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Abstract

Ten samples were taken from the Tigris River for five sites before (S.1), during (S.2,
S.3 and S.4) and after (S.5) the city of Kut for two seasons. The locations of these samples
were geographically determined by GPS, in addition to conducting physical analysis,
electrical conductivity, pH and temperature at the site. Chemical analyzers were carried
out in the Central Environmental Laboratory in Kut to determine the concentration of
cations and anions to determine the validity of the river water for different purposes in the
city of Kut. All samples of River water (both for the November, 2017 and February,
2018) do not give any color and odor and low alkalinity and pH value range between
(7.23 -7.55). The Range of TDS value is between (520 - 671) ppm, fresh water
(TDS<1000 ppm), and the range of EC value of the River water samples is between (990
to 1086) ps/cm. The (TH) values range between (237 to 345.5) ppm for two seasons, all
samples from River water are hard to very hard for two seasons. The results of the analysis
of major elements (cations and anions), in the River Water, showed that the predominant
ion in the anions are (SO4*) ions and cations is (Ca®*) ion. Comparing the quality of River
water with the standards of different uses, shows that water in Tigris River is suitable as
drinking, according to 1QS (2009). On the basis of Altoviski 1962) classification, the River
is good for livestock uses. On the basis of SAR Todd (1980) classification of irrigation
water, all the River water samples belong to excellent water class for both periods.

KEYWORD: Tigris River, suitable for drinking, classification of irrigation water, Wasit,

Iraq.
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The Tigris River flows from Turkish
territory and penetrates the Iragi-Turkish
border through Iraq and flows into the
Shatt al-Arab and supplies many of the
tributaries that originate from Iran and
Irag, such as the Upper and Lower Zab,
alezaim and Diyala. The interest in water
resources, the preservation of the quality
of their water and the deserts of the living
are important and vital to ensure domestic
and other services such as irrigation,
industry, agriculture, transport and power
generation. The world's freshwater
resources are sufficient if measured by the
average current consumption, but the
problem is that the water is not distributed
evenly on the surface of the earth on the
one hand, and that the rivers come from
natural sources, making them increase
and decrease on the other hand, as well as
the passage of many rivers away from
Human settlements or land is not suitable
for agriculture as in the Amazon River
and the rivers of Siberia [1 As well as,
many rivers with variable drainage
throughout the year may be flooded in
wet seasons as water is less needed and
dry in dry seasons as the need for water
increases [1]. Its rivers are one of the
most important water sources, on their
banks, civilizations, cities and industries
are built. Water has the ability to purify
itself from impurities Dby helping
environmental factors with this process of
self-purification if pollutants are within
the water source's ability to tolerate and
treat them [2]. In other words, a certain
volume of running water can carry a
limited amount and a certain amount of
pollutants [3]. Here lies the most serious
problem for the Tigris and Euphrates
Rivers, on the one hand, the water level in
the two rivers decreases year after year

due to drought and rain. As well as, the
investment of water is increased by
neighboring countries, on the other hand.
The amount of pollutants in the water are
increased, as a result of industry and
agriculture that depend on irrigating land
and the use of pesticides, fertilizers, poor
sanitation and garbage collection
methods. Where received the major rivers
in Irag, more than 400 million m® years of
waste materials. In Mosul alone, the
amount of liquid jetsam from the cities
estimated to reach the Tigris River is
about (6598) m* / h of effluent crude [4].

Aims of this Study:-

This work aims to Study the physical and
chemical properties of Tigris River water
moreover, it attempts to estimate the
volume of chemical pollution of the river
water and Water Quality for different
purposes in Kut city.

Sampling

The hydrochemical study involves
collecting the water samples, five sites
from the Tigris River (Fig. 1), and (Table
1), were collected in November, 2017 and
February, 2018. It was analyzed in the
laboratories of the Central Environment in
Kut City, it involves the major ions
including the cations, , Magnesium
(Mg?"), Calcium (Ca®"), Potassium (K*)
and Sodium (Na*) , the anions, Chloride
(CIN, Sulfate (SO,), Bicarbonate
(HCO3) , and minor elements Nitrate
(NO3). Also, it involves the data content
of the physical properties (temperature,
color, odor, EC, TDS, and TH), (Table 2,
3,4 and 5), (Fig. 1).
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Figure (1): Sampling Map of the Tigris River Water, Land Sat 7 (USGS).

