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Abstract:

This study was conducted to investigate the effect of ion pairs and ion activity on
classification of ground waters. The investigation was included chemical analyses of
water of (38) wells, according to Richards (US) classification (1954) the water of (18)
wells having C,S; class, water of (16) wells having C3S; class and the water of (4) wells
were not suitable for irrigation since they have C,S; class. Correcting ion pairs and
ionic activity caused the change of water class of well number (38) from C,;S; to C4S;
class. On the other hand, correcting ion pairs and ion activity caused the change of
water classes of wells number (24, 25 and 27) from moderate class to good class and
has changed water of well number 30 from bad to moderate class, the similar effect of
ion pairs and ion activity noticed in some other classifications.
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|. Introduction: therefore it is necessary to highlight on
Water is an essential element for their role in groundwater classification for
maintaining a productive environment and irrigation.
adequate food supply for human, animal The phenomenon of ion pairs has
and plant population [1]. The areas of been defined as a process when soluble
irrigated lands in Iragi Kurdistan region is cations and anions in irrigation water will
expanding very slowly due to the shortage approach to each other for a distance of
of irrigation water and irrigation projects. five angstrom or less, this causes the
The irrigation water quality depends on connect ions which have different charges
the water resources, chemical composition through columbic force while each of the
of the rocks, soils in surrounding connected ions keeps its hydration shell,
catchment areas, impoundment run-off (4and 5).
water, environmental factors.......... .. etc. The relation between concentrations
Numerous studies have been done on and the ionic activity was described by [5]
groundwater quality in Kurdistan Region as follow:
during the last six decades, but they have B = FE Covvvvvevien e enie e see e [4]
not included ion pairs and ionic activity. It Where: a = lonic activity, y = Activity
has been shown that the ion pairs and coefficient, and ¢ = lon concentration.
ionic activity are playing an important role The ionic strength (1) of water was
in limiting groundwater suitability and calculated by the following expression:

their classification for irrigation [3],
177
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I = % S o 2
Where: Ci is the actual molar

concentration of each ion in the solution
and Zi is its valence.

The ionic strength plays an important role
in the Davies equation as follows :

4 f (if — [|31)
L+vee ) [6]

Where: | = lon strength (mol.L™). A =
0.509 at 25 C° has been modified to be use
uptol=0.1molL®. ,B=0.3285at 25
C° , Zi = lonic charge, d = lon size
parameter.

There are numerous classifications for
irrigation water; in this investigation the
following classifications were depended:

A. US DA classification (1954) [6]:

log; =

and sodium adsorption ratio (SAR).

B. Doneen Classification (1954)
This investigator was depended on soil
permeability and salinity potential (SP) of
irrigation water for classification of waters
into (3) classes as follow [7]:

Water  SP=[CI" +0.5 SO,*] mmol..L™"
quality High  Moderate  Low
Good <7 <5 <3
Moderate  7-15 5-10 3-5

Bad >15 >10 >5

C. Wilcox classification (1955):
Depending on residual sodium carbonate
(RSC = [CO3+HCO3] - [CatMg] ) the
irrigation water had been classified to into
three classes [8] as follow:

Water class RSC(mmol..L™)
Probably safe <1.25
Marginal 1.25-2.50
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Unsuitable >2.50

D. Ayers and Westcot classification:

The most accepted classification of
irrigation water depending on ECiw, the
permeability of the soil, toxic effect of
ions and the side effects of some ions was
proposed by [9].

Degree of restriction

of use
s S € Slight to
= - O P
S S5 @ moderate 2
S 2 o &
o .= o pd
: N~ o
24 9 %
g 0.7-3.0
: 5 3
» 9 3-9 R

Since there are numerous studies
about the water quality for irrigation
purpose, but most of them are not
included ion pairs and ionic activity for
the above reasons, the aim of this study
was to throw light on the role of
correcting ion pairing and ionic activity in
classification of some ground waters in
Erbil plain, Kurdistan region, Iraq for
irrigation purpose.

