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Abstract

This study was done during the dry and wet seasons of 2024, which
included water chemical analysis for 36 wells in Makhmur province is
located between the longitude (43° 58’34” E and 43°37, 82” E latitude
35°26’70” N and 35° 15’ 56” N), then classified depending on some
international classification systems before and after correcting ion pairs
and activity. The main results were as follow:

Depending on Electrical conductivity and sodium adsorption ratio
values of water samples the water for (9, 1, 22 and 4) wells had (C3S1,
C3S2, C4S1 and C4S2) classes before correcting ion pairs and activity
respectively; while after correction, the water for (9, 1, 16, 8, 1 and
1) wells had (C3S1, C3S2, C4S1, C4S2, C4S3 and C4S4) classes. Relying
on water salinity potential (SP) values, before correcting ion pair and
activity the water for (9, 3 and 24) wells had good, moderate, and bad
category. It means correcting ion pairs and activity caused conversion
the water for (4) wells from bad to moderate class. On the other hand,
relying on sodium adsorption ratio values water for (14, 17 and 5)
wells had non-restriction, slight to moderate and severe restriction of
use respectively before correction. While after correcting ion pair and
activity the water for (12, 19 and 5) wells had non-restriction, slight to
moderate and severe restriction of use respectively that caused change
the water for two wells from class one to class two. While depending
on bicarbonate concentration the water for two wells changed from
slightly-moderate class to non-severe restriction of use after correcting
ion pairs plus activity. In general, in most cases correcting ion pair
and activity causes decrease in risk of saline water for irrigation due
to conversion the water classes towards the better classes. The main
results explained the role of ion pairs and activity in conversion the water
from class to another then decrease the salinity risk for irrigation use in
most cases.

3005-4788 (Print), 3005-4796 (Online) Copyright © 2025. This
is an open access article distributed under the terms and condi-
tions of the Creative Commons Attribution (CC-BY 4.0) license
(https://creativecommons.org/license/by/4.0/)

1. Introduction:

Water quality in Iraqi Kurdistan region varies from location
to another depending on the geological formation of the study
area, type of aquifer, the chemical reaction between water and
aquifer, environmental conditions, depth of wells. . . etc. [1].

The area of ground water is very large in Kurdistan region,
its area in Erbil governorate is which equal to (5000 km2)
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and the number of drilled wells is (9805) [1]. In Makhmur
province the ground water is the main source of irrigation due
to low rainfall, absenting irrigation projects. [2] The numer-
ous water quality studies were conducted in Kurdistan region
from 1955 to 2024. The first study was done by Parsons and
Ralph Engineering Company (1955) at Alton-copri basin and
the last one was done by Hamad (2024). Ion pairs means the
approach of soluble cation and anion in water 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 equal to the difference between
the valence of the contributed cation and anion in ion pairs,
for example the charge of (CaSO4)0 and (MgSO4) o equal to
zero, while the charge of (KSO4)- and (CaHCO3)+ equal to
-1 and +1 respectively [3].

Electrical conductivity had the same values depending on
concentration (before correcting ion pairs and activity) and ac-
tivities (after correction ion pairs and activity) of cations and
anions, because ion pairs are non-conductance to electrical
current [2]. Correcting ion pairs and activity causes increase
in SAR and decrease in salinity potential (SP) and residual
sodium carbonate (RSC) due to high contributing of Ca and
Mg 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 [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 influ-
ences on the mentioned parameters [3], [4] and [5]. In general
correcting ion pairs and activity causes decrease in salinity po-
tential (SP) and residual sodium carbonate which are causing
decrease in risk of using saline water for irrigation [2]. The
residual sodium carbonate (RSC )value for most of ground-
water had negative value due to high calcium and magnesium
concentration in comparing with concentration of carbonate
and bicarbonate ions [6] and [7].

The groundwater for 25 wells in Kaniqirzhala district, Er-
bil was classified by [8] depending on EC and SAR values,
the results indicated that the water for (24 and 1) wells had
C2S1 and C3S1 classes respectively. On the other hand, de-
pending on residual sodium carbonate (RSC) the water for all
wells had safe probably class since their RSC values less than
1.25 meq L−1. [9] Studied the water quality for 62 wells in
Erbil-Pirmam area, the results showed that the water for (59
and 3) wells had C1S1 and C3S1 classes respectively since
their SAR values less than 2 and their EC values ranged be-

tween 0.33-1.18 dS m−1. In Dohuk governorate the water 30
water samples were classified by [10], the results explained
that their water classes were ranged between Excellent to bad
classes.

