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ABSTRACT 
This investigation was performed during the dry and wet seasons of 2024, which included water 

chemical analysis for 36 wells in Makhmur District, then classified depending on the mean of 
chemical analysis for both seasons using some international such as USDA classification (1954), 
Wilcox (1954) and Ayres and Westcot classification (1994) relying on ions concentrations and their 
activities. Depending on EC and SAR values the water for (25 ,2.70,61.11and 11.11) % of wells had 
(C3S1, C3S2, C4S1and C4S2) classes before correcting ion pairs and activities respectively; while 
depending on activity of ions, the water for (25,2.70, 44.44, 22.22, 2.70 and 2.70) of wells had 
(C3S1, C3S2, C4S1, C4S2, C4S3 and C4S4) classes. Relying on salinity potential (SP), before 
correcting ion pairs and activities the water for (9, 3and 24) wells had good, moderate, and poor 
categories, after correcting ion pair and activities the water for (4) wells changed from bad to 
moderate class. On the other hand, referring to Ayers and Westcot (1994) and relying on sodium 
adsorption ratio values the water for (14,17 and 5) wells had no restriction, slight to moderate 
restriction and severe restriction of use respectively before ion pair and activities correction. While 
after correcting ion pairs and activities the water for (12,19 and 5) wells had no restriction, slight to 
moderate restriction and severe restriction of use respectively that caused change two wells to 
change from class one to class two. Depending on bicarbonate concentration the water for two wells 
changed from slightly to moderate class to no restriction of use after correcting ion pairs plus 
activities. Decrease in risk of saline water for irrigation due to converting the water classes towards 
the better categories. The main results explained the role of ion pairs and activities in conversion the 
water from class to another then decrease the salinity risk for irrigation use.  
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 پوخته

بیــر له  ٣٦ئهنجامــدراوە، که شــیکاری کیمیــایی ئــاوی بــۆ  ٢٠٢٤ئهم ل̄کۆʁینهوەیه له وەرزی وشکهساʁی و تهڕی ســاʁی 
ـــۆ ههردوو وەرزەکه به  ـــایی ب ـــدی شـــیکاری کیمی ـــی مامناوەن ـــۆل̄نکرا بهپ̄ ـــوو، پاشـــان پ قهزای مهخمـــوور لهخۆگرتب

و پــۆل̄نکردنی  )١٩٥٤(، ویلکــۆکس (١٩٥٤) USDA ک پــۆل̄نکردنی ن̄ــودەوʁهتی وەک پــۆل̄نکردنیبهکاره̄نــانی ههنــد̃
ئــاو بــۆ  SAR و EC به پشتبهســتن به چɇیــی ئــایۆن و چالاکییهکانیــان. بهپ̄ــی بههاکــانی )١٩٩٤(ئایر̃س و و̃ستکۆت 

پ̄ش ڕاستکردنهوەی جــووته  یان ههبووە(C4S2 و C3S1 ،C3S2 ،C4S1) بیرەکان پۆلهکانی % )١١.١١و ٢٥،٢.٧٠،٦١.١١(
، ٤٤.٤٤، ٢٥،٢.٧٠(ئایۆنهکان و چالاکییهکان به ڕ̃ککهوت؛ له کات̄کدا که پشت به چالاکیی ئایۆنهکــان دەبهســت̄ت، ئــاو بــۆ 

ی ههبــووە. به پشتبهســتن به (C4S4 و C3S1 ،C3S2 ،C4S1 ،C4S2 ،C4S3) بیرەکــان پۆلهکــانی )٢.٧٠و  ٢.٧٠، ٢٢.٢٢
بیرەکــان پــۆلی بــاش،  )٢٤و  ٣، ٩(استکردنهوەی جووته ئایۆنهکــان و چالاکییهکــان ئــاو بــۆ ، پ̄ش ڕ(SP) توانای شووتی

بیرەکان له پۆلی خــراپهوە  )٤(مامناوەند و خراپی ههبوو، دوای ڕاستکردنهوەی جووته ئایۆنهکان و چالاکییهکان ئاو بۆ 
و پشت بهستن به بههاکــانی ڕ̃ــژەی  Westcot (1994) و Ayers بۆ مامناوەند گۆڕا. له لایهکی دیکهوە، به ئاماژەدان به

ــۆ  ــد و  )٥و  ١٤،١٧(مژینــی ســۆدیۆم ئــاو ب ــۆ مامناوەن ــوو، ســنووردارکردنی کهم ب بیرەکــان هــیچ ســنووردارکردن̄کی نهب
سنووردارکردنی توندی بهکاره̄نــان به ڕ̃کــکهوت پــ̄ش جــووته ئایۆنهکــان و ڕاســتکردنهوەی چالاکییهکــان. له کات̄کــدا 

بیرەکــان هــیچ ســنووردارکردن̄کی نهبــوو،  )٥و  ١٢،١٩(جــووته ئایۆنهکــان و چالاکییهکــان ئــاو بــۆ دوای ڕاســتکردنهوەی 
سنووردارکردنی کهم بۆ مامناوەند و سنووردارکردنی توندی بهکاره̄نان به ڕ̃ککهوت که بووە هۆی گــۆڕینی دوو بیــر له 

ه پــۆل̄کی کهمهوە بــۆ پــۆلی مامناوەنــد گــۆڕا پۆلی یهکهمهوە بۆ پۆلی دووەم. بهپ̄ی چɇیی بیکاربۆنات ئاو بۆ دوو بیــر ل
بۆ ب̅ سنووردارکردنی بهکاره̄نان دوای ڕاستکردنهوەی جووته ئایۆنهکان لهگهڵ چالاکییهکان. کهمبوونهوەی مهترســی 
ئاوی خوێ بۆ ئــاود̃ری بههــۆی گــۆڕینی پۆلهکــانی ئــاو بهرەو پــۆله باشــترەکان. ئهنجــامه ســهرەکییهکان ڕۆʁــی جــووته 

کییهکانیان ڕوونکردەوە له گۆڕینی ئاوەکه له پۆل̄کهوە بۆ پــۆل̄کی تــر پاشــان کهمکــردنهوەی مهترســی ئایۆنهکان و چالا
 .شووتی بۆ بهکاره̄نانی ئاود̃ری

  وشهی سهرەکی: ئاوی ژ̃ر زەوی، پۆل̄نکردنی ئاو، جووته ئایۆنهکان، چالاکیی، قهزای مهخموور
  