Table (1): Location of All Stations Samples in Tigris River.

45°46'54"E 32°31'56"N
45°51'13"E 32°29'53"N
45°50'33"E 32°30'33"N
45°50'07"E 32°31'24"N
45°53'07"E 32°32'02"N
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Table (2): Major Chemical Cations and Anions in Tigris River in November, 2017.

ppm 98.5 22.1 3.1 68.8 2003 | 785 | 160.2 | 3.6

epm 4.92 1.84 0.08 | 2.99 9.83 1.62 | 417 221 | 2.62 0.05 |9.05 958 | 31.2
epm% | 50.05 | 18.71 | 0.81 | 3042 46.07 | 2442 | 2895 | 0.55

ppm 88.2 284 3.8 80.2 2105 | 90.3 | 1483 |5.2

epm 441 2.36 0.09 | 3.48 1034 | 1.89 | 4.38 254 | 243 0.08 |9.39 952 | 345
epm% | 42.65 | 22.82 | 0.87 | 33.65 46.64 | 27.05 | 25.87 | 0.85

ppm 90.3 255 3.5 755 201.3 | 852 | 1593 |43

epm 4.51 2.12 0.09 | 3.27 9.98 1.79 | 419 240 | 2.61 0.06 | 9.26 96.2 | 33.6
epm% | 4519 | 2124 | 090 | 32.76 45.24 | 25.91 | 28.18 | 0.006

ppm 91.3 26.1 3.4 73.2 198.2 | 825 | 1601 | 3.8

epm 4.56 2.17 0.08 | 3.18 9.99 1.73 | 412 232 | 2.62 0.06 |9.12 954 | 32.6
epm% | 4564 | 2172 | 0.80 | 31.83 45.17 | 2543 | 28.72 | 0.65

ppm 92.2 27.2 3.4 72.1 2034 | 809 | 1618 |44

epm 4.61 2.26 0.08 | 3.13 10.08 | 1.69 | 4.28 227 | 2.65 0.07 |9.22 955 | 318
epm% | 45.73 | 2242 | 0.79 | 31.05 45.87 | 2462 | 28.74 | 0.76

Table (3): Major Chemical Cations and Anions in Tigris River in February, 2018.

ppm | 724 | 135 | 28 | 613 1503 | 654 | 1303 | 3.1
epm 3.62 1.12 0.07 2.66 7.47 1.7 3.13 1.84 2.13 0.05 7.15 97.8 36.5
epm% | 48.46 | 1499 | 093 | 3561 4377 | 2573 | 29.79 | 0.69
ppm 75.7 154 3.2 70.1 170.6 75.2 120.4 3.4
epm | 378 | 128 | 008 | 304 | 818 | 19 | 35 | 212 | 1.97 | 005 | 769 | 969 | 38.1
epm% 46.21 15.65 0.97 37.16 46.16 27.56 24.62 0.65
ppm 73.1 14.4 3.1 66.7 160.7 71.6 128.4 3.2
epm 3.65 1.2 0.08 29 7.83 1.87 3.35 2.02 2.10 0.05 | 7.52 97.9 38
epm% 46.61 15.32 1.02 37.03 4454 26.86 27.92 0.66
ppm | 729 | 134 3 | 654 1654 | 678 | 1352 | 3.3
epm 3.64 1.11 0.07 2.84 7.67 1.84 3.44 1.91 2.21 0.05 | 7.61 99.6 37.9
epm% | 47.45 | 1447 | 091 | 37.02 4560 | 2509 | 29.04 | 0.65
ppm | 745 | 152 | 2.9 | 63.2 166.7 | 65.9 | 1315 | 4.2
epm | 3.72 | 1.26 | 007 | 2.74 | 7.79 | 1.74 | 347 | 1.85 | 2.15 | 0.06 | 753 | 98.3 | 36
epm% | 47.75 | 16.17 | 0.89 | 35.17 46.08 | 2456 | 2855 | 0.79

Table (4): Physical Parameters in Tigris River in November, 2017.
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Table (5): Physical parameters in Tigris River in February, 2018.