The influences of correcting ion pairs and activity was
used to focuses on their role in conversion the water classes of
155 wells in Erbil governorate, the results indicated to conver-
sion the water of 40 wells towards the better classes [2]. Since
there are no studies in Makhmur province about the role of
correcting ion pair and activity in conversion the water from
class to another and decrease the salinity risk for irrigation
purpose depending on some classical international systems.
For above reasons the goals of this investigation are:

1. Classify the groundwater of Makhmur province for irri-
gation purpose using some international classification
systems.

2. Studying the role of correcting ion pairs and activity in
decrease the risk of salinity for irrigation.

2. Material and Methods:

2.1 Study area:
The study area was conducted during the wet and dry sea-

son of 2024, the 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 ele-
vation ranges between 190-394 meter above sea level Figure 1.

The climate of Center Makhmur and Qaraj is aired with
the mean of rainfall less than 250 mm year−1, while the cli-
mate of Dibaga and Gwre is semi- arid with the average of
rainfall of 250-500 mm per year [11].

2.2 Water sampling:
The water samples were taken from 15th of May, and 15th of

October ,2024 from 36 wells in agricultural lands of Makhmur
province. 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. The water was classified according to
the mean of two seasons.

2.3 Water Analyses:
The water properties were determined according to the stan-

dard methods which included (EC, pH, concentration of Ca+2,
Cl−, HCO3

− , K+, Mg2+, Na+, NO3
− and SO4

−2) [12].
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Figure 1. Shows the area and the locations of the study wells.
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2.4 Ion pairs and activity were determined accord-
ing to special program prepared by [2], that de-
pended on models which summarized as follow:

Ionic strength

(µ) = 1/2ΣCiZi2 (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 calcu-

lated using Debye–Huckle equation as follows:

−Log γ = AZi2
√

µ +Bdi
√

µ (2)

Where: γ = Activity coefficient, µ = Ion strength (mol
L−1). A is water constant that equal to 0.509 at 25 C, Zi =
charge of ions, B is constant which = 0.3285 and di = Ion size
parameter.

a = γ ∗ c (3)

Where: a = Ionic activity, γ = Activity coefficient, c = con-
centration in mmol L−1. The parameters were determined as
follow:

1. Sodium Adsorption Ratio (SAR) [13].

SAR =
Na+√

Ca2++Mg2+

2

(4)

Concentration of Na, Ca and Mg in meq L−1 = mmolec
L−1

2. Salinity Potential (SP) as Represented by [14].

SP = (Cl−+SO4
2−) (5)

Concentration of Cl−, and SO4
2− in meq L−1 = mmole

CL−1

3. Residual Sodium Carbonate (RSC) as mentioned by
[12].

RSC = (CO2−
3 +HCO−

3 )− (Ca2++Mg2+) (6)

Concentration of CO3
2− , HCO3

− , Ca 2+ and Mg
meq L−1 = mmole CL−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].

2.5 Classification of irrigation water:
There are numerous international systems for irrigation

water classification, some of them were selected in this inves-
tigation, because they are affecting by ion pairs and activity
of ions, which are:

1- Richard’s classification:

This classification (Richard’s classification, 1954) cate-
gorized 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. Depending on crossing
between C and S as shown from Table 1 [13].

This classification (Richard’s classification, 1954) cate-
gorized 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 crossing between C and S types such as
C1S1 to C4S4. as shown from Table 1 [13].

2- Donnen classification:

This classification depending on soil permeability and wa-
ter salinity potential [14] as shown in Table 2 below:

3-Wilcox classification:

[15] This classification depends on Residual sodium car-
bonate (RSC) value., which classified irrigation water into 3
classes [15] as explained in Table 3 below:

4- Ayers and Westcot classification (1994):
They classified the water depending on numerous parame-

ters and only three of them were selected since they had great
relation with this study as explained in Table 4 below [16].

3. Results and Discussion:
The properties of the study groundwater or raw data were

used in a special program after testing accuracy of data ac-
cording to the model mentioned by [1] to determine ion pairs,
activity, activity coefficient and some parameters Table 5 and
6.

Table 7 Range, mean and standard deviation for the prop-
erties of study water samples before and after correcting ion
pairs and activity. As shown Table 7.

The values of SAR, SP, RSC, SAR∗∗, SP∗∗, RSC∗∗ and the
ratio between them were recorded in Table 9 after conversion
the raw data to (meq L−1). The results indicated that correct-
ing 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

Kirkuk J. Sci. Vol. 20 Iss.2, p. 14-32, 2025
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Table 1. Water classes according to EC.

