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ABSTRACT

The Tigris River represents one of the main sources of water with the Euphrates River in Iraq. Iraq is
plagued by a water shortage as well as water resource management issues and these can be impact on the
water quality. For these reason, the study area included the water of the Tigris River to show effect of the
shortage of the annual flow on the water quality. The length of the Tigris River in Iraq is 1900 km2 and
includes (534) km2 into the study area, Six stations along the Tigris River starting from Mosul station (North
part) to the Al-Azizziyah station (Middle part) of Iraq. All samples were analyzed for physiochemical
parameters such as water temperature, pH, EC, TDS, TH, major ions (Ca2+, Mg2+, Na+, K+, SO4

2-, Cl-, CO3 and
HCO3), and nutrients (NO3). Also, using the available historical climate data includes (Rainfall and
Temperature) and Annual flow of the Tigris River for the period (1990-2020). Suitability of water for Irrigation
uses was evaluated depending on the criteria or standards of acceptable quality for that use. In addition to
the statistical correlation coefficient method was applied also. Water of the Tigris River were classified as
CaHCO3- water type at ST.1 and ST.2, While, from ST.3 to ST.6 classified as NaSO4-water type. Suitability
of water for drinking purpose is evaluated depending on the criteria or standards of acceptable quality for
that use (WHO and Iraqi Standard). All surface water stations of the Tigris River are unsuitable for drinking
and not within the standard quality criteria for most of physiochemical parameters. Additionally, ST.1
and ST.2 fell within Excellent class, while, from ST.3 to ST.6 fell within the Permissible class based on the
suggested limits of EC value (Ayers and Westcot, 1985) for irrigation. According to the Don (1995)
classification of the irrigation water depend on sodium hazard based on SAR values, ST.1 and ST.2 stations
of the Tigris River were classified as Good class but from ST.3 to ST.6 which classified as Doubtful class.
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Introduction

The Tigris River represents one of the main sources
of water with the Euphrates River in Iraq. Iraq is
plagued by a water shortage as well as water re-
source management issues. Iraq is at particular risk
for being unable to pr2ovide clean drinking water

and adequate sanitation systems for citizens, ensure
sustainable irrigation, use hydropower to produce
electricity, and maintain diverse ecosystems. Iraq is
therefore in a situation where it must plan for sev-
eral different future scenarios, mostly negative if cli-
mate change results in increased temperatures and
decreased precipitation levels. Even in the absence
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of any negative effects of climate change, Iraq is
dealing with steady growth in population, increased
urbanization, and neighbor’s countries which they
built a dams on the main rivers of Iraq. In the last
few years, however, water levels in Iraq’s rivers
have rapidly decreased to less than a third of their
normal capacity. Water levels may fall further in the
coming years due to declining precipitation, gradual
desertification, and upstream water use and dam-
ming (Al-Ansari, 2013). The average annual flow of
the Tigris River at Mosul city prior to 1984 was 701
m3/ sec and dropped to 596 m3/sec‘ afterward after
2002. The decrease of flow is accompanied by dete-
rioration of the water quality due to the increase in
salinity and other pollutants (Al-Ansari et al., 2011).

The study area starting from Mosul city which it
located in the north part of Iraq. The Tigris River
flow in this city and continue to the south of Mosul,
Further south, the Lesser Zab tributary joins the
Tigris at Fatha. This tributary drains an area of
21,476 km2 (25% in Iran) with a mean annual flow of
227 m3/s whiles the mean annual flow of down-
stream of this confluence. South of Al-Fatha city , the
Adhaim tributary joins the Tigris . This tributary
drains an area of 13,000 km 2 and lies totally in Iraq
(Al-Ansari et al., 1986). The mean annual flow of this
river reaches 25.5 km3. This tributary runs dry be-
tween June and November each year. The last major
tributary, the Diyala River joins the Tigris at the
south of Baghdad at (Al-Karaghoulia station). The
Diyala basin is 31,846 km2 of which about 20% lie in
Iran. The mean daily flow of this tributary is 182 m3/
s. No major tributary joins the River Tigris south of
Baghdad (Al-Ansari et al., 1986b and 1987). The
Tigris River is a dynamic system with a state of con-
tinuous change in their quality and quantity, It
needs successive studies to notice the changes
through time due to decrease of the annual flow of
it with time due to the increase of agricultural activi-
ties , building of dams in Turkey as well as climate
change (Abdulhadi, 2015). The decrease of flow is
accompanied by deterioration of the water quality
due to the increase in salinity and other pollutants.
Moreover, the main goal of this study is to investi-
gate the dimension of climate change on the Tigris
River for the period (2005- 2020).

