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Abstract 
In order to characterize, classify and evaluate the suitability of groundwaters for irrigation in 
Zilan and Bendimahi basins hydrochemical assessment was conducted. In this paper, 
hydrographical methods were used to characterize water quality of groundwaters in Zilan and 
Bendimahi basins. Water chemical composition was studied by collecting 36 groundwater 
samples (6 samples in Zilan basin and 30 samples in Bendimahi basin). In content of this paper, 
% Na, sodium adsorbsion ratio (SAR), residual sodium carbonate (RSC), permeable index (PI), 
Kelly ratio, magnesium hazard (MH) and boron concentration were investigated. The quality 

ratio (SAR) and in C1S1 water class. Waters in 
Zilan basin have under the 2.5 meq/l in terms of carbonate and bicarbonate hazard RSC 
(residual sodium carbonate) and it shows that they are suitable for irrigation. 66 percent of 
waters in Zilan basin is in Class I and it is suitable for irrigation according to permeable index 
(PI), usable for irrigation according to Kelly ratio and it is suitable in terms of magnesium 
hazard (MH) because of MH values are lower than 50 for a lot of samples. The quality 
assessm

-
ratio (SAR) and 

in C1S1 water class. Much water in Bendimahi basin have under the 2.5 meq/l in terms of 
carbonate and bicarbonate hazard RSC (residual sodium carbonate) and it shows that they are 
suitable for irrigation. 90 percent of waters in Bendimahi basin is in Class I and it is suitable 
for irrigation according to permeable index (PI), usable for irrigation according to Kelly ratio 
and it is suitable in terms of magnesium hazard (MH) because of MH values are lower than 50 
for a lot of samples (percent of 70). Various irrigation indices show good to permissible use of 
groundwater in agricultural activities. 
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Introduction
Each passing day, people need more water resorces especially for drinking and irrigation. To 
meet the growing demand of water for domestic, industrial and agriculture sector, exploration 
of alternative source of water especially for use in agriculture is important. So, irrigation water 
quality must be examined carefully. Moreover, the crop productivity is associated with the 
quality of soil and the quality of the water available for irrigation. Normally, investigation of 
irrigation water quality should focus on salt content, sodium concentration, the occurence of 
nutrients and trace elements, alkalinity, acidity, and hardness of the water. Water quality for 
agricultural purposes is determined on the basis of the effect of water on the quality and yield 
of the crops, as well as the effect on soil characteristics (Ayers and Westcot 1985). Quality of 
irrigation water is determined by its chemical composition and the conditions of use. 
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The main objective of this paper is to characterize water quality of groundwaters in Zilan and 
Bendimahi basins. In this study, % Na, sodium adsorbsion ratio (SAR), residual sodium 
carbonate (RSC), permeable index (PI), Kelly ratio, magnesium hazard (MH) and boron 
concentration were investigated in Zilan and Bendimahi basins. Also, electrical conductivity 
(EC), SAR and RSC were evaluated together for determining the salinity. Moreover, total 
dissolved solids (TDS), SAR, RSC and boron concentrations were evaluated together for 
purpose of determine water classes. 

Study area 
The study area has been located in eastern part of the Turkey, in Zilan basin and Muradiye 

o - 39o o - 43o .
1 2, respectively. In 
Zilan basin, mean precipitation for 53 years (between 1960 and 2012) is 659.51 x 106 m3 and 
in Bendimahi basin mean precipitation for 53 years is 849.15 x 106 m3. The summer 
temperature touches 20  25 oC and winter temperatures ranges around -8    +5 oC.

Figure 1. Location and sampling points map of study area. 

Material and Methods 
To understand the water quality of the study area, field works, laboratory analysis and data 
treatment carried out. Water chemical composition was studied by collecting 36 groundwater 
samples (6 samples in Zilan basin and 30 samples in Bendimahi basin) (Fig. 1). General 
parameters such as pH, EC and TDS were measured immediately at the time of sampling using 
a multi parameter ion meter. The physicochemical parameters were determined using the 
standard analytical methods (APHA 2005). 
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Also, the analytical precision for the accurate measurements of ions was determined by 
1999). 