EC (dS m−1 at 25 oC) Water class SAR Value class Classes and properties

≤ 0.25 C1 <10 S1 C1S1 = Excellent with Low salinity

0.25 - 0.75 C2 10 - 18 S2 C2S2 = Good with Medium salinity

0.75- 2.25 C3 18 -26 S3 C3S13 = Fair with High salinity

> 2.25 C4 >26 S4 C4S4 = Poor with Very high salinity

Table 2. Water categories depending on Donnen,s classification [14].

Positional of salinity (SP) SP = (Cl − + 1/2 SO4
2−) mmolc L−1.

Water Category Soil permeability

High Moderate Low

Good Less than 7 Less than 5 Less than3

Moderate 7 to 15 5 to 10 3 to 5

Bad More than 15 More than 10 More than 5

Table 3. Wilcox classification depending on Residual sodium
carbonate (RSC) value.

Water classes of irrigation water RSC (mmolc L−1)

Probably safe Less than 1.25

Marginal 1.25 to 2.5

GUnsuitable More than 2.5

versa for Na (Table 8 and 10).

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 8. The mentioned correction caused
0.19.-1.17 times increase in RSC∗∗ /RSC due to high con-
tributing of Ca, Mg and HCO3− in ion pairs and their low
activity coefficients (Table 8 and 10).

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 [1] and disagree with [16], [17] and [18] due to
differing in the location of study area and their geological
formation.

SAR, SP and RSC = their values (meq L−1) depending on
concentration or before correction SAR∗∗, SP∗∗ and RSC =
their values (meq L−1) depending on ion pair and activity or
after correction. The focus was on types of ion pairs and their
concentrations that determined from raw data using special
program Table 10. 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.

The amount of ions which contributed in ion pairs are
documented in Table 10. These were calculated from differ-
ent 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 > HCO 3
−. Water classification: The study waters

were classified according to some classifications which are af-
fecting by correcting ion pairs and activity as explained below:

1- Richard classification [12]:

The results of classification depending on EC and SAR
values in Table 9 were summarized in Table 11. The results
indicated that before correcting ion pairs and activity the wa-
ter of (9, 1, 22 and 4) wells had C3S1, C3S2, C3S1 and C4S2
classes respectively , while after correcting ion pair and activ-
ity the water quality for (9, 1, 16, 8, 1 and 1) wells had C3S1,
C3S2, C4S1, C2S4 and C4S3) respectively Table 12.

Kirkuk J. Sci. Vol. 20 Iss.2, p. 14-32, 2025
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Table 4. Ayers and Westcot classification (1994) depending on some selected parameters.

Potential irrigation Unite Degree of restriction of use (classes)

Salinity (EC) Ds m−1 None Slight to moderate Severe

Salinity (EC) < 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

It means that correcting ion pair and activity caused con-
version the water class of some wells to bad class for example
the water of (4, 1 and 1) wells or the water for wells number
(7, 12, 17, 19 and 22) were changed from C4S1 to C4S2 and
water for well number 18 changed from C4S2 to C3S3 respec-
tively. This may be due to high initial SAR values of water
for the mentioned wells mentioned wells Table 9. 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], 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).

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 9 explains that 72.22%
of wells had high saline water which ranged from 2.25 to
18.50 dS m−1.

Figure 3 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 respec-
tively. 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 [17] and [19].

Figure 4 Refers to spatial distribution of SAR∗∗ after cor-
recting ion pairs and activity which caused increase in SAR∗∗

values in comparing with SAR before correcting. The correc-
tios 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].

2- 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 9 and 7). As shown from Table 12 and depending
on SP and SP∗∗ values in Table 9 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, 7
and 20) 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 11 While 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 [4].

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 differing in geological formation of the study area
(High gypsum and spots of halite) [17], [18], [19] and [20].
Correcting ion pairs and activity caused change the of 4 well
from bad to moderate quality due to the reasons mentioned
before.

3- Ayers and Westcot classification:

Kirkuk J. Sci. Vol. 20 Iss.2, p. 14-32, 2025
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Figure 2. Shows the area and the locations of the study wells.
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Figure 3. Shows the area and the locations of the study wells.
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Figure 4. Shows the area and the locations of the study wells.
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Figure 5. Shows the area and the locations of the study wells.
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In Ayers and Westcot classification the focusing is on both
SAR and HCO3 [15], because only these two parameters were
affecting by correcting ion pair and activity Table 12. De-
pending 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. 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 [6].