NO. pH EC pscm™” TDS mgl™ TH mgl™
S.1 7.45 990 520 237
S.2 7.55 1020 562 253
S.3 7.42 1010 548 242
S4 7.50 1008 545 237
S5 7.45 1011 550 250
Accuracy:

Accuracy is the coincidence with
standard measures [5]. The results of the
accuracy of the water sample analysis can
be indicated by the results of the reaction
error test (U), [5], [6], [7] and [8],

(Table 6).
r ) Cation =r K+rNatrMg+rCa

rY Anion=r HCO3 +rSO4 +r Cl +r
NO3

| r > Cation — )’ Anion | =A

S =r) Cation + )’ Anion
U % = (A/S) X 100
A=100-U

:Where

= Difference absolute value of sum of
.cation and anion

.S = sum of cations and anions
.U = (uncertainty) or reaction error

A = Accuracy

Table (6): Classification of Accuracy According to [6].

U A Class or type
U<5% A>95% Certain
10%>U>5% 90 % <A <95% Probable certain
U>10% A <90 Uncertain

When (U) reaction error or uncertainty is
(U <5 %) then the arrangement could be
accepted for interpretation, but if (5 %<
U< 10 %) then the results are acceptable
to gamble and if (U > 10 %), and hence
the results are uncertain. The reaction
error was identified between the
acceptable with some risk to acceptable
values. Therefore, the accuracy of the
surface water of Tigris River water,
(Table 7) for November, 2017 and
(Table 8), for February, 2018.
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Table (7): Accuracy of Chemical Analysis of the Tigris River Water Samples,
November, 2017.

Table (8): Accuracy of Chemical Analysis of the Tigris River Water Sample,

9.05 0.78 . Certain
10.34 9.39 0.95 19.73 4.8 95.2 Certain
9.98 9.26 0.72 19.24 3.7 96.2 Certain
9.99 9.12 0.87 19.11 4.6 95.4 Certain
10.08 9.22 0.86 19.3 4.5 95.5 Certain

February, 2018.

0.32 14.62 . 97.8 Certain
8.18 7.69 0.49 15.87 3 97 Certain
7.83 7.52 0.31 15.35 2 98 Certain
7.67 7.61 0.06 15.28 0.4 99.6 Certain
7.79 7.53 0.26 15.32 1.7 98.3 Certain
1-Result and Discussion (thermometer) in the area. The

1-1- Physical Properties
1-1-1- Color, Odor and Taste

Color, odor, and taste are very important
properties of surface water. In natural
water the odor and color come from
homes compounds and algae [9], and
[10].

The water in the Tigris River was
odorless and colorless.

1-1-2- Temperature

The temperature of water to be
completed measurement by

temperature is  affected by the
groundwater depth and movement [11],
and water temperature is very important
for geochemical reactions and the lifespan
of an organism. The range and average
temperature values of River water for two
periods are shown in (Table, 9).

The temperature value in the Tigris River

water samples in November, 2017, ranges
between (24.5-25.5 C°) with an average
value of (25 C°). Whereas, in February,
2018, the temperature value of the River
water samples ranged between (16.5-18.5
C°) with an average value of (17.2 C°).

Table (9): Range and Average temperature( C° )for two periods in the study area.

1-1-3- pH Value

Range 24.4-25.5
Average 25

Range 16.5-18.5
Average 17.2
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pH is one of the most important
operational quality parameters of water
[12]. The pH of a solution indicates the
effective concentration of the hydrogen
ion, (H"). The units of pH are the negative
logarithm of hydrogen ion concentration,
expressed in moles per liter [13]:

pH =-log H"

High pH values are normally connected
with water high in carbonates [9], this
relation is open with the final results of
the present study. PH value in the River
water samples in November, 2017, ranges
between  (7.23-7.35).  Whereas, in
February, 2018, the pH value of the River
water samples ranged between (7.42-
7.55). The pH value in February, 2018 is
more eminent than those of the
November, 2017 because of increasing
dilution as a result of CO? reaction with
rain, which heads to release the
bicarbonate ion and increase alkalinity.
(Table 4 and 5).

