividing points are 250, 750 and 2250 μmoh, resulting in four categories: Low salinity water  (C1), 

Medium salinity water  (C2), High salinity water  (C3) and Very high salinity water  (C4). 
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The sodium hazard is a function of both SAR and salinity. According to SAR values the sodium hazard dividing 

points are 10, 18 and 26 epm and resulting in four categories: Low sodium water (S), Medium sodium water (S2), 

High sodium water  (S3) and Very high sodium water (S4). 

 

The Wilcox diagram in Figure 8 shows that About 55 % of groundwater samples are located in C4-S1 class with  

very high salinity and low sodium hazard and about 44 % of the samples fall into C4-S2 class with very high salinity 

and medium sodium hazard. This water cannot be used on soil without drainage and special management for salinity 

control. Plants with good salt tolerance should be selected.  

 

6. CONCLUSIONS 

During last decades Pressure on groundwater was increased continuously with population and water demands. In the 

present study, 120 ground water samples were collected from 29 Districts of Balochistan Province at the southwest 

of Pakistan. Interpretation of hydro-chemical analysis reveals that: 

-The pH values range between 6.8 and 8.75 with mean value of 7.93and EC values  range from 3125 µs/cm in 

Lasbala District to 230 µs/cm in Ziarat District. 

-Geochemistry of groundwater displays Na>Ca>Mg>K  and HCO3> Cl >SO4 trend. 

-The major elements data were plotted on Piper′s diagram indicated that, five hydrogeochemical type facies were 

indentified . 43% of samples are mixed Ca Mg Cl water type and 36% of them belong to CaCl water type. 

 

-The Duorv plot for groundwater samples indicates that most of the samples are in the phase of mixing ,dissolution 

with few in reverse ion exchange. 

-Comparisons of data with (WHO 2011) standards for drinking water indicate that the groundwater in the most of 

study area are suitable for drinking purposes except some few places. Out of 120 groundwater samples, only 4 

samples have shown TDS values more the maximum permissible limit, 25 samples have Floride values over the 

maximum permissible and 13 samples have high nitrate  concentration . 

 

-The Wilcox diagram shows that about 55 % of groundwater samples and are located in C4-S1 class and about 44 % 

of the samples fall into C4-S2 class. This water cannot be used on soil without restricted drainage and special 

management for salinity control. 

 

7. RECOMMEDATION 

1- Environmental Isotopes technique is suggested to trace the sources of high nitrate concentration in 

groundwater. 

 

2- Solute transport model should be developed for prediction of saline water intrusions and  for different 

scenarios of pumping of aquifer at different depths 
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