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Evaluation of the water quality of the Sirwan River in the Garmian region for 
irrigation purposes using the Irrigation Water Quality Guidelines (IWQG)
Abdulmutalib Raafat Sarhat1,2 and Basim Shakir Al-Obaidi2

Abstract: The water quality index (WQI) is one of the simplest ways of converting complex water quality data into an 
individual value that expresses the state of water quality. The present study aims to assess and classify the quality of water 
in the Sirwan River within Garmian Region for irrigation uses through using the Irrigation Water Quality Guideline (IWQG). 
The IWQG determines the risks of soil salinity and sodicity as well as the risks of water toxicity to various types of crops. 
The water samples were collected from (24) sampling stations in the Sirwan River downstream of Darbandikhan Dam and 
Jalawlaa Sub-district in December 2021. All the samples were analyzed in terms of physicochemical parameters, including 
(Ca+2), (Mg+2), (Na+), (HCO3

-), (Cl-) and (EC). The results indicated that the (IWQI) values ranged from (42.34) to (56.70) 
with an average of (53.7), and most of the stations fall within the high restriction category. This indicates that the water 
quality of Sirwan River is suited for plants with moderate to high salt tolerance, and it can be used in high permeability soils. 
Salinity control practices should be implemented, except in water that contains low concentrations of (Na+, Cl- and HCO3

-).
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Introduction
Water is considered the most invaluable natural resour-

ce, and it plays an indispensable role in the existence of life 
on our planet. Global pollution has increased due to increa-
sing population, urbanization, industrialization and traffic. 
So, there is a need for accurate monitoring, database and 
information regarding water quality. The condition of the wa-
ter is described by the term water quality, which includes the 
biological, physical and chemical characteristics regarding 
its suitability for different purposes.

Domestic waste is responsible for approximately 80% 
of water pollution in developing countries1. Also, misma-
nagement of water resources causes significant issues 
in the quantity and quality of water2. The quality of water 
resources has been deteriorating because of natural and 
anthropogenic activities. The anthropogenic factors include 
mining, waste disposal, animal production and agricultural 
processes, and fertilizers applications3,4. It is significant to 
study surface water bodies in terms of quality. Surface wa-
ter worldwide is used for different purposes such as drin-
king, irrigation and industrial needs. Water quality monito-
ring is a significant part of the water management process. 
Also, data analysis is essential to identify and describe wa-
ter quality problems. Moreover, the water quality monitoring 
process by the water quality index (WQI) is regarded as the 
foundation of water quality management5.

Researchers in the past years proposed many irrigation 
water quality guidelines and classifications. These guideli-
nes are essential; none have been satisfactory due to the 
variety of field conditions. Also, each does not give a com-
prehensive water quality in the rivers or reservoirs. A prac-

tical solution to this issue is utilizing an index that automa-
tically combines all water quality parameters and provides 
an understood and readily description of water. The water 
quality index is considered a straightforward and effective 
tool for evaluating water quality by combining different para-
meters6,7. Thus, it converts the parameters to a single value 
which ultimately expresses the condition of water quality8. 
The water quality index has been used widely to evaluate 
different water sources, including surface and groundwater 
quality in various areas9,10. The concept of WQI relies on 
the comparison of parameters with standard values11. The 
primary aim of this study is to apply Irrigation Water Quality 
Guideline (IWQG) to the Sirwan River to assess its quality 
for irrigation uses. The IWQG has been developed recently 
to evaluate the quality of Iraqi water resources and help Ira-
qi people properly manage water resources.

Materials and methods 

Study area
The Sirwan River is considered one of the main tributa-

ries of the Tigris River, and it covers a distance of more than 
445 km. The study area includes a distance of 80 km, star-
ting from the downstream of Darbandikhan Dam to Jalawlaa 
Sub-district and passing through Kalar City, one of the lar-
gest districts in Sulaymaniyah Governorate. Twenty-four 
sampling stations were selected along the study area, as 
shown in figure (1).
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Sample collection and analysis
The samples were collected from each mentioned 

station in figure (1) in December 2021 in 1-L Polyethyle-
ne bottles, which were rinsed several times before filling. 
The pH and EC were immediately measured on-site using a 
portable pH meter and WTW conductometer. Some anions, 
including sulfite (SO4

-2) and chloride (Cl-), were measured 
by ion selective electrodes (SENTEK) after 24 hours from 
the date of sample collection; however, (HCO3

-) was mea-
sured by titration. The cations (Ca+2, Mg+2, K+ and Na+) were 
measured using induced coupled plasma optical emission 
spectroscopy (ICPOES). The values of cations and anions 
were converted by the (IWQG) into some indices to evalua-
te water quality for irrigation uses.