Il. Materials and methods:
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This study was conducted during the
hydrological year from October 2009 to

September 2010 which involved the
following steps:
Water samples were taken at

seasonal intervals during the water year
(from October 2009 to September 2010)
from 38 locations in Erbil plain (figure,

1) water samples were collected at each :

location according to [10]. In return to
laboratory water samples were kept in a
refrigerator. The chemical properties of
water samples did not differ significantly
among the studied seasons and did not
caused change in water class ,therefore
the classification was done depending on
means of the water chemical properties
during the studied period. The water
chemical analyses included (pH, EC,
concentration of (Ca?*, Mg?*, Na*, K,
COs%, HCOs , CI" and SO,*) which
were determined according to the
standard methods mentioned by APHA
(1989). lon pairs and ion activity were
determined according to ion pair
program [11].

1. Results and discussion:
Classification of water for irrigation:

The results of ground water
classification according to [6, 7, 8 and 9]
were recorded in table (I). Effect of ion
pairs and ionic activity on water
classification. Correcting for ion pairs was
caused conversion of some studied water
from one class to another depending on
some global classification of irrigation
water as follows:

wells.

Correcting ion pairs has led to an increase
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Fig.1: Locations map of the studied area.

in the SAR to a certain level without
conversion water quality from class to
another class (figure, 2). While correcting
ion pairs and ionic activity was caused a
conversion of water class of well number
(38) from (C4S;) to (C4Sy) class depending
on [7]. Depending on [10] correcting of
ion pairs caused change of water class of
the well number (38) from (slight to
moderate  severe class) degree of
restriction of use classes to (severe class)
degree of restriction of use classes. While
the correction of ion pairs and activity
caused the change of water class of the
well (23) from (none severe class) to
(Slight to moderate severe) degree of
restriction of use classes respectively. This
may be due to high contribution of Ca**
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and Mg®" in ion pairing (0.03- 6.36) and
(0.02-5.46) mmolc.L™ respectively in
comparing with sodium ion (Na*) (0.001-
0.734) mmolc . L, the highest activity
coefficient of Na" (0.88) in comparing
with Ca?* and Mg®* (0.62 and 0.64)
mmolc.L™? respectively. This caused an
increase in SAR values after correcting
ion pairs and activity. Correcting of ion
pairs and ionic activity caused (1.11 and
1.25) times increase in SAR values. This
due to the reasons mentioned before.
Similar results were recorded by [11 and
12].

Effect of ion pairs and ionic activity
on groundwater classification depending
on salinity potential:

Figures (3, 4 and 5) show the effect of
correcting ion pairs and ionic activity on
water classification for irrigation purpose
depending on salinity potential (SP) as
follow:

1- For low permeable soils the water of
wells (24, 25 and 27) were changed from
moderate class to good class and water of
the well number (30) was changed from
bad class to moderate class after
correcting ion pairs. While after correcting
ion pairs and ionic activity water of the
wells (26, 28, 29 and 31) were changed
from moderate classes to a good class and
water of wells (32 and 33) changed from
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bad class to moderate class. This due to
the high contribution of SO4 in ion pairs
which caused a decrease in the salinity
potential of the irrigation water (figure, 3).
2- For moderate permeable soils, the
correcting ion pairs of irrigation water
caused change water class of well number
(30) from moderate to good class and well
numbers (35) and (36) from bad to
moderate class, while correcting both ion
pairs and ion activity caused a change in
water class of the well number (32 and 33)
from moderate to good class and water
class of well number (34) changed from
bad to moderate class. These changes
were due to the reasons mentioned before
(figure 4).

3-For the high permeable soils, correcting
of ion pairs caused a change in water
quality of the well number (32 and 33)
from moderate class to good class, while
correcting of both ion pairs and ion
activity caused conversion in water
quality of wells numbered (35 and 36)
from moderate to good class and change
in water quality of well (38) from bad to
moderate class (figure, 5). These could be
due to high contribution of SO,* in ion
pairs (0.024 - 12.929) mmolc. L™ and low
value of its activity coefficient (0.60). The
above results are similar to those recorded
by [13, 14 and 15].
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Table.l: Classification of the studied water depending on some classification systems.
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Table.ll: The mean of some chemical properties of the studied water.