  الخلاصة:
، والــذي شــمل التحليــل الكيميــائي للخــواص الرئيســية ٢٠٢٤لعام الجفاف والرطب اجريت هذه البحث خلال موسمي 

ا في قضاء مخمور ، ثم صــنفت الميــاه اســتنادا الــى متوســط  ٣٦للمياه لـ  ً نتــائج التحليــل الكيميــائي لكــلا الموســمين  بئر
 Ayers and و Richard(1954) , Wilcox (1954)مثل تصنيف  باستخدام بعض التصنيفات العالمية

Westcot(1994) و نســبة  كانت النتائج كالاتي استنادا الى معدل الصفات للموســمين: حســب قــيم التوصــيل الكهربــائي
 C3S1 ،C3S2 ،C4S1(بئرا كانت لها صنف  2.70,61.11and 11.11%, 25) (فإن مياه  )ECو SAR (امتزاز الصوديوم

يونية على التوالي. بينما بعد تصــحيح الازدواج الايــوني و الفعاليــة قبل تصحيح أزواج الأيوني ووالفعالية الا ))C4S2و
، C3S1 ،C3S2 ،C4S1 ،C4S2(بئرا سجلت صنف  %(and 2.70 2.70 ,22.22 ,44.44 ,25,2.70)(الأيونيةا، فإن مياه 
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C4S3 وC4S4(  ا على جهــد الــتملح ً يــة الايونيــة ، ، وقبــل تصــحيح أزواج الأيــوني والفعال)SP(على التوالي . اما اعتماد
نوعيــة  تغير وافعالية الى بئرا ذات نوعية جيدة ومتوسطة ورديئة. ادت تصحيح الازدواج الايوني )٢٤و ٣، ٩(كانت مياه 

فــان نوعيــة  قيم نسبة امتصــاص الصــوديوم فقــط رديئة إلى متوسطة. من ناحية أخرى، وبالإشارة إلى بئرا من )٤(مياه 
وشــديد فــي الاســتخدام علــى التــوالي قبــل نف عدم تقييد وتقييد طفيــف إلــى متوســط ص لها بئرا )٥و ١٧و ١٤(المياه لل

علــى  أصــناف ســابقة الــذكر بئــرا لهــا )٥و ١٩و ١٢(التصحيح. بينما بعد تصحيح الازدواج الأيوني و الفعاليــة ، كانــت ميــاه 
بينما اعتمادا على تركيز البيكربونات فــأن التوالي مما تسبب في تغيير مياه بئرين من الدرجة الأولى إلى الدرجة الثانية. 

لبئري تغير من درجة معتدلة قليلاً إلى تقييــد غيــر شــديد فــي الاســتخدام بعــد التصــحيح. بشــكل عــام، فــي معظــم  مياه
الحالات ادت تصحيح الأزدواج الأيوناي والفعالية إلى تقليل خطر الملوحــة بســبب تحويــل نوعيــة الميــاه نحــو االنوعيــة 

في معظم الحالات في تحويل الميــاه مــن نوعيــة  د أوضحت النتائج الرئيسية دور الأزواج الأيوني والفعاليةالأفضل. وق
 إلى أخرى ومن ثم تقليل خطر الملوحة للاستخدام في الري.

 الكلمات المفتاحية: المياه الجوفية ، تصنيف المياه، الأزدواج الأيوني ، الفعالية و منطقة مخمور

 
1 INTRODUCTION 

roundwater is a type of water resources in Iraqi Kurdistan region. It is electrical conductivity 
and chemical composition are differing among locations relying on physicochemical characteristics 
of catchment area, geological composition m climatic condition and types of wells.  

The area of ground water is very large in Kurdistan region, its area in Erbil governorate 
represents more than half of Kurdistan’s groundwater, that equal to (5000 km2) and the number of 
drilled wells is about (10000)[1]. In Makhmur district the main source of irrigation water is 
groundwater due to low rainfall and absenting of irrigation projects. [2]The numerous water quality 
studies were conducted in Kurdistan region during 1955 to 2024. The first study was done at Alton-
copri basin by Persoan-and Ralf company (1955) and the last one was done by Hamad (2024). Ion 
pairs means the approach of s cation and anion in water or soil solution to a distance less than 5 
Angstrom by columbic force and both of them keep its hydration shell this phenomenon called ion 
pairing [ 3] . The charger of ion pairs depends on the difference between the valence of the 
contributed cation and anion in ion pair formation, for example the charge of (KHCO3)0 and 
(MgSO4)o equal to zero, while the charge of (NaSO4)- and (MgHCO3)+ equal to -1 and +1 
respectively[3]. Electrical conductivity had the same values before and after correcting ion pairs and 
activity, since ion pairs are non-conductance to electrical current [2]. Correcting ion pairs and 
activity causes increase in sodium adsorption ratio (SAR) and decrease in salinity potential (SP) and 
residual sodium carbonate (RSC) due to high contributing of Ca+2 and Mg+2 and low contributing of 
Na+ in ion pairs [2 and 3]. On the other way , the decrease in salinity potential (SP) and negative values 
of residual sodium carbonate (RSC) causes shifting the water quality to the better category and via 
versa for SAR [3, 4 and[5]. . This may be due to the differing in participation of main cations and 
anions in ion-pairing and they are differing in activity coefficient that had either positive or negative 
influences on the above parameters [3,4,and 5]. In general correcting ion pairs and activity causes 
decrease in salinity potential (SP) and residual sodium carbonate which are causing decrease in risk 

G 
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of using saline water for irrigation [2]. The water quality of 52 wells and springs in Rania district, the 
water qualities of (24,10,12 and 6) locations had, excellent, good, marginal and poor quality for 
irrigation respectively [6]. This may be due to differing in geological formation of the study area. [7] 
Studied the types of aquifers, geological formations and lithological thickness (100-680) meter in 
Rania district and their relation with water qualities of the studied area, they indicated that most of 
the studied area had excellent water quality or have no risk but 5% of the studied area have poor 
water quality or have risk for irrigation ,This study is differing from other studies because included 
the relation between geological formation m lithological thickness , types of aquifers and water 
quality or risk index of water. Because there are no studies in Makhmur district about the influences 
of ion pairs and activity in conversion salinity risk of groundwater for agricultural uses using some 
classical international systems. For above reasons the purpose of this study was explained at the end 
of introduction.  