IWQG software
Irrigation Water Quality Guidelines (IWQG) is a pro-

gram that is set to assess water for irrigation uses according 
to the typical ranges of parameters and indexes according 
to FAO standard 199412 as shown in table (1). It was deve-
loped in 2014 at The National Center for Water Resources 

Management and was lately approved by the Ministry of 
Water Resources13,14. This program calculates water quality 
indicators for irrigation, as shown in table (2).

Applying the irrigation water quality index (IWQG) in-
cludes two main steps. The first is the statistical method or 
analysis of the main parameters, including HCO3

-, Cl-, Na+, 
EC and SAR as the most critical indicators for water quality 
assessment.

The other step is allocating the sub-index quality (Qi) 
and the weight (Wi) for each parameter (ith). The (Wi) va-
lues were determined according to the values of the pa-
rameters in the studied area and the criteria according to 
Ayers and Westcot (1994), as shown in table (3). The to-
tal summation of (Wi) values must equal (1). The following 
equation was applied to calculate the values of (Qi) based 
on the tolerance limits shown in table (4)24.
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Figure 1. Sampling 
stations in the study 
area.

Table 1. Normal ranges of 
chemical parameters in irri-
gation water [15]

Where; (Qimax) is each category's maximum value of 
(qi). (Xij) is the monitored value of the parameter, and (Xinf) 
is the minimum value of the same parameter's category. 
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(Qiamp) is the normal range of the category. (Xamp) is the 
normal range of each parameter within a category.

Then, the final step is calculating the (IWQI) as the fo-
llowing equation. The (IWQI) is ranged between (0-100), 
and its value is unitless.

I
This  is only suitable for plants with high salt tolerance, 

except for water that  contains low concentrations of (Na, Cl 
and HCO3).

It  must not be used for irrigation in normal conditions. 
However, it can be used  occasionally in some exceptional 
cases. Gypsum application is required for water  with low 
salt concentrations and high SAR values. This type of water 
must be  used only in high-permeability soils. To avoid salt 
accumulation, excess  amounts of water should be applied.

Evaluation of the water quality of the Sirwan River in the Garmian region for irrigation purposes using the Irrigation Water Quality Guidelines (IWQG)

Table 2. Irrigation water quality indexes.

Table 3. The values of sub-index quality (Qi) and their weights (Wi) to calculate (IWQG), EC in (µs/cm) and all others in 
(meq.l-1) [24].

Table 4. The characteristics of water quality for irrigation [15]

The IWQI values indicate the acceptability of the water 
for irrigation uses, and its values are divided into five cate-
gories, as shown in table (5). The program calculates the 
ionic accuracy between cations and anions, and the values 
should not exceed 5%25.
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Results and discussion
The results of the studied chemical parameters are 

shown below in table (6) and figure (2).
Potential Hydrogen (pH) is an essential factor that wor-

ks as an indicator of contamination. Changing the pH of wa-
ter increases the pollutants' toxicity; therefore, measuring 
the pH of water is very important. The values of pH in the 
study area varied between (7.19) (and 8.37) with a mean 
of (7.89). ) Based on FAO standards, the acceptable limit 
of pH value for irrigation water is set between (6.5) (and 
8.5). The results were found to be approximately neutral to 
slightly alkaline.

The results show that the electrical conductivity (EC) 
values of the Sirwan River ranged between (0.042) to (0.68) 
ds.m-1. The lowest value of (EC) is at location (1), wherever 
the river enters the Kalar City border. Then, the values gra-
dually increase until the river exits the city border, knowing 
that this increase is not a dangerous indicator. Also, this sli-
ght increase is attributed to wastewater containing higher 
concentrations of salt directly discharged into the Sirwan 
River. The EC mean value is (0.46) ds/m which indicates 
no saline condition of the river water25 and no detrimental 
effects on plants.