As shown from table 12 correcting ion pairs and activity
caused conversion the water of 2 wells from non-restriction
of use to slight-moderate restriction of use. Figures (3 and 4)
indicates to difference between the SAR value before and be-
yond correcting ion pairing and activity, that caused increase
in SAR values then changing the water of some wells to the
worse class.

4. Conclusion:
The groundwater in the study area is slightly saline to saline

water, it means most of them not suitable in case of using drip
and sprinkler irrigation method. While for surface irrigation
and tolerance and semi tolerance plants are suitable depending
on amount of ions contributing in ion pairs since ion pairs are
not absorb by plant. It means this phenomenon had positive
effects on classification saline water especially if the dominate
ions are magnesium, calcium bicarbonate and sulphate.

5. 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 increase
in contributing ions in ion pairs then decrease its risk
for irrigation.

3. Cultivation of tolerance and semi tolerance plants in

some locations of the study area depending on the salin-
ity of water.

Kirkuk J. Sci. Vol. 20 Iss.2, p. 14-32, 2025
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Table 5. properties of the studied waters before correcting ion pairs and activity.

no. Location pH EC Ca2+ Mg2+ K+ Na+ Cl− SO42− CO32− 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 74.60

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 3.907 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 73.20

19 Ankawa 7.3 6.80 10.50 6.40 0.20 33.90 36.00 10.20 0.00 2.80

20 chwar goman 7.1 4.86 11.45 8.40 0.20 8.70 6.40 718.35 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

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 2.717 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 0.20 135.89 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 45.30 717.49 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 3.10 36.40 25.20 17.20 0.00 1.00

36 Majd malaqara 8.0 4.02 9.25 5.70 0.20 10.00 8.50 14.70 0.00 1.00
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Table 6. Physiochemical properties of the studied waters after correcting ion pairs and activity.

Wells number pH EC Ca+2∗∗ Mg+2∗∗ K+∗∗ Na+∗∗ Cl−∗∗ SO−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

25 7.2 18.50 2.23 2.26 0.08 117.00 79.90 35.90 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 71.90

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
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Table 7. Range, mean and standard devition.

Unit Before correcting ion pairs and activity After correcting ion pairs and activity Activity coefficient

W
at

er
pr

op
er

tie
s Range Mean S D Range Mean S D Range Mean S D

mmolc L−1 mmolc −1 ∗

EC dS m−1 18.50-0.89 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+ 45.50-0.75 16.26 12.19 17.29-0.46 5.61 4.61 0.61-.0.38 0.427 0.08

Mg2+

m
m

ol
L
−

1 37.59-0.38 10.04 9.48 14.82-0.24 4.04 3.60 70.63-0.39 0.46 0.09
K+ 3.10-0.10 0.16 0.49 2.61-0.09 0.17 0.37 0.90-0.84 0.81 0.09
Na+ 135.87-3.00 11.75 24.16 117.0-2.77 10.03 13.80 0.92-0.0.86 0.83 0.03
Cl− 79.90-1.60 12.36 19.93 79.90-1.60 12.36 19.93 1.00 – 1.00 1.00 -

SO4
−2 97.70-2.90 17.20 20.56 71.80-1.47 5.66 4.81 0.73-0.51 0.55 0.10

HCO3
− 4.60-0.95 2.78 0.81 3.96-0.75 2.21 1.75 0.86-0.78 0.79 0.09
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Table 8. Influence of correcting ion pairs and activity on some water parameters and their ratios.

NO. EC SAR SAR∗∗ SAR∗∗/ SP SP∗∗ SP∗∗/SP RSC RSC∗∗ RSC∗∗/

(dS m-1) (mmolc L-1)0.5 SAR (mmolc L−1) mmolc L−1 RSC

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

16 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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Table 9. 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 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)−

m
m

ol
L
−

1 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

Table 10. Influence of correcting ion pairs and activity on
some water parameters and their ratios.

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 No change

C3S2 1 C3S2 1 0 No change

C4S1 22 C4S2 16 -6 Decrease

C4S2 4 C4S2 8 +5 increase

0 0 C4S3 1 +1 increase

Table 11. Classification the water of study wells depending
on (SP) [14].

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
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Table 12. Effects of correcting ion pairs and activity on water classes.

Pa
ra

m
et

er
s Water classes before correction Water classes after correctios Change in water classes

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
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