1-1-4- Total dissolved Solid (TDS)

Total dissolved solid represents the entire
amount of cations and anions [14]. It is
measured by the (ppm) or (mg/l) units.
Total dissolved solid is a measure of the
total of minerals dissolved in water, it is a
very good parameter in the evaluation of
water quality [15]. It is named as salinity
[16]. Total dissolved solid comprises an
inorganic salt (calcium, magnesium,
Sodium, potassium, bicarbonate, chloride,
and sulfate) and a small amount of
organic matter that is dissolved in water
[17]. However, [9] and [18] defined total
dissolved Solid as the all solid material in
the solution, whether ionized or not and
does not include suspended sediment,
colloids and dissolved gasses. The range

TDS values of River water for two
periods shown in (Table 4, 5 and 7).

The TDS value in the samples of River
water of the study area in November,
2017, ranges between (663-671) ppm.
Whereas, in February, 2018 the TDS
value of the River water samples ranged
between (520-562) ppm, (Table 4 and 5).

1-1-5- Electrical conductivity (EC):
Electrical conductivity of water is the
ability of water to conduct an electrical
current, it is measured in micro-Siemens
per centimeter (ps/cm), and it is a
function of temperature, concentration of
different ions and type of ions present
(Hem, 1989 and Todd, 1980). Specific
conductance readings are commonly set
to 25 C’, so that variations in conductance
are a function only on the concentration
and character of dissolved constituent
present (Walton, 1970).

The (EC) of the Tigris river water
samples were measured in the field by a
Digital device that adjusted to (25) C'.
The EC value in the River water samples
in  November, 2017, ranges between
(1055-1086)  us/cm.  Whereas, in
February, 2018 the EC value of the river
water samples ranged between (990-
1020) us/cm, (Table 4 and 5).

2- Assessment Water Resources of
Tigris River

2-1- Major lons-Cations
2-1-1- Potassium lon K*

Weathering results are an important
source of potassium production such as of
biotite, orthoclase, nepheline and leusite
in igneous and metamorphic rocks [13].
The solubilities of potassium salt are all
high and generally similar in magnitude
to the solubilities of sodium salts [9] and
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[19]. The potassium ion (K"
concentration of the river+ water samples
in November, 2017, ranges between (3.1-
3.8) ppm. Whereas, in February, 2018 the
potassium ion (K") concentration of the
river water samples ranged between (2.8-
3.2) ppm, (Table 2 and 3).

2-1-2-Sodium lon Na*

The main sources of sodium in natural
water are from the release of soluble
products during the weathering of
plagioclase  feldspars [7]. In the
evaporated deposits, the solution of halite
is very important. Under certain
condition, the clay minerals release large
quantities of exchangeable sodium [9].
All natural water contains measurable
quantities of sodium. The source of
sodium ion in the Tigris River Water is
from the clay minerals, which exist in the
study of the soil area and from
evaporation deposits. The Sodium lon
(Na") concentration of the river water
samples in November, 2017, ranges
between (68.8-80.2)ppm. Whereas, in
February, 2018, the Sodium lon (Na")
concentration of the river water samples
ranged between (61.3-70.1)ppm. The
change of Sodium lon concentration in
Tigris River water samples due to change
of clay layers in the studied area. The
decrease of (Na’) concentrations in
November due to the dilution process by
rainfall, (Table, 2 and 3).

2-1-3-Calcium lon Ca®"

The primary origin of calcium ion in
water is chemical weathering of rocks.
Calcium ion is one of the most common
cations in water. The source of calcium
ion in ground water is calcite, aragonite,
dolomite,  limestone,  gypsum in
sedimentary rocks and  pyroxene,

amphibole, and feldspar in igneous and
metamorphic rocks. Calcium cement
material is in dissolution of rock
fragments and soil [9]. The calcium
percent in sedimentary rocks are 30.23 %
[20].

The Calcium lon (Ca*") concentration of
the river water samples in the November,
2017, ranges between (88.2-98.5) ppm.
Whereas, in February, 2018, the calcium
lon (Ca®*) concentration of the river water
samples ranged between (72.4-75.7) ppm,
(Table, 2 and 3).