 

Classification of irrigation water: 
 There are numerous international systems for irrigation water classification, some of them were 

selected in this investigation as a part of MSc thesis, because they are affecting by ion pairs and 
activity of ions, which are: 

1-Richard,s classification. 
This classification (Richard’s classification, 1954) categorized the water into 4 classes depending 

on EC and SAR separately as shown in below, while the total number of classes are (16) classes 
from C1S1 to C4S4.as shown from Appendices (1 and 2) [8] . 

2- Donnen classification. 
This classification depending on soil permeability and water salinity potential as shown from 

appendix (3) [9] . 
3-Wilcox classification. 
This classification depends on Residual sodium carbonate (RSC) value., which classified 

irrigation water into 3 classes as explained in appendix(4) [10]. 
4- Ayers and Westcot classification (1994) 
 They classified the water depending on numerous parameters and only three of them were 

selected since they had great relation with this study (appendix,5) [11].  
The goals of this investigation are: 
1- Classification of the groundwater of Makhmur district for irrigation using some international 

classification systems depending on concentration of ions and determined water parameters.  
2-  Focusing on the role of correcting ion pairs and activity on changing the water from class to 

other, then decrease or increase in salinity risk of groundwater or water of the study wells using 
some classical international systems. 

 
2- MATERIALS AND METHODS  
2.1 Study area. 
 The study was conducted during the wet season of 2024, the water samples were taken from 

15th of May, 2024 from 36 wells agricultural lands of Makhmur districts which including (Center 
Makhmur, Gwer, Dibaga and Qaraj) (table 1. and figure, 1a) 
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Table 6: Geographical position system (GPS) reading of the study locations (wells). 

  

NO. Location Latitude Longitude elevation(m)   
1 Kawr 37094’82” N 40004’85.0” E 267   

  
  
Gwer 
  
  
  
  

2 Tarjan 38099’77” N 39098’78.5” E 296 
3 Shamamar 38040’27” N 39098’49.1” E 285 
4 Zhiba 38005’17” N 39097’94.0” E 274 
5 Shamshula 37053’21” N 39097’94.0” E 248 
6 Abusheta 37012’84” N 39097’65.7” E 237 
7 Zmarajasm 36045’67” N 39088’52.5” E 224 
8 Darmanawa 36095’22” N 39085’30.8” E 285 
9 Makhmur 36090’67”N 39061’80.4”E 252   

  
  
Makhmur 
  
  
  
  

10 Dugrdkanhussein 36017’20”N 39060’96.0”E 230 
11 Garasor 36063’96” N 39065’19.8” E 251 
12 Sirma 35044’98” N 43030’48.5” E 269 
13 Garabasha 36080’20” N 39064’10.7” E 260 
14 Hawarghal 35054’23” N 43027’54.9” E 325 
15 Khalidiya 34040’12” N 39064’39.1” E 385 
16 Adla 35087’40” N 39038’17.0” E 380 
17 Hasarok 35048’61” N 39046’56.5” E 210   

  
  
  
  
Qaraj 
  
  
  
  
  
  
  

18 Shendr 35067’44” N 39041’40.1” E 190 
19 Ankawa 35048’61” N 39044’28.2”E 195 
20 Chwargoman 38048’76” N 39047’14.6” E 249 
21 Kalashkhan 38081’15” N 39043’69.0” E 374 
22 Dinkawa 37077’00” N 39034’38.8” E 201 
23 Qalatasoran 37087’42” N 39051’63.5” E 250 
24 Grdarasha 37084’85” N 39043’16.7” E 219 
25 Ruala 36083’16” N 39040’79.1” E 201 
26 Grdachal 37043’59” N 39042’16.7” E 265 
27 Hushtraluk 35093’20” N 39048’68.0” E 215 
28 Qabrsaid 35030’05” N 39012’53.9” E 195 
29 Doma azea 36063’49” N 39027’00.4” E 210 
30 Malakagha 39062’52” N 39068’27.7” E 338   

  
  
Dibaga 
  
  
  

31 Jana 39062’52” N 39068’27.7” E 338 
32 Shorija 38067’46” N 39075’75.1” E 329 
33 Milihorti 36084’00” N 39080’04.0” E 276 
34 Dibaga 39043’91” N 39074’06.4” E 394 
35 Talamira 36087’83”N 39061’81.3” E 298 
36 Majidmalaqara 38002’44” N 39077’28.9” E 289 
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Figure1a: Map of the study locations 
 
2-1-1 Description of the study area:  
 The study area is located between the longitude (43° 58’34” E and 43°37, 82” E latitude 

(35°26’70” N and 35° 15’ 56” N.)  
 The area of the studied locations is 2690 km2. The elevation ranges between 190-394 meter 

above sea level.  
 The climate of Center Makhmur and Qaraj is aired with the mean of rainfall less than 250 mm 

year-1, while the climate of Dibaga and Gure is semi- arid with the average of rainfall of 250-500 
mm per year.  

 The geological formation was explained in figure (1b), the dominate geological formations are 
[12] . 

-Mukdadiyah (Lower Bakhtiari) formation pebbly sandstone, siltstone and claystone.  
-Injana (Upper Fars) formation) sandstone, siltstone and claystone.  
-Fatha (Lower Fars) formation) gypsum, marl, limestone, red claystone, siltstone and sandstone.  
-Bai Hassan (Upper Bakhtiari) formation conglomerate sandstone and claystone Residual soil 

and polygenetic deposits) silty and clayey soil, locally gypsiferous and pebbly. 
- (Bai Hassan (upper Bakhtiari) formation) conglomerate sandstone and claystone. 
-Gercus Formation The formation consists of red clastic rock, which is mainly constituted by 

claystone, siltstone, and sandstone, with a different layer of conglomerate in the upper part. The 
main rock type of this formation is the claystone. The sandstone is less abundant than the claystone 
and occurs in thin beds. Red clay, siltstone, and sandstone, also a tongue of limestone called Avana 
formation. Gypsum lenses and halite occur near the top of formation [12and 13]. 
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Figure 1b: The geological formation of the study area. 
 

2.2 Sampling: 
 The water samples were taken during the wet and dry season May and October of 2024, the 

samples were taken from 36 wells their depth ranged between (200-350 m) in Makhmur district 
figure (1a). The samples were collected in aplastic bottle of 2500 ml, then kept in the refrigerator at 
(4 ◦C) then sent to the laboratory for analysis. 

 
2.3 Water Analyses. 
 [14] The water properties were determined according to the standard methods which included 

(EC, pH, concentration of Ca+2, Cl-, HCO3
- , K+, Mg+2, Na+,NO3

- and SO4
-2). 