Materials and Methods

Study Area

The study area is extending from Mosul city which

is instead in the north part of Iraq to the south of:
Baghdad (Al- Azizziyah city), at 120 km north
of‘Baghdad, Central Iraq, within the following geo-
graphical coordinates ranges : (36°34‘89"- 32.911836°
N) and (43°15‘77"- 45.061348°E) (Figure 1). The
length of the Tigris River along Iraq is (1900) km2,
while in this research it’s (534) km2. Where the Tigris
River passes through this path, which contains
many industrial projects.

The geological components of the Tigris River are
different from one place to another depends on the
effecting force of the Albanian- Banian Movement.
When the Tigris river entre to the Iraqi land , its
practice cutting off the Mosul sediments which rep-
resented by Muqdadiya, Injana, Fatha Formations,
and continues as well until meeting the upper- Zab
river in the south of Mosul (Jassim and Goff, 2006 ).
The Tigris River continues to move through the qua-
ternary deposits which appear along the river bed in
Qayaraa city and effluent of lesser Zab at Tigris
River, and appearing of Al-Fatha and Injana Forma-
tions in Baeje city then continue within the quater-
nary deposits until south of Baghdad city (Al Bayati,
1980).

Study Method

Historical Climatological data (Rainfall and Tem-
perature) were taken from Iraqi Meteorological
Organization for the period (1990-2020). Six gauging
stations were chosen on the stretch of Tigris River .
Discharge of the Tigris River data were collected
from a historical data for the period (2005-2020),
(The National Centre for Water Resources Manage-
ment, 2021).

The Tigris River water were analyzed for
physiochemical parameters such as (TDS, EC, pH,
T.H), Major cations (Na+, Ca2

+, Mg2+ and K+), Major
anions (Cl>, SO4

2, HCO3
>), and Minor elements nutri-

ent (NO2) for the period (2005- 2020) in laboratory of
The National Centre for Water Resources Manage-
ment. To get a full idea about the discharge effect on
the water quality of the Tigris River are investigated
and correlated with the discharge values and the to-
tal dissolved solids and water quality of the present
study were compared with the other studies .

Results and Discussion

Climate data Impact on Tigris River

Iraqi Meteorological Organization Climate data for
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Fig. 1. Location map of Iraq the study area (NCWRM, 2020).

the period (1990-2020 ) that show the Monthly Mean
Air Temperature values of: ST.1 station were in the
range between (18.3-24.9Co) (Figure 2A), While in
ST.2 station range between (28.0-33.5Co) (Figure 2B).
In ST.4 station ranged between (28.8-33.0 Co) (Figure
2C), While in ST.6 station range between (30.4-
41.1Co), (Figure 2D). Also, Iraqi Meteorological Or-
ganization Climate data of Rainfall data for the pe-
riod (1990-2020) shows that the values of ST.1 sta-
tion are range between (146.9-639.9) mm (Figure
3A). In ST.2 Station, ranged range between (65-
247.3) mm (Figure 2B). While, in ST.4 and ST.6 sta-
tions varies between (58.5-162.3) and (1.1-228) mm
respectively (Figure 2C&D).

Annual flow of the Tigris River

The average annual flow of the Tigris River in ST.1
station for the period (1990-2020) ranges between
(193-906) m3/sec and for ST.2 station ranges be-
tween (339-977) m3/sec (Figure 4A&B). ST.3 (Canal
of Dijla) joins the Tigris River in the north part of
Baghdad which have a discharge ranges between (5-

217) m3/sec (Figure 4C). After that, the Tigris River
inter to ST.4 station (Baghdad city) with annual flow
ranges between (392-1173) m3/sec and continue his
flow to south of Baghdad city and Diyala River joins
at (Al-Karaghoulia city-ST.5 station) with discharge
ranges between (22.8-193) m3/sec (Figure 4D&E).
Finally the Tigris River reach to ST.6 station at (Al-
Azizziyah city) with discharge ranges between (134-
430) m3/sec (Figure 4F).