2-1-4-Magnesium lon Mg**

The most abundant constituents of the
alkaline earth group of metals,
magnesium forms approximately 2.1%
weight of the earth's crust [21].

The most usual sources of Mg*? in the
hydrosphere are the dolomite in
sedimentary  rocks, olivine, biotite,
hornblende, and augite in igneous rocks,
and serpentine, talc, Diopside, and
tremolite in metamorphic rocks. This
remainder is probably owing to the slow
dissolution of dolomite together with the
greater abundance of calcium in the
earth's crust [9].

The presence of magnesium ions in the
water like that of calcium ions causes
hardening of water [11]. The magnesium
lon (Mg®") concentration of the river
water samples in November, 2017, ranges
between (22.1-28.4) ppm. Whereas, in
February, 2018, the magnesium lon
(Mg?") concentration of the river water
samples ranges between (13.4-15.4) ppm,
(Table, 2 and3).

2-2-Major lons-Anions

2-2-1-Chloride lon CI’
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Chloride is a minor part of the earth's
crust, but a major dissolved constituent of
most natural water. Most chloride in
ground water comes from four different
sources. The first source , chloride comes
from the ancient sea water trapped in
sediments, the second one, comes from
the solution of halite and related minerals
in evaporating deposits, the third comes
from concentration by evaporation of
chloride contributed by rain or snow, and
the fourth, comes from the solution of dry
fallout from the atmospheres particularly
in a ride regions [9]. In surface water, the
concentrations of chloride are lower than
those of bicarbonate or sulfate.
Exceptions occur where water receives
inflows of industrial waste or high
chloride groundwater [19]. In addition to
natural sources, according to [17] chloride
ions in drinking water originate also from
industrial effluents and sewage, urban
runoff containing de-icing salt and saline
intrusion. The chloride ion concentration
of the river water samples in November,
2017, ranges between (78.5- 90.3)ppm.
Whereas, in February, 2018, the chloride
ion concentration of the river water
samples ranged between (65.4-75.2) ppm,
(Table, 2 and3).

2-2-2-Sulfates lon (SO,%)

Sulfate ions are mostly recycled from the
atmosphere and from the solution of
sulfur minerals in sedimentary rocks.
Sedimentary rocks, particularity organic
shale, may also generate large amount of

3-Minor lons:
3-1- Nitrate (NO3)

Nitrate is a stable ion over a considerable
range of conditions and is very mobile in
water [7]. The important source is the

sulfates through the oxidation of
Marcasite and pyrite [9], dissolution of
evaporates rocks like gypsum, anhydrite
and sulfate sodium. All atmospheric
precipitation contains sulfate [9]. The
Sulfate ion concentration of the river
water samples in November, 2017, ranges
between (198.2- 210.5) ppm. Whereas, in
February, 2018, the sulfate ion
concentration of the river water samples
ranged between (150.3-170.6) ppm,
(Table, 2 and3).

2-2-3-Bicarbonatelon (HCOs), (CO5?)

Alkalinity is a trusty measure of
carbonate and bicarbonate ions for most
natural water. The main source of carbon
dioxide types that product alkalinity in
groundwater or surface water is the CO?
gas fraction of the atmosphere, or the
atmospheric gases present in the dirt or in
the unsaturated zone lying between the
surface of the ground and the water table
[22]. In the studied area, the total
alkalinity is due to the bicarbonate ions,
because if the (pH) value of the water
samples are less than (8.2) and above
(4.5), then the alkalinity is due to
bicarbonates only [9]. The bicarbonate
(HCO3) ion concentration of their water
samples in November, 2017, ranges
between (148.3- 161.8) ppm. Whereas, in
February, 2018, the bicarbonate ion
concentration of the river water samples
ranged between (120.4-135.2) ppm,
(Table, 2 and 3).

oxidation by bacteria of nitrogen or
nitrogenous substance in decomposing
organic matter or sewage [23]. Nitrate
also originates from agricultural activities
due the use of plant foods and non-
agricultural source like animal waste [24].
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The nitrate ion concentration of the river
water samples in the November, 2017,
ranges between (3.6- 5.2) ppm. Whereas,
in the February, 2018, the nitrate ion
concentration of the river water samples
ranged between (3.1- 4.2) ppm, (Table, 2
and 3).