2.4 [2] Ion pairs and activity were determined according to special program prepared by Esmail 
and Rajab (2022), that depended on models which summarized as follow: 

Ionic strength (I) = 0.5∑ܼ݅݅ܥଶ……………………………… (1)  
Where: Ci = actual molar concentration of each ion in the water (mmol L-1).  
Zi = valence of ions. 
In the program the activity coefficient of ions was calculated using Debye–Huckle equation as 

follows:  



 | 826 

.univsul.edu.iqhjs 

JSH p-ISSN: 1813-0852, e-ISSN: 2617-3034 

 کانییهتیهاۆڤمر هزانست -ییمان̄سل یارۆڤگ

−Log � = ܫ√	ଶܼ݅ܣ +   (2) …..………………………… .…… ܫ√݅݀ܤ
Where: � = Activity coefficient, I = Ion strength (mol L-1). A is water constant that equal to 0.509 

at 25 Cº, Zi = charge of ions, B is constant which = 0.3285 and di = Ion size parameter.  
a= �*c………………………………. …………………….…... (3) 
 Where: a = Ionic activity, � = Activity coefficient, c = concentration in mmol L-1. 
The parameters were determined as follow: 
1- Sodium Adsorption Ratio (SAR). 
ܴܣܵ    = ே௔శ

ට಴ೌ
మశశಾ೒మశ

మ

 …………………………… 4) 

Concentration of Na, Ca and Mg in meq L-1 = mmolec L-1  
2- Salinity Potential (SP) as Represented by [8]. 
  SP = (Cl− + ½ SO�²⁻ ) ………………………... (5) 
Concentration of Cl-, and SO4 2- in meq L-1 = mmolec L-1  
  3- Residual Sodium Carbonate (RSC) as mentioned by [9]. 
  RSC = (CO₃ ²⁻  + HCO₃ ⁻ ) − (Ca2+ + Mg²⁺ ) ……….... (6) 
Concentration of CO₃ ²⁻ , HCO₃ ⁻ , Ca2+ and Mg2+ meq L-1 = mmolec L-1  
4-The type of ion pairs, number of ions contributed in ion paring, activity of ions, SAR, SP and 

RSC were determined from raw data using the unit of mmole L-1 [2] . 
 5-The accuracy of data were tested according to models mentioned by [1]. 
 

3 RESULTS AND DISCUSSION 
 The physicochemical properties of the study water were explained in Table (7).  
Table 7: Physicochemical properties of the studied water samples (Raw data). 
 

no. Location 
pH EC 

Ca2+ Mg2+ K+ Na+ Cl- SO4
2- CO3

2- HCO3
- 

 dS m-1  Concentration (mmole L-1) 
1 Kawr 8.2 1.24 0.40 0.20 0.10 11.00 5.10 1.45 0.00 2.60 
2 Tarjan 7.4 1.02 1.60 1.05 0.10 4.80 1.90 2.45 0.00 2.80 
3 Shamamar 7.1 1.23 1.75 1.90 0.20 4.90 3.30 1.50 0.00 3.90 
4 Zhiba 7.2 1.55 2.40 2.60 0.30 5.20 3.80 3.05 0.00 3.40 
5 Shamshula 7.2 1.39 1.80 1.60 0.10 7.00 4.30 1.90 0.00 3.30 
6 Abu sheta 7.2 1.33 1.70 1.05 0.20 7.70 2.90 1.95 0.00 4.60 
7 Zmaray jasm 7.4 3.04 2.90 2.20 0.10 20.20 14.00 7.10 0.00 3.40 
8 Darmanawa 7.2 6.08 7.50 5.00 0.10 35.70 27.90 12.60 0.00 3.60 
9 Makhmur 7.1 2.60 6.00 4.30 0.10 5.60 11.70 5.10 0.00 2.90 
10 Dugirdkan  7.4 3.35 5.80 1.95 0.10 17.90 10.70 8.50 0.00 3.00 
11 Garasor 7.3 3.98 12.25 2.10 0.10 11.20 4.50 16.35 0.00 1.50 
12 Sirma 7.2 12.35 18.65 18.80 0.20 44.50 51.80 30.10 0.00 3.70 
13 Grabasha 7.3 5.39 5.63 3.03 0.10 9.55 14.45 5.15 0.00 0.95 
14 Hawarghal 7.5 4.40 9.20 6.40 0.20 12.70 29.30 4.90 0.00 1.90 
15 Khalidiya 7.2 4.53 7.60 3.90 0.20 22.10 19.30 7.80 0.00 2.00 
16 Adla 7.2 6.59 15.85 8.75 0.20 16.50 34.20 11.70 0.00 3.20 
17 Hasarok 7.5 7.99 11.70 8.70 0.20 38.90 60.60 5.60 0.00 2.80 
18 Shendr 7.2 9.63 13.85 7.65 0.30 53.00 53.40 15.50 0.00 3.20 
19 Ankawa 7.3 6.80 10.50 6.40 0.20 33.90 36.00 10.20 0.00 2.80 
20 4 goman 7.1 4.86 11.45 8.40 0.20 8.70 6.40 18.35 0.00 2.20 
21 Kalashkhan 7.6 3.21 8.75 5.05 0.40 7.00 11.80 3.35 0.00 2.90 
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22 Dinkawa 7.0 11.91 22.74 14.91 0.30 43.59 35.49 35.94 0.00 3.81 
23 Qalata soran 7.3 2.71 6.90 4.10 0.10 5.10 8.30 3.85 0.00 2.80 
24 Grda rasha 7.3 5.06 10.90 10.36 0.20 7.80 13.00 16.06 0.00 3.00 
25 Ruala 7.2 18.50 8.65 15.80 0.20 135.9 79.90 48.85 0.00 3.20 
26 Grdachal 7.1 8.02 17.50 8.76 0.30 27.40 38.20 15.86 0.00 2.00 
27 Hushtraluk 6.8 8.55 16.96 9.86 0.40 31.50 41.70 16.90 0.00 2.20 
28 Qabr said 6.9 9.25 20.16 16.14 0.21 20.40 45.30 17.49 0.00 3.30 
29 Doma azez 6.6 6.75 15.00 9.10 0.20 12.30 29.00 11.26 0.00 2.70 
30 Malakagha 6.8 2.66 6.70 4.00 0.20 5.00 4.80 8.70 0.00 2.40 
31 Jana 8.0 0.89 1.60 1.30 0.20 3.10 3.30 1.55 0.00 1.90 
32 Shorija 7.8 1.67 2.75 2.55 0.10 6.00 3.60 4.90 0.00 2.00 
33 Milihorti 7.6 1.04 1.60 1.45 0.10 4.10 1.60 2.70 0.00 2.30 
34 Dibagah  7.4 0.96 1.60 1.65 0.10 3.00 1.60 2.80 0.00 2.00 
35 Talamira 8.9 6.24 4.90 7.75 7.75 36.40 25.20 17.20 0.00 1.00 
36 Majd  8.0 4.02 9.25 5.70 0.20 10.00 8.50 14.70 0.00 1.00 