Water Quality of the Tigris River

Physico - chemical parameters

Physiochemical parameters result of the Tigris River
compared with Iraqi and WHO Standards (2009 and
2008) as shown in Table 1.

The mean pH values for surface water of the
Tigris River were (7.3-8.1) & (7.5-8.2) for ST.1 and
ST.2 stations respectively. While, for ST.3 ,ST.4, ST.5,
and ST.6 stations were varies between (7.5-8.2),
(7.02-8.3), (7.3-8) and (7.1-8.03) respectively Table 1.
pH of surface water for (2005-2020) are within the



S464 Eco. Env. & Cons. 28 (January Suppl. Issue) : 2022

Table 1. Mean and Range of Physio - chemical Parameters Concentrations along Tigris River for the Period (2005-
2020), (NCWRM, 2021).

Parameters ST.1- ST.2- ST.3- ST.4- ST.5-Al- ST.6-Al- IQS, WHO,
Mosul Sammara Canal Sarrai- Karaghoulia- Aziziyah 2009 2008

of Dijla Baghdad South of
Baghdad

pH Mean 7.6 7.9 7.9 7.8 7.6 7.6 6.5-8.5 6.5-8.5
Range 7.3-8.1 7.5-8.2 7.5-8.2 7.02-8.3 7.3-8 7.1-8.0

EC Mean 0.4 0.5 1.7 0.9 2.6 1.3 1530 —
Range 0.2-0.8 0.4-0.5 1.6-2.24 0.7-1.1 1.8-3.1 0.9-2.9

TDS Mean 340.8 319.3 1199.5 572.5 1937.0 937.5 1000 1000
Range 126.5-634.3 274-v 864.6-1601.8 481-736.3 1706.4-2172.1 602-2112.4

Ca Mean 51.3 51.4 135.6 60.5 129.3 85.4 150 100
Range 53-72.2 44.7-58.1 72.9-163.3 34-104 98.3-144 53.1-133.3

Mg Mean 29.4 28.1 61.7 40.0 115.8 56.5 100 125
Range 14-43.8 22.6-42.1 47.2-71.6 24-50.9 79.2-144 79.2-140

Na Mean 29.8 26.1 137.2 71.8 285.9 112.4 200 200
Range 18.6-45.1 19.4-32.2 81.1-238.5 47.6-93.3 180.6-377 88.4-344

K Mean 4.1 3.1 5.0 3.5 10.0 5.7 — 12
Range 2.9-9.6 2.7-3.8 4.4-5.7 2.7-3.6 5-22.3 2.4-21.0

Cl Mean 21.9 23.5 157.8 48.2 252.0 136.8 350 250
Range 16.2-24 16.3-32 81.3-256.1 54.5-95.9 18.7-382.4 74-382.4

SO4 Mean 136.0 127.3 535.3 198.2 642.0 347.0 400 250
Range 32-271.8 101.8-158.6 446.6-610.7 134.2-293.2 205.6-884.8 220.8-742.8

CO3 Mean 4.4 6.0 6.3 7.8 20.6 9.7 — —
Range 2.6-7.2 2-9.1 5.7-8 1.7-15.6 1.1-58.2 8.1-16

HCO
3

Mean 167.4 153.3 107.5 133.5 271.7 183.3 — —
Range 134-255 135.5- 87.4-132 66.5- 216.6- 149.5-293.8

161.8 171.7 342.2
NO3 Mean 4.8 5.0 4.4 3.4 7.6 8.1 50 50

Range 1.7-10.9 1.6-14.4 1.5-6.5 2-5.5 44239.0 1-47.02
T.H Mean 249.5 229.4 599.7 329.7 772.9 452.2 — —

Range 180-367.1 175-241.9 485-686.8 255-440 560-891.7 336-850

acceptable range of (IQS, 2009 and WHO ,2008),
which indicating that the river is healthy (Figure 5).

Electrical conductivity (EC) is an indirect mea-
surement of salinity, and it is temperature depen-
dent. This parameter is a function of the presence of
ions and has direct relationship to the total dissolved
solids (TDS). The mean EC values for surface water
of Tigris River were ranges between (0.2-0.8) and
(0.4-0.5) ds/m for ST.1 and ST.2 stations respec-
tively. While, ST.3 station ranges between (1.6-2.2)
ds/m. For ST.4, ST.5, and ST.6 stations were varies
between (0.7-1.1), (1.8-3.1) and, (0.9-2.9) ds/m re-
spectively (Figure 6).