The values of Ca+2, Mg+2, K+ and Na+ ranged between 
(61.7), (18.9), (9.8) and (1.1) to (110.3), (50.2), (13.2), (2.1) 
mg.l-1, with average values of (91.58), (32.53), (11.13) and 
(1.74) mg.l-1 respectively. The abundance of the cations or-
der is as follows Ca+2 > Mg+2 > Na+ > K+, where the Ca+2 and 
Mg+2 are the most dominant cations in Sirwan River.

The values of Cl-, SO4
-2 and HCO3

- ranged between 
(45), (74) and (130) to (88.3), (150.4) and (201.4) mg.l-1, 
with average values of (71.62), (120.99) and (181.92) mg/l 
respectively. However, the importance of CO3 was found 
to be very low, so it was neglected. The abundance of the 
anions order is as follows HCO3

- > SO4
-2 > Cl-. The results 

indicated that bicarbonate and sulfite are the dominant 
anions in the study area. A high concentration of bicarbo-

nate is related to rock and water interaction. The cations 
and anions concentrations in the study area were within the 
normal ranges based on (FAO) guidelines.

The results also showed that the values of total hard-
ness (TH) in the study area ranged between (236.75) (and 
438) mg.l-1. The lowest value was recorded at a station (1) 
due to the good quality of water that flows from the Dar-
bandikhan dam and the absence of factories or large ci-
ties in that area. The highest concentration was recorded 
in the station (21) due to the high concentrations of calcium 
and magnesium. Most effluent dump sites are located wi-
thin this area, which discharges directly without treatment. 
The mean value of total hardness (TH) was (365.45) mg.l-1; 
therefore, the IWQG classified the water river as very hard. 
Hard water may cause soil organic matter dissolution. Also, 
it causes clay dispersion which ultimately causes poor soil 
structure, and water movement through the soil will be very 
slowly26.

The cations and anions values were converted into 
some indexes regarding irrigation water quality, as shown in 
table (7) and figure (3).

The SAR is the relative concentration values of cal-
cium, magnesium and sodium. It indicates the influence of 
Ca+2 and Mg+2 concentrations on Na+ accumulation in the 
soil. Thus, a high concentration of Na+ with a low concen-
tration of Ca+2 may lead to a decline in the water within the 
root zone15,27. The values of SAR varied between (0.22) 
to (0.33) mg.l-1 with a mean value of (0.26) mg.l-1; so, Sirwan 
River water is classified under excellent class, and it is sui-
table for irrigation uses. Based on the IWQG software re-
sults, the sodium adsorption ratio (SAR) values indicate a 
low sodium hazard of the Sirwan River water.

Adjusted Sodium Adsorption Ratio (adj.SAR) is an in-
dex that is usually used to determine the risk of alkalinity in 
irrigation water. The adj.SAR values with less than (3) are 
considered a good category; however, the bet will appear 
when the values range between (3-9). The risk becomes 
severe when the values are above (9)15. The results of the 

Table 5. Categories and characteristics of IWQG
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present area showed that the adj.SAR values are varied be-
tween (0.26) to (0.39) with an average of (0.31). Therefore, 
the Sirwan River water is classified under the excellent ca-
tegory, and there is no risk associated with adj.SAR.

The values of sodium percentage (Na%) ranged be-
tween (5.6%) (and 9.73%). These values indicated exce-
llent conditions which never impact soil structure, and the 
plants can increase. However, excess amounts of sodium 
in irrigation water adversely affect soil structure, and the 
plants cannot survive growth easily28.

All irrigation water 'regardless of its sources' contains 
several dissolved salts. These dissolved salts are the lea-
ding indicators determining irrigation water quality due to 
their role in raising the osmotic pressure of soil solution 
and the deterioration of soil properties over the long term of 
irrigation. A table (2) mentioned, the potential salinity index 
(PS) is defined as the summation of chloride and half of the 
sulfate concentrations. The PS values of all the water sam-
ples ranged between (2.14) (and 4.23) with an average of 
(3.53). The values of PS in all the water samples of Sirwan 
River are classified under the safe category. So, it is suita-
ble for all types of soil textures.

Each of (Na+, Ca+2, Mg+2 and HCO3
-) concentrations 

affects water's permeability index (PI) for irrigation uses. 
The PI values of the water samples ranged between (5.2) 
(and 9.21) with a mean value of (6.34). The PI values of all 
the samples are classified under the suitable category. Also, 
these results indicate that the water in the Sirwan River is 
ideal for soil permeability which is not influenced by long-
term irrigation.