4- Total Hardness (TH):

Total hardness mainly reflects, water
contents of calcium and magnesium ion,
and it is told by its equivalent from
calcium carbonate, according to the next
equation, [7], total hardness as:

TH = (Ca + Mg) x 50
Where TH, Ca?* and Mg?* expressed in
(epm).

According to [11] and [20]:

TH=2.497 Ca +4.115 Mg
Where TH, Ca, Mg expressed in (ppm).

The (TH) values concentration of the
river water samples in November, 2017,
ranges between (331.5 -345.5) ppm.
Whereas, in February, 2018, the (TH)
values concentration of the river water
samples ranged between (237-253 ppm),
(Table, 2 and 3).

5-Total dissolved  solid (TDS)
classification:

According to [9] and [25] classification
water on the base of the (TDS), (Table,
10). AIll water samples considered in
Tigris River water to be of fresh water
(TDS<1000 ppm).

Table (10): Classification of Tigris River Water Depending on (TDS) According to
[Davis and Dewiest, 1966] and [Drever, 1997].

Water TDS (ppm) | TDS (ppm)

Class [Davis and [Drever,

Dewiest, 1966] 1997]

Range of TDS in Tigris River | Class of
water water
in the

November, 2017 February,

Tigris

2018 River
Fresh water 0-1000 <1000 663-671 520-562 Fresh
Brackish water 1000-10000 1000-2000 water

Salty water 10000-100000

Saline water 35000

Brine water >100000 >35000

6- Water Quality for different
purposes:

River water by giving quality is suitable
for a particular purpose depends on the
criteria or standards of acceptable quality
for that use. Quality limits of water
supply for industrial purpose, drinking
water and irrigation because of its
extended development for this purpose
[11]. Hence it is necessary to divide water
according to the world and local standard

10

specifications to see the suitability of
water to the different uses. Tigris River
water utilized for different aims, so it is
necessary to determine its suitability for
the different functions.

6-1-Tigris River water Uses for Human
Drinking Purposes:

Usage water for drinking depends on the
ionic concentration of water, TDS and
other components. The [17] and [26] were
used as a standard specification in this
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study. When the ionic concentrations
exceed the allowable limits for drinking
water, water, then is not recommended for

drinking. Water quality can be
standardized and specified by means of
indications  expressing the limiting

concentrations of relevant components
and other water properties with respect to

their health effect. At that place values
have to be inferred from the character and
intensity of impact of the relevant
portions of the human organism [27]. The
water in Tigris River is suitable as

drinking,
(Table, 11).

according

IQS  (2009),

Table (11): Comparison of the River Water in the Studied Area with the [Iraqi
standards, 2009] and [WHO, 2008] Standard of Human Drinking Purpose.

Iraqi WHO Tigris River Water
Components Standard Standar2008) November, February, 2018
(2009) (ppm 2017
(ppm Range Range
PH 6.5-8.5 7-8 7.23-7.35 7.42-7.55
EC 1500 1530 1055-1086 990-1020
TDS 1000 1000 663-671 520-562
TH 500 100-500 331.5-345.5 237-253
Ca™ 100 75-200 88.2-98.5 72.4-75.7
Mg*™ 50 30-150 22.1-28.4 13.4-15.4
Na" 200 200 68.8-80.2 61.3-70.1
K* - 12 3.1-3.8 2.8-3.2
cr 350 250 78.5-90.3 65.4-75.2
SO, 400 250 198.2-210.5 150.3-170.6
HCO; - - 148.3-161.8 120.4-135.2
NO; 50 50 3.6-5.2 3.1-4.2
6-2-Tigris River Water Uses for On the basis of Altoviski classification

Livestock Purpose:

6-2-1- Suitability according to major
ions, TDS, and TH

The Tigris River had been
evaluated for livestock uses depending on
the classification suggested by [28]. This
classification is based on some of the
major cations and anions, Total Dissolved
Solids (TDS), and Total Hardness (T.H)
are considered as a base for assessment.

11

the River water is very good for livestock

uses for November, 2017 and February,

2018, (Table, 12).
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Table (12): Classification of livestock water [Altoviski, 1962].