E -

Study area, geological map and spatial distribution maps of parameters were prepared with the 
help of GIS based computer programmes. 

Results and Discussion 
Cation and Anion Chemistry 
Among major analysed cationic concentrations (mg/l) in Zilan basin there are calcium (in 5 
samples) and magnesium (in 1 sample) ions dominantly. Calcium is the dominating ion ranges 
21.59 104.11 (mean 61.17) and magnesium ranges 1.40 30.23 (mean 15.10). Groundwaters 
in Bendimahi basin have calcium (in 20 samples), magnesium (in 6 samples) and sodium (in 4 
samples) concentrations dominantly. Calcium ion concentrations range 10.20-170.63 (mean 
65.92) and followed by magnesium ion concentrations range 0.41-148.27 (mean 35.52) and 
sodium ion concentrations range 4.24-1008 (mean 119.55). Bicarbonate is the only major anion 
in Zilan basin. Bicarbonate concentrations range 90-430 (mean 220.58). Among major 
analysed anionic concentrations (mg/l) in Bendimahi basin there are bicarbonate (in 24 
samples), sulfate (in 5 samples) and chloride (in 1 sample) ions dominantly. Bicarbonate is the 
dominating ion ranges 2.30-1644 (mean 405.13) and followed by sulfate ranges 3 476 (mean 
78.23) and chloride ranges 0.50-1440 (mean 110.77). Order of ionic abundance and water types 
of samples are in Table 1. 

General Parameters 
Physical parameters were analyzed for groundwater samples have been summarized in Table 
2. pH is a measurement of activity of the free, un-complexed hydrogen ion which may lead to 
precipitation, co-precipitation and sorption processes that alter the chemical composition and 
reaction rates. pH ranges between 6.8 and 9.0 (mean 8.1)  which depicts slightly alkaline nature 
of groundwater. Total hardness (mg/l as CaCO3) of groundwater is ranging from 41.6 to 1494.4 
(mean 422.1). Total hardness has high levels in the study area. High Ca, Mg and HCO3  in 
groundwater are the probable reason for the hardness in basins. Conductance measurement 
provides an indication o
522.3). TDS (total dissolved solids) (mg/l) ranges between 218.5 and 1978.9 (mean 622).  

Suitability for irrigation purposes 
The values of hydrochemical parameters of groundwater used to determine irrigation suitability 

evaluated with graphics and tables.  

Sodium percent (% Na) 
Sodium concentration is important in classifying irrigation water because it reacts with soils to 
reduce its permeability (Wilcox 1948). The high Na% might be due to long residence time of 
water, dissolution of minerals from lithological composition and chemical fertilizers (Latha 
and Rao 2012). Sodium content is usually expressed in terms of percent sodium (%Na). % Na 
is calculated that formula: 

% Na = (Na+K) / (Ca + Mg + Na + K) x 100 
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and the highest value is numbered 1 (25.28 %) in the Yukar

for irrigation purposes showed 
-

terms of sodium percentage (% Na) in Bendimahi basin. 

Table 1. Order of ionic abundance of groundwaters in Zilan and Bendimahi basins. 
Sample 
Number Location Water Type 