 Table 8. refers to ionic activity which determined from table (7) using the program mentioned 
before. The pH and EC were not changed because they are not contributing in ion pairs since only 
cations and anion are contributing in ion pairs except Cl- [2]  

 Table 8: Physiochemical properties of the studied waters after correcting ion pairs and activity. 
Wells 
No. pH EC 

Ca+2*
* 

Mg+2** K+** Na+** Cl-** SO4
-

2** 
CO3

-

2** 
HCO3

-** 

 dS m-1  Activity of ions (mmole L-1)- 
1 8.2 1.24 0.23 0.12 0.09 9.76 5.10 0.85 0.00 2.30 
2 7.4 1.02 0.87 0.59 0.09 4.25 1.90 1.30 0.00 2.44 
3 7.1 1.23 0.98 1.11 0.18 4.32 3.30 0.74 0.00 3.35 
4 7.2 1.55 1.21 1.38 0.26 4.51 3.80 1.37 0.00 2.86 
5 7.2 1.39 0.98 0.91 0.09 6.14 4.30 0.93 0.00 2.82 
6 7.2 1.33 0.91 0.59 0.17 6.77 2.90 1.00 0.00 3.96 
7 7.4 3.04 1.15 0.94 0.08 16.73 14.00 2.82 0.00 2.75 
8 7.2 6.08 2.49 1.82 0.08 28.17 27.90 3.69 0.00 2.69 
9 7.1 2.60 2.64 2.02 0.08 4.69 11.70 1.77 0.00 2.29 
10 7.4 3.35 2.23 0.81 0.08 14.75 10.70 3.11 0.00 2.38 
11 7.3 3.98 5.03 0.92 0.08 9.47 4.50 6.62 0.00 1.23 
12 7.2 12.35 6.07 6.72 0.15 35.00 51.80 7.98 0.00 2.71 
13 7.3 5.39 2.49 1.43 0.08 8.00 14.45 1.86 0.00 0.76 
14 7.5 4.40 3.81 2.87 0.16 10.29 29.30 1.37 0.00 1.41 
15 7.2 4.53 2.95 1.64 0.16 17.95 19.30 2.45 0.00 1.53 
16 7.2 6.59 6.71 3.97 0.16 13.62 34.20 3.73 0.00 2.47 
17 7.5 7.99 5.22 4.17 0.16 31.92 60.60 1.78 0.00 2.15 
18 7.2 9.63 5.29 3.17 0.24 42.77 53.40 4.85 0.00 2.44 
19 7.3 6.80 4.53 2.95 0.16 28.10 36.00 3.59 0.00 2.21 
20 7.1 4.86 4.54 3.56 0.16 7.28 6.40 6.72 0.00 1.76 
21 7.6 3.21 3.99 2.46 0.33 5.82 11.80 1.01 0.00 2.21 
22 7.0 11.91 8.09 5.74 0.24 35.36 35.49 11.49 0.00 2.92 
23 7.3 2.71 3.21 2.02 0.08 4.29 8.30 1.31 0.00 2.20 
24 7.3 5.06 4.46 4.52 0.16 6.52 13.00 5.68 0.00 2.38 
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25 7.2 18.50 2.23 2.26 0.08 117.00 79.90 2.84 0.00 1.19 
26 7.1 8.02 6. 90 3.72 0.24 22.34 38.20 4.87 0.00 1.52 
27 6.8 8.55 6.53 4.11 0.32 25.56 41.70 5.11 0.00 1.67 
28 6.9 9.25 8.64 7.41 0.16 16.91 45.30 5.66 0.00 2.56 
29 6.6 6.75 5.76 4.94 0.11 11.28 29.00 3.78 0.00 1.71 
30 6.8 2.66 2.67 1.71 0.16 4.17 4.80 3.07 0.00 1.90 
31 8.0 0.89 0.94 0.79 0.18 2.77 3.30 0.82 0.00 1.66 
32 7.8 1.67 1.28 1.25 0.08 5.16 3.60 2.16 0.00 1.67 
33 7.6 1.04 0.86 0.81 0.09 3.63 1.60 1.40 0.00 1.99 
34 7.4 0.96 0.86 0.92 0.09 2.66 1.60 1.45 0.00 1.73 
35 8.9 6.24 1.50 2.61 2.61 28.45 25.20 4.98 0.00 0.75 
36 8.0 4.02 3.13 2.09 0.16 8.07 8.50 4.52 0.00 0.76 

  Table 9. represents the mean, range and standard deviation (SD) of the study groundwater 
properties before and after correcting ion pairs and activity. The activity coefficient of ions were 
determined by dividing activity to concentration after subtracting amount of ions contributing in ion 
pair formation using special program[2] .The activity coefficient of chlorite =1 because it is not 
contributing in ion pairing[2] .  

 

Table 9: Range, mean and standard deviation for the properties of study water samples before 
and after correcting ion pairs and activity. 