3 mmol..L™? H EC
Z "¢ Mg Na& Ko No; sof Hcop P ds.m
1 08 070 172 003 035 020 032 245 754 034
2. 223 133 045 002 031 033 048 298 748 041
3. 245 132 041 002 035 029 025 330 726 041
4 231 112 062 002 036 027 053 2905 769 042
5. 188 151 094 002 033 041 054 262 762 043
6. 234 147 052 002 042 038 051 300 723 045
7. 235 158 053 002 046 064 051 305 725 045
8 270 143 043 003 032 026 08 313 748 046
9. 284 154 063 002 040 043 053 371 730 049
10, 273 174 070 003 039 046 119 317 757 051
1. 295 179 070 003 044 064 157 284 741 054
12. 290 158 098 003 049 044 091 374 740 056
13. 313 165 066 002 057 067 076 327 712 056
14 364 198 072 002 045 085 235 294 738 064
15, 396 197 060 002 04l 053 255 309 756 065
16. 335 269 128 002 045 032 168 500 724 069
17. 346 253 122 004 061 063 141 449 733 070
18, 341 258 105 003 043 041 161 489 719 072
19 231 265 244 004 115 164 206 277 724 078
20. 391 256 188 003 054 030 172 553 708 079
21 441 318 167 003 057 045 284 538 715 083
22, 335 347 174 003 122 027 353 396 730 087
23 358 354 504 005 098 104 379 419 738 104
24 376 412 318 006 145 213 322 414 718 113
25 774 255 319 003 070 025 503 692 704 119
26. 446 538 362 003 124 032 593 611 708 124
27 388 500 377 019 130 059 404 612 745 129
28 741 409 257 003 077 023 651 685 705 133
20 468 578 387 007 155 049 496 721 716 137
30. 583 621 465 004 18 056 714 732 707 156
31 428 442 768 006 116 195 652 568 719 156
32 883 493 553 004 218 075 1047 616 731 186
33. 614 827 491 005 251 062 911 782 721 194
3. 553 548 1330 011 563 055 1716 177 762 245
35 776 1102 633 005 256 054 1646 740 707 249
36 1243 1085 202 013 186 008 1836 538 708 259
37. 18190 1556 17556 013 1147 327 3157 357 719 492
38 1668 1458 3005 015 439 260 5016 302 752 565
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Fig. 2: Effect of ion pairs and ionic activity on SAR values.

SAR= Sodium adsorption ratio before correcting ion pairs. SAR = Sodium adsorption ratio
after correcting ion pairs.

SAR "= Sodium adsorption ratio after correcting ion pairs and ionic activity.
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Fig. 3: Effect of ion pairs and activity on salinity potential of irrigation water for low
permeable soils. S.P = Salinity potential before correcting ion pairs. S.P* = Salinity potential
after correcting ion pairs. S.P** = Salinity potential after correcting ion pairs and activity.
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Fig. 4 Effect of ion pairs and activity on salinity potential of irrigation water for moderate

permeable soil. S.P = Salinity potential before correcting ion pairs. S.P* = Salinity potential

after correcting ion pairs. S.P** = Salinity potential after correcting ion pairs and activity.
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Fig. 5 Effect of ion pairs and activity on salinity potential of irrigation wate for high
permeable soils. S.P = Salinity potential before correcting ion pairs. S.P* = Salinity potential
after correcting ion pairs. S.P** = Salinity potential after correcting ion pairs and activity.
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1. Conclusion: irrigation water. Conversion the water
Correcting ion pairs and activity class from class to another class
causes increase in SAR value of depends on type and amount of ion
irrigation water, on the other hand pairs in irrigation water.

causes decrease in salinity potential of
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