1 Zilan Basin- 
-

Cl Mg-Ca-HCO3-SO4 

2 Zilan Basin - 
-

Cl Ca-Mg-HCO3 

3 Zilan Basin  - Hasanabdal V. 
-

Cl Ca-Mg-HCO3 

4 Zilan Basin  - Hasanabdal V. 
-

Cl Ca-Mg-HCO3-SO4 

5 Zilan Basin  - 
-

Cl Ca- HCO3- SO4 

6 Zilan Basin - .
-

Cl Ca- HCO3- SO4 

7
Bendimahi Basin - Muradiye-
V.

-
Cl Ca-HCO3 

8 Bendimahi B. - Muradiye-
-

Cl Ca-Mg-HCO3 

9 Bendimahi B. - Muradiye- Topuzarpa V. 
-

Cl Ca-Mg-HCO3 

10 Bendimahi B. -Muradiye-
-

SO4 Ca-Mg-HCO3 

11 Bendimahi B. -Muradiye- 
-

Cl Ca-Mg-HCO3 

12 Bendimahi B. -Muradiye- 
-

Cl Ca-Mg-SO4 

13 Bendimahi B. -Muradiye- Town Center 
-

Ca-Mg-HCO3-SO4 

14 Bendimahi B. - -
- Ca- Na- SO4 - 

HCO3 

15 
Bendimahi B. - - Kalkandelen 
V.

-
Cl Ca-Mg-HCO3-SO4 

16 Bendimahi B. - -
-

Cl Na-HCO3 

17 Bendimahi B. - -
-

Cl Na-HCO3 

18 Bendimahi B. - an - Yeniyaka V. 
-

Cl Ca-Mg-HCO3 

19 Bendimahi B. - - Alikelle V. 
-

Ca- Na- SO4 

20 Bendimahi B. - - Kilimli V. 
-

Cl Ca-Mg-HCO3-SO4 

21 Bendimahi B. - - Kilimli V. 
-

Ca- Na- SO4 

22 Bendimahi B. - - Salhane V. 
-

Cl Ca-Mg-HCO3 

23 Bendimahi B. - - Evciler V. 
-

Cl Ca-Mg- Na- HCO3 
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24 Bendimahi B. - - Evciler V. 
-

SO4 
Mg - Ca- Cl- 
HCO3 

25 Bendimahi B. - -
-

SO4 Na-HCO3 

26 Bendimahi B. - Muradiye - 
-

SO4 Ca-Mg-HCO3-Cl 

27 
Bendimahi B. - Muradiye - Kocasaban 
V.

-
Cl 

Mg - Ca- Na- 
HCO3 

28 Bendimahi B. - Muradiye - 
-

Cl Ca-Mg-HCO3 

29 
Bendimahi B. - Muradiye - 
Cakmak. 

-
Cl 

Ca - Na- Mg - 
HCO3 

30 Bendimahi B. - -
-

Ca-Mg-HCO3-SO4 

31 Bendimahi B. - -
-

SO4 Mg - Ca- HCO3 

32 Bendimahi B. - - Kilimli V. 
-

Na-Ca- SO4 

33 Bendimahi B. - -
-

SO4 
Mg - Ca- Na  - 
HCO3 

34 Bendimahi B. - - Doyumalan V. 
-

SO4 
Ca- Mg- HCO3- 
Cl-SO4 

35 Bendimahi B. - -
-

SO4 Mg - Na- HCO3 

36 
Bendimahi B. - -
V.

-
SO4

Mg - Na - Ca - 
HCO3 

*V. Village, B. Basin. 

Table 2. Statistical summary of physical parameters and water indices in Zilan and 
Bendimahi basins. 

Parameters 
Zilan Basin Bendimahi Basin 

Range Mean Range Mean

pH 7.76 - 9.00 8.54 6.80 - 8.81 8.05 
Electrical Conductivity- EC 

55.00 - 624.00 272.03 88.90 - 1979.00 572.31 

59.06 - 707.82 312.49 92.43 -2523.69 661.79 

TDS (mg/l) 
218.53 - 
1088.90 603.99 224.11 -1978.90 625.61 

Total Hardness (mg/l) 
570.31 - 
6659.10 2922.64 906.65 - 22513.44 6170.50 

% Na 7.26 - 25.28 15.01 9.42 - 85.99 35.52 

SAR 0.12 - 0.61 0.30 0.24 - 6.29 1.40 

Kelly Ratio 0.04 - 0.18 0.11 0.06 - 3.69 0.63 

RSC -  1.12 - 0.14 -0.68 _4.04 - 5.38 -0.08 

Magnesium Hazard 2.50 - 53.64 29.35 5.36 - 73.84 39.22 

Permeability Index 42.75 - 59.56 49.84 33.04 - 116.28 59.71 

Sodium and salinity hazard 
Sodium and salinity hazard is usually expressed as (SAR). SAR is calculated that formula: 

Groundwaters were evaluated in salinity-sodium hazard graphic in Figure 2. The lowest SAR 
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ion ratio (SAR) and in C1S1 

region and in C4S2 water class. 