W
at

er
 

pr
op

er
tie

s Unit Before correcting ion pairs 
and activity 

After correcting ion pairs 
and activity 

Activity coefficient 
 

Range Mean S D Range Mean S D Range Mean S D 
mmole L-1 mmole L-1 

EC dS 
m-1 

18.5-0.89 4.21 3.92 18.5-0.89 4.21 3.92 - - - 

pH 8.90-6.60 7.26 0.42 8.90-6.60 7.26 0.42 - - - 

Ca2+ 

m
m

ol
 L

-1
 

45.50-
0.75 

16.26 12.19 17.29-
0.46 

5.61 4.61 0.61-
.0.39 

0.42 0.08 

Mg2+ 37.59-
0.38 

10.04 9.48 14.82-
0.24 

4.04 3.6 0.63-
0.39 

0.46 0.09 

K+ 3.10-0.09 0.16 0.49 2.32-0.08 0.17 0.37 0.89-
0.34 

0.81 0.09 

Na+ 135.87-
3.00 

11.75 24.16 53.00-
2.66 

10.03 13.8 0.92-
0.78 

0.83 0.03 

Cl- 79.92-
1.56 

12.36 19.93 79.92-
1.56 

12.36 19.93 1.00 – 
1.00 

1.00 - 

SO4
-2 97.71-

2.88 
17.2 20.56 71.80-

1.47 
5.66 4.81 0.73-

0.51 
0.55 0.1 

HCO3
- 4.62-0.99 2.78 0.81 3.9-0.75 2.21 1.75 0.88-

0.37 
0.79 0.09 

 Table 10. explains the values of SAR, SP, RSC, SAR**, SP**, RSC** and the ratio between 
them. The results indicated that correcting ion pair and activity caused (1.1 to 2.1) times increase in 
SAR**values. This may be due to high contributing of Ca and Mg in ion pairing and their low 
activity coefficients and via versa for Na (table, 9 and 11). The ratio between SP**/SP was ranged 
between 0.58-0.94, this may be due high contributing of SO4

2- and low activity coefficient of it 
(table, 9). The mentioned correction caused 0.19.-1.17 times increase in RSC** /RSC due to high 
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contributing of Ca, Mg and HCO3 - in ion pairs and their low activity coefficients (table ,9 and 11), 
Similar results were obtained by [ 1 and 5]. Finally, the above corrections lead to decrease in negative 
values of RSC** and increase in its positive value. The water RSC values for all wells had negative 
value except the water for well number 1 which had positive value. These results agree with [3 and 4] 
since these studies also conducted in Erbil governorate near Makhmur district and the are similar in 
geological formation and disagree with [15 ,16 and 17] since their study was done in Sulaimani 
governorate which is differing in the location and geological composition of study area which 
caused differing in water chemical composition with the water composition of Makhmur district.  

Table 10: Influence of correcting ion pairs and activity on some water parameters. 
NO. EC 

dS m-1 
SAR SAR** SAR**/ 

SAR 
SP SP** SP**/SP RSC RSC** RSC**/ 

RSC (mmolc L-1)0.5 mmolc L-1 mmolc L-1 
1 1.24 14.60 16.60 1.10 6.51 5.92 0.91 1.49 1.60 1.08 
2 1.02 3.00 3.52 1.20 4.36 3.20 0.73 -2.46 -0.48 0.20 
3 1.23 2.60 2.99 1.20 4.84 4.06 0.84 -3.37 -0.82 0.24 
4 1.55 2.30 2.81 1.20 6.83 5.15 0.75 -6.58 -2.31 0.35 
5 1.39 3.80 4.48 1.20 6.22 5.27 0.85 -3.59 -0.94 0.26 
6 1.33 4.60 5.52 1.20 4.83 3.87 0.80 -0.82 0.96 1.17 
7 3.04 9.00 11.58 1.30 21.09 16.83 0.80 -6.69 -1.42 0.21 
8 6.08 10.10 13.57 1.30 40.49 31.59 0.78 -21.39 -5.92 0.28 
9 2.60 1.70 2.17 1.20 16.76 13.43 0.80 -17.69 -7.04 0.40 
10 3.35 6.40 8.46 1.30 19.21 13.84 0.72 -12.55 -3.69 0.29 
11 3.98 3.00 4.59 1.50 20.82 11.09 0.53 -27.09 -10.39 0.38 
12 12.35 7.30 12.44 1.70 81.94 59.82 0.73 -71.12 -21.90 0.31 
13 5.39 4.60 9.65 2.10 39.15 30.74 0.78 -32.69 -5.93 0.18 
14 4.40 3.20 3.98 1.20 34.17 30.65 0.90 -29.29 -11.94 0.41 
15 4.53 6.50 8.38 1.30 27.09 21.73 0.80 -21.02 -7.64 0.36 
15 6.59 3.30 5.05 1.50 45.92 37.92 0.83 -45.99 -18.17 0.40 
17 7.99 8.60 12.69 1.50 66.21 62.37 0.94 -38.02 -15.98 0.42 
18 9.63 11.40 18.22 1.60 68.96 58.29 0.85 -39.76 -13.73 0.35 
19 6.80 8.20 12.40 1.50 46.24 39.62 0.86 -31.06 -12.15 0.39 
20 4.86 2.00 3.06 1.60 24.74 13.11 0.53 -37.55 -14.02 0.37 
21 3.21 1.90 2.29 1.20 15.10 12.78 0.85 -24.67 -10.70 0.43 
22 11.91 7.10 11.72 1.60 71.40 46.95 0.66 -71.49 -23.87 0.33 
23 2.71 1.50 1.88 1.20 12.11 9.56 0.79 -19.13 -8.26 0.43 
24 5.06 1.70 2.60 1.50 29.00 18.64 0.64 -39.47 -14.96 0.38 
25 18.50 27.50 52.88 1.90 128.77 82.76 0.64 -45.65 -8.60 0.19 
26 8.02 5.30 8.41 1.60 54.01 43.04 0.80 -50.54 -19.23 0.38 
27 8.55 6.10 9.66 1.60 58.59 46.83 0.80 -51.45 -19.08 0.37 
28 9.25 3.40 5.09 1.50 62.80 50.96 0.81 -69.33 -28.81 0.42 
29 6.75 2.50 3.76 1.50 40.30 32.81 0.81 -45.51 -14.80 0.33 
30 2.66 1.50 1.99 1.30 13.48 7.83 0.58 -19.00 -6.84 0.36 
31 0.89 1.80 2.11 1.20 4.84 4.09 0.85 -3.87 -1.79 0.46 
32 1.67 2.60 3.25 1.20 8.52 5.79 0.68 -8.53 -3.38 0.40 
33 1.04 2.30 2.81 1.20 4.29 2.99 0.70 -3.86 -1.34 0.35 
34 0.96 1.70 1.99 1.20 4.35 3.00 0.69 -4.48 -1.83 0.41 
35 6.24 10.20 14.05 1.40 42.42 30.21 0.71 -24.35 -7.46 0.31 
36 4.02 2.60 3.53 1.40 23.19 13.00 0.56 -28.87 -9.68 0.34 
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 SAR, SP and RSC = their values depending on concentration or before correction  
 SAR**, SP** and RSC = their values depending on ion pair and activity or after correction. 
 Table 11. focused on types of ion pairs and their concentrations that determined from raw data 

using special program. The series of ion pairs depending on their mean were as follow: 
 (CaSO4) o > (MgSO4) o > (CaHCO3) + >(NaSO4)--> (MgHCO3) +>(NaHCO3) o > KSO4)-. These 

results disagree with those obtained by [3] due to differing in chemical composition of the water 
samples of the mentioned studies. The concentration of ion pairs is differing depending on chemical 
composition and EC of the study groundwater samples, increase in EC value causes increase in ion 
pairs formation. 