2000 | 2500 | 4000 73.9 65.3

350 700 800 900 | 1000 921 73.7
150 350 500 600 | 700 25.8 14.3
900 2000 3000 | 4000 | 6000 83.5 69.2
1000 2500 3000 | 4000 | 6000 202.7 162.7

3000 5000 7000 | 10000 | 15000 | 667.6 545
1500 3200 4000 | 4700 | 54000 338 243.8

6-3- River water Uses of Irrigation and
Agricultural use:

The standard of Irrigation water depends
on the types of plants amount of irrigation
water, climate and soil [9]. The
suitability of water for irrigation depends
upon its own quality as well as upon the
other factors. The same quality of water
may considered as suitable for a certain
type of soil or crop, but is unsuitable for
others [29].

6-3-1- Salinity (TDS): The quality of
irrigation water which is considered the

most significant element is defined by
their soluble component which includes
its total salt content ionic composition,
and presence of minor components.
Surface water is classified according to its
salinity by (FAO classification) for
irrigation water according to its salinity
which lies in six categories after [30],
(Table, 13).Based on this classification,
the Water samples of Tigris River are of
class (Slightly Saline) type for both
periods.

Table (13): Classification of Irrigation Water According to Salinity [Rhoades, et.al,

1992].

<0.7 <500 Drinking and irrigation water

0.7-2 500-1500 Irrigation water

2-10 1500-7000 Primary drainage water and

groundwater

10-25 7000-15000 Secondary drainage water
and groundwater

25-45 15000-35000 Very Saline groundwater

> 45 > 35000 Sea water
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6-3-2- Percent Sodium, Na%o: The concentration is expressed in
milliequivalents per liter, based on the
[11], classification of irrigation water
according to the percent sodium, in the
River water samples indicate good
irrigation water class for two periods,
(14).

The sodium content is commonly
expressed in term of percent sodium. It is
an approximation of the sodium hazard of
irrigation water, it expresses of sodium
out of the total cations. Na% is calculated
by the following formula [11]:

(Na + K)
Na% = X 100

(Ca+ Mg + Na + K)
Table (14): Classification of Irrigation Water Based on a Na % [Todd, 1980].

Water Class Na % Ec p/cm
Excellent <20 <250
Good 20-40 250-750
Permissible 40-60 750-2000
Doubtful 60-80 2000-3000
Unsuitable > 80 > 3000
6-3-3- Sodium Adsorption Ratio (SAR): SAR =rNa/ [r (Ca+Mg) /2]0.5
The sodium hazard is limited by the Classification of irrigation water based on
absolute and relative concentrations of the SAR values is shown in table (15) by
cataions and can be measured through the [11].

(SAR) sodium adsorption ratio, because
of its direct relation to the absorption of
sodium of soil [11], it is delimited by:

Table (15): Classification of Irrigation Water Based on SAR Values [Todd, 1980].

SAR Water Class
<10 Excellent

10-18 Good

18-26 Fair

> 26 Poor

On the basis of this classification, all of the November, 2017 and February, 2018)
the River water samples for excellent do not give any color and odor.
water class of both periods, in which

2- All water samples in the study area are
SAR <10.0, (Table, 15).

generally of low alkalinity, with (pH)
Conclusion: value range between (7.23 to 7.55).

1- All samples of River water (both for 3- The temperature value in the River
water samples in November, 2017, is (25

12
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C°. Whereas, in February, 2018, the
temperature value is (17.2 C°).

4- The TDS value in the River water
samples in November, 2017, with an
average value of (667.6) ppm. Whereas,
in February, 2018, it is (545) ppm. All
water samples considered in Tigris River
water to be of fresh water (TDS<1000
ppm),  Salinity  decreases  through
February, 2018, in river water because the
dilution of water from rainfall.

5- The EC value in the River water
samples in November, 2017, (1072.6)
us/cm. Whereas, in February, 2018, it is
(1007.8) us/cm.

6- The (TH) values concentration of the
river water samples in November, 2017,
IS (338) ppm. Whereas, in February, 2018,
the (TH) values concentration of the river
water samples is (243.8) ppm, all samples
from River are very hard in November,
2017, but all samples from River water is
hard in February, 2018.
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