Kelly Ratio 
Sodium measured against Ca and Mg was considered by Kelly (1940) and Paliwal (1967) to 

 excess level of sodium in water which is 
Kelly ratio is calculated that 

formula: 
KR = Na / (Ca + Mg)                                                                                                   

Kelly ratio in Zilan basin changes between 0.04 meq/l and 0.18 meq/l. According to Kelly ratio 
criteria, all groundwaters in Zilan basin is suitable for irrigation. In Bendimahi basin, Kelly 
ratio changes between 0.06 meq/l and 3.69 meq/l. In Bendimahi basin, Kelly ratio is greater 
than 1 for samples numbered (16, 17, 25, 32) and that waters are not suitable for irrigation in 
terms of Kelly ratio. 

Figure 2. Rating of groundwater on the basis of EC and %Na (after Wilcox 1948). 
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Residual Sodium Carbonate (RSC)
The residual sodium carbonate (RSC) was calculated to determine the hazardous effects of 
carbonate and bicarbonate on the quality of groundwater for irrigation purposes (Patel et 
al.2016). A high value of RSC in water leads to an increase in the adsorption of sodium in soil 
(Eaton 1950). According to Eaton (1950), high values of RSC (  2.5 meq/l) shows that waters 
can not be used for irrigation. Residual sodium carbonate is calculated that formula: 

RSC = (CO3  + HCO3) - (Ca + Mg) 

Waters in Zilan basin have under the 2.5 meq/l in terms of carbonate and bicarbonate hazard 
RSC (residual sodium carbonate) and it shows that they are suitable for irrigation. Much water 
in Bendimahi basin have under the 2.5 meq/l in terms of carbonate and bicarbonate hazard 
RSC (residual sodium carbonate) and it shows that they are suitable for irrigation. 

Figure 3. Rating of groundwater in relation to salinity and sodium hazard (after USSL 1954). 

Magnesium Hazard (MH) 
Szabolcs and Darab (1964) had proposed a magnesium hazard for assessing the suitability of 
water quality for irrigation. An increased proportion of Mg relative to Ca increases sodication 
in soils which causes the dispersion of clay particles thus damages soil structure and decreases 
the relative hydraulic conductivity of soils as Mg behaves like Na (Rasouli et al. 2012). If MH 
exceeds the value of 50, the water associated with such a value is considered to be harmful and 
hence is unsuitable for irrigation, because it adversely affects the crop yield (Patel et al. 2016).  
Magnesium Hazard (MH) is calculated that formula: 

MH = (Mg / Ca +Mg ) x 100 
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Waters in Zilan basin are suitable in terms of magnesium hazard (MH) because of MH values 
are lower than 50 for a lot of samples. Waters in Bendimahi basin are suitable in terms of 
magnesium hazard (MH) because of MH values are lower than 50 for a lot of samples (percent 
of 70). 

Permeability Index (PI) 
WHO uses a criterion for assessing the suitability of water for irrigation based on the 
permeability index (Patel et al.,2016). Doneen (1964) has developed the diagram based on the 
PI to classify irrigation waters for soils of medium permeability.
classification, waters with maximum permeability represents Class I and with 75 % of 
permeability represents Class II and % 25 of permeability represents Class III waters. Most 
suitable waters are Class I for irrigation. Permeability Index (PI)  is calculated that formula: 

66 percent of waters in Zilan basin is in Class I and it is suitable for irrigation according to 
permeable index (PI). 90 percent of waters in Bendimahi basin is in Class I and it is suitable 
for irrigation according to permeable index (PI). 

Figure 4. Doneen permeability index plot (Doneen 1964). 

Conclusions
In order to characterize, classify and evaluate the suitability of groundwaters for irrigation in 
Zilan and Bendimahi basins hydrochemical assessment was conducted. Hydrographical 
methods were used to characterize water quality of groundwaters in Zilan and Bendimahi 
basins. Various irrigation indices show good to permissible use of groundwater in agricultural 
activities.
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