  
 Table 11. Type of ion pairs and amount of ions contributed in ion paring.  

Ion pairs and ions 

 
Unit 

Range Mean 
S. D mmol L-1 

(CaSO4)o 

m
m

ol
 L

-1
 

 

5.91 - 0.04 1.26 1.38 
(CaHCO3)+ 0.16 - 0.01 0.09 0.04 
(MgSO4)o 4.56 - 0.02 0.65 1.03 
(MgHCO3)+ 0.13 - 0.001 0.05 0.03 
(NaSO4)- 0.59 - 0.01 0.08 0.17 
(NaHCO3)o 0.04 - 0.001 0.01 0.01 
(KSO4)- 0.11 - 0.001 0.00 0.02 
Ca+2 6.05 - 0.05 1.34 1.40 
Mg+2 4.70 - 0.02 0.71 1.05 
Na+ 0.61 - 0.01 0.09 0.18 
K+ 0.11 - 0.01 0.01 0.02 
HCO3

- 0.31- 0.03 0.14 0.07 
SO4

-2 10.22 - 0.09 2.09 2.46 
  
 The number of ions contributed in ion pairs were documented in table (11) which were 

calculated from different ion pairs. Sum of cations contributed in ion pairs = sum of anions, this 
indicates to the accuracy of program applied in this study. The series for the mean of ions 
contributed in ion paring were as follow: Ca+2 > Mg+2 > Na+ > K+ > SO4 -2 > HCO3

- . 
Water classification: 
 The study waters were classified according to some classifications which are affecting by 

correcting ion pairs and activity as explained below:  
 -Richard classification (1954): 
 The results of classification depending on EC and SAR values in table (10) were summarized in 

table (12). The results indicated that before correcting ion pairs and activity the water of (9, 1, 22 
and 4 ) wells had C3S1 , C3S2 , C4S1and C4S2 classes respectively , while after correcting ion pair 
and activity the water quality for( 9,1,16,8,1and 1) wells had C3S1,C3S2,C4S1, C2 S4 and C4S3) 
respectively (table, 12).It means that correcting ion pair and activity caused conversion the water 
class of some wells to bad class for example the water of (4,1 and 1)wells or wells number 
(7,12,17,19 and 22) were changed from C4S1 to C4S2 and well number 18 from C4S2 to C4S3 
respectively. This may be due to high initial SAR values of water for the mentioned wells 
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mentioned wells (table ,10). The high contributing of calcium and magnesium in ion paring and 
their low activity coefficients, with low sodium contribution in ion pairs and its high activity 
coefficients were caused increase in SAR values. These results agree with [5], because the initial 
SAR value is high because if initial SAR is close to 10 correction ion pair and activities cause 
increase it to more than 10 or to another class and disagree with those recorded [2] since the initial 
SAR value of water samples of her study is very low which ranged between (1.5 -2.75) and it is 
impossible to increase this value to more than 10.  

 

Table 12: Influence of correcting ion pairs and activity on water according to Richard’s 
classification 
Water class before correcting 
ion pair and activity  

No. of 
wells 

Water class after 
correcting  
 

No. of wells Change in water 
classes 

C3S1 9 C3S1 9 0 
C3S2 1 C3S2 1 0 
C4S1 22 C4S2 16 -6 
C4S2 4 C4S2 8 +5 
0 0 C4S3 1 +1   

 Figure (2,3 and 4) explains spatial distribution of the water for the study wells depending on 
their EC, SAR and SAR** receptively. Depending on EC the water for 26 wells had C4 category 
before and after correction since the ion pairs and activity are not affecting on EC value as 
mentioned before. The area of orange color means high EC value than is greater than green color 
(low EC value). Table (10) explains that 72.22% of wells had high saline water which ranged from 
2.25 to 18.50 dS m-1.  
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 Figure 2: Spatial distribution of water EC of the study wells. 
 
 Figure (3) Explains the spatial distribution of the studied water samples depending on sodium 

adsorption ratio values (SAR) before correcting ion pairs and activity. The green, yellow and red 
colors are represented S1, S2 and S3 water classes depending on SAR values. The mentioned colors 
represent the water of 31,4 and 1 wells that had S1,S2 and S3 categories respectively. The green, 
yellow and red colors is equal to (86.11, 11.11 and.2.8) % of the study water samples of the study 
area. These results disagree with the results of most of the studies conducted in Kurdistan region 
since due to their low SAR values less than 10 or (S1 class) . The high waters SAR values in this 
study of may be due to existing spots of halite in the study area [12 and13].  

 Figure (4) refers to spatial distribution of SAR** after correcting ion pairs and activity which 
caused increase in SAR** values in comparing with SAR before correcting. The correctios caused 
1.1-2.1 times increase in SAR values (table,10 which caused creating new water class such as S3 
and S4. The water of 26 ,8,1 and 1) wells had S1, S2, S3, and S4 classes respectively. This may be 
due to increase in SAR values due to the reasons mentioned before. The green, yellow, orange and 
pink colors represent (72.22, 22.22. 2.78 and 2.78) % of the studied water which differing from 
figure (3) due to the role of ion pairs and activity in increasing SAR** values [2]. 
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Figure 3: Spatial distribution of water SAR value before correcting ion pair and activity. 
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 Figure 4: Spatial distribution of SAR** value classes after correcting ion pair and activity.  
 

-Doneen classification (1945) of groundwater depending on salinity potential before and after 
correcting ion pairs and activity:  

 Correcting ion pair and activity caused decrease in (SP**) values due to high contributing of 
SO4 2- (0.09-10.22) mmole L-1 in ion pairs and its low activity coefficient (051-0.73) (Table,10 and 
8). As shown from table (13) and depending on SP and SP** values in table (10) the water of (9, 3 
and 24) wells had good, moderate and bad quality respectively for high permeable soils, while after 
correction the water for (9,7and20) wells had good moderate and bad quality respectively. It means 
correction of ion pair and activity resulted shifting the water of 4 wells from bad to moderate class. 
For moderate soil permeability the water for 2 wells changed from bad to moderate (table,13). For 
low soil permeability the water of (0, 6 and 30) wells had (good, moderate and bad) quality 
respectively before ion pair and activity correction, the results also depend on soil permeability. In 
general correcting ion pair and activity caused shifting the water towards the better classes. These 
may be due to high contribution of SO4 in ion pairs and low activity coefficient of it as mentioned 
before. Similar results were observed by [3] .  