Soluble sodium percentage (SSP) is also one of the 
most critical parameters implemented to evaluate irrigation 
water's hazard. The soluble sodium percentage (SSP) va-
lues ranged from (5.6) to (9.73) with a mean value of (6.86). 
The results of (SSP) reflect that all the water samples in the 

river are classified under the good category.
The magnesium hazard (MH) is expressed in terms of 

magnesium hazard or magnesium adsorption rate (MAR), 
which is mentioned in table (2). The magnesium hazard 
computed values of the water in the studied dam ranged 
between (26.16) (and 47.89) with an average of (36.46). 
Based on the results, the water samples are less than (50), 
thus safe and suitable for irrigation.

The Kelly's ratio index (KR) is another way to determi-
ne the risk of sodium on water quality for irrigation uses. It 
also illustrates the potential impacts of sodium on irrigation 
water. According to the results, the Kelly ratio values of the 
water samples varied between (0.05) to (0.1) with a mean 
value of (0.07). These results fall under the (<1) limit and 
are considered suitable for irrigation usage.

Increased the concentration of Na+ in irrigation water, 
thus, causing soil dispersion, and Na+ is replaced with Ca+2 

25. Therefore, the values of Kelly ration for irrigation water 
must not exceed (1) [29] [30]. Based on the results of the 
studied area, all water samples fall under suitable water for 
irrigation, and there is no significant excess of Na in the 
studied area.

Residual sodium carbonate (RSC) is one of the most 
significant parameters in determining the suitability of water 
for irrigation. According to the results of the present study, 
all the RSC values are less than (0). Therefore, the water 
samples of Sirwan River are classified under the excellent 
category for irrigation uses as there are no RSC-associated 
problems.

Irrigation water with high residual sodium carbonate 
(RSC) causes high sodium hazards. Also, alkaline soil (high 
pH) causes infertility in the soil due to Na2CO3 deposition31. 
Excessive values of HCO3 and CO3 in irrigation water cau-
ses reactions with Ca+2 and Mg+2 in the soil solution. This 
will allow the adsorbed Na+ to dominate the clay surfaces.

Table 6. The studied physicochemical parameters.
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Figure 2. Distribu-
tion of (pH, EC, Ca+2, 
Mg+2, Na+, K+, Cl-, 
SO4

-2 and HCO3
-) va-

lues within the study 
area.
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The results of IWQG in more than (58.3%) of the stu-
died sampling stations have high limitations in use for most 
crops, as shown in table (8) and figure (4). Most of the sam-
pling stations located between Kalar District and Jalawalaa 
Sub-district have high restrictions due to discharging sig-
nificant amounts of effluent wastewater into the river daily 
without any treatment. Kalar District is the largest city within 
the study area, and its population is over (250) thousand 
people. Irrigation water with high restriction is suitable for 
plants with moderate to high salt tolerance.

However, approximately (41.7%) of the samples have 
moderate limitations. So, irrigation water with reasonable 
regulations is suitable for plants that have moderate tole-
rance to salts and could be used in average to high per-
meability soils. It is recommended to be used for medium 
leaching of salts. Also, salinity control practices should be 
implemented, except in water that contains low concentra-
tions of (Na+, Cl- and HCO3

-). For water with an EC value of 
more than 2000 dS/m and SAR value above (7), a schedule 
of frequency irrigation should be implemented.This is exam-
ple 2 of an equation:

Conclusions
The Iraqi Irrigation Water Quality Guide (IWQG) has 

been used to evaluate and prove the suitability of water in 

the Sirwan River for irrigation uses. The results of this pro-
gram will help the decision-makers, researchers, experts 
and farmers to design and calculate water quality quickly 
and properly. The values of electrical conductivity (EC) and 
the concentrations of cations and anions in all the study 
locations were within the permissible limits according (to 
FAO). Still, there were slight increases in these values wi-
thin the Kalar City border due to disposing of large amounts 
of wastewater into the river. Also, the results revealed that 
the total hardness exceeded the permissible limits and rea-
ched the degree of extreme hardness in most of the sites, 
and it got more than (350) mg/l in most of the sampling sta-
tions. Moreover, the results of IWQG in most of the studied 
stations have high limitations. Therefore, the water quality 
of Sirwan River is suited to be used in irrigating crops with 
high or moderate tolerance to salt; thus, the farmers in the 
study area must avoid culturing salts-sensitive plants.
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