Table 13: [9] classification the of study wells depending on (SP). 
Water 
class 

Before correcting ion pairs and activity (SP) After correcting ion pairs and activity (SP**) 
Soil permeability Soil permeability 
High Moderate Low High Moderate Low 

Good 9  6  0 9  6  0  
Moderate 3 4  6  7  6  6  
Bad 24  26  30  20  24  30    

 Figure (5) classified the water of the study area into 3 classes or 3 colors depending on the 
results of classification. The green, yellow and turquoise colors represent (66.67,25 and 8.33) % of 
the study waters represents the bad, moderate and good water for irrigation due to high salinity 
potential. This may be due to geological formation of the study area (High gypsum and spots of 
halite) [12 and 13].  
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Correcting ion pairs and activity caused change the of 4 well from bad to moderate quality due to 
the reasons mentioned before. 

 
Figure 5: Spatial distribution of water classes depending on SP values.  
 

Ayers and Westcot classification: 
 [11] In Ayers and Westcot classification the focusing was on both SAR and HCO3 because only 

these two parameters were affecting by correcting ion pair and activity (table,14). Depending on EC 
value the water of (13 and 23) wells had slight to sever and sever restriction of use respectively 
before and after correcting ion pairs and activity since the ion pairs are non-conductive to electrical 
current [2]. While according to bicarbonate the water of (2 and 34) wells had non and sight to 
moderate restriction of use before correction, while the water of (4 and 32) wells had non and sight 
to moderate restriction of use after correction, it means the water of (2) wells changed from sight - 
moderate class to non-restriction of use class or changed towards the better water quality for 
irrigation.  

 

Table 14: Effects of correcting ion pairs and activity on water classes  

Pa
ra

m
et

er
s 

Water classes before  
correction  

Water classes after  
correction 

C
on

ve
rs

io
n 

in
 

w
at

er
 c

la
ss

es
 

Number of wells 
Non- 
restriction 

Slight-
moderate 
restriction 

Severe  Non- 
restriction 

Slight to 
moderate 
restriction 

Severe  

EC 13 23 0 13 23 0 0 
HCO3

- 2 34 0 4 32 0 2 
SAR 14 17 5 12 19 5 2   

This may be due to contribution of 0.03 -034 mmole L-1 of bicarbonate in ion pairing and its low 
activity coefficient (0.33 - 0.77) which were decreased their risk for plants, since ion pairs cannot 
absorb by plants and not contributes in chemical reactions in water and soil solution [5].  

As shown from table (14) correcting ion pairs and activity caused conversion the water of 2 
wells from non-restriction of use to slight-moderate restriction of use. 
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Figures (3 and 4) indicates to difference between the SAR value before and beyond correcting 
ion pairing and activity, that caused increase in SAR values then changing the water of some wells 
to the worse class. The limitation of this method is there are numerous parameters in this method 
and the results of water classification sometimes may be differing slightly among the studied 
parameters.  

CONCLUSION 
 In general correcting ion pairs and activity caused shifting the water quality or classes towards 

the better class due to decrease in salinity potential (SP) and residual sodium carbonate (RSC). On 
the other hand, the mentioned correction causes increase in Sodium adsorption value (SAR) which 
theoretically increase the risk of irrigation water but practically have not negative effect or risk on 
irrigation water in the study area due to low initial value of SAR since the dominate cations in the 
study area are calcium and magnesium. The initial values of water chemical properties and 
parameters had great effect on conversion the water from class to another one.  

 
RECOMMENDATIONS: 
Depending on the obtained results the recommendations were summarized as follow: 
1-Most of the study waters had low or no risk for irrigation purpose due to contributing high 

concentration of ions in ion pairs that caused decrease in the risk of their using for irrigation.  
2-Increase in water electrical conductivity causes an increase in contributing ions in ion pairs, 

then decreases its risk for irrigation. 
3-Cultivation of tolerance and semi-tolerance plants in some locations of the study area, 

depending  
on the salinity of water. 
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Appendix (1) show water classes depending on EC and SAR values [8]. 
 EC (dS m-1 at 25 ˚C)  

Index 
 
SAR Value 

 
Index 

 
Classes 

 
Group 

0 to 0.25 C1 <10 S1 Excellent Low salinity 
0.25 to 0.75 C2 10 to 18 S2 Good Medium salinity 
0.75 to 2.25 C3 18 to26 S3 Fair High salinity 
> 2.25 C4 >26 S4 Poor Very high salinity 

 

 Appendix (2) Explains the symbols for 16 water classes depending on Richards (1954) [8]. 
 SAR values  
EC (dS m-1) S1 <10 S2 =10-18 S3 =18-26 S4 >26 
C1 = 0-0.25 C1S1 C1S2 C1S3 C1S4 
C2 = 0.25-0.75 C2S1 C2S2 C2S3 C2S4 
C3 = 0.75-2.25 C3S1 C3S2 C3S3 C3S4 
C4 > 2.25 C4S1 C4S2 C4S3 C4S4 

 

Appendix (3) Water categories depending on Donnen,s classification (1954) [9].  
 
Water Category  

Positional of salinity (SP) SP = (Cl - + 0.50 SO4
2- ) mmol charge per Liter  

 Soil permeability 
High Moderate Low 

Good Less than 7 Less than 5 Less than3 
Moderate 7 to 15 5 to 10 3 to5 
Bad More than 15 More than 10 More than 5 

 
Appendix(4) Explains Wilcox classification depending on Residual sodium carbonate (RSC) value[10]. 

  Water classes of irrigation water  RSC (mmolc L-1) 
Probably safe Less than 1.25 
Marginal 1.25 to 2.5 
Unsuitable More than 2.5 
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Appendix (5) shows Ayers and Westcot classification (1994) depending on some selected parameters [11]. 
Potential irrigation Unite Degree of restriction of use (classes) 

 
 
 Salinity (EC) 

dS m-1 None Slight to moderate Severe 
< 0.7 0.7 – 3.0 > 3.0 

 SAR < 3 3 – 9 > 9 
 Bicarbonate (HCO3

-) mmolcL-1 < 1.5 1.5 -8.5 > 8.5 
 