The TDS Annual average values of: the Tigris
River ranges between (126.5-634.3) and (274- 373.6)
ppm for ST.1 and ST.2 stations respectively. While,
ST.3 station ranges between (864.6-1601.8) ppm. For
For ST.4, ST.5, and ST.6 stations were varies be-
tween   (481-736.3), (1706.4-2172.1), and (602-2112.4)

ppm respectively (Figure 7). According to classifica-
tions of surface water (Todd, 2007), show that the
surface water of Tigris River at ST.1 and ST.2 sta-
tions was freshwater and ST.3, ST.4, ST.5 and ST.6
stations is Brackish water.

According to (Figure 7), Baghdad city has high
dissolved salinity significantly in study area stations
that suffered high levels of TDS and EC contents
than others stations because it close to Canal of Dijla
and it the big effect on it due to their geological com-
position of the Canal of Dijla and, for Al-Azizziyah
station which also have a high dissolved salinity
than other stations due to is due to the land’s nature
in the feeding areas, especially in agricultural areas
and the Tigris river is flowing and dissolved all the
salts which are in the river basin in addition to the
main reason effect on al-Azizziyah station its Al-
Wahda station which is a wastewater treatment
station, located in the south of: Baghdad city. It’s
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Fig. 2. Annual average values of Temperature (Co) for the period (1990-2020) in (A): ST.1 station,(B): ST.2 Station, (C):
ST.4 station and, (D): ST.6 Station, (Iraqi Meteorological Organization, 2021).

Fig. 3. Annual average values of Rainfall for the period (1990-2020) in (A) : ST.1 station,(B): ST.2 Station, (C): ST.4 sta-
tion and, (D): ST.6 Station, (Iraqi Meteorological Organization, 2021).
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Fig. 4. Discharge (m3/sec) of the Tigris River for the period (1990-2020), (A): ST.1 station,(B): ST.2 station,(C): ST.3 station
(D): ST.4 station, (E): ST.5 station, and (F): ST.6 station (NCWRM, 2021).

Fig 5. pH Annual average values ppm: along the Tigris River from ST.1 to ST.6 stations for the period
(2005-2020), (NCWRM, 2020)
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throwing the wastewater directly into the Tigris
River without any treatment because of that notes
that Diyala River has a high concentrations of salin-
ity.

Total Hardness (T.H)

T.H concentration varies (180-367.1) and (175-241.9)
ppm for the Tigris River ST.1 and ST.2 stations re-
spectively. While, ST.3 station ranges between (485-
686.8) ppm. For ST.4, ST.5, and ST.6 stations were

Fig. 6. EC Annual average values (ds/m) along the Tigris River from ST.1 to ST.6 stations for the
period (2005- 2020), (NCWRM, 2021).

Fig. 7. TDS Annual average values ppm along the Tigris River from ST.1 to ST.6 stations for the
period (2005- 2020), (NCWRM, 2020).

Fig. 8. T.H Annual average values ppm along the Tigris River: from ST.1 to ST.6 stations for the
period (2005-2020), (NCWRM, 2021).

varies between (255- 440), (560-891.7) and, (336-850)
ppm respectively (Figure 8).

Major ions of surface water of the Tigris River

The chemistry of water is depended mainly on ma-
jor ion concentrations. All water samples were ana-
lyzed for major cations (Ca2+, Mg2+, Na+, and K+),
major anions (SO4-2, Cl- and HCO3

-), and minor an-
ions ( NO3

-). The results of the major and minor ions
of water samples are displayed in the Table (1) and
(Figures 9, 10, 11).
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Calcium (Ca2+)

Evaporates rocks containing gypsum and anhydrite
are among the most important sources of calcium
soluble in water (Hem, 1985). Calcium Annual aver-
age values of the Tigris River ranges between (53-
72.2) and (44.7-58.1) ppm for ST.1 and ST.2 stations
respectively. While, ST.3 stations ranges between
(72.9-163.3) ppm. For ST.4, ST.5, and ST.6 stations
ranges (34-104), (98-144) and (53.1-133.3) ppm re-
spectively (Figure 9). Ca2+ concentrations were
higher in ST.3 and ST.5 stations than others, this
may be attributed to increase evaporation and, de-
crease water supply passes the years and may indi-
cate the land’s geological composition of ST.3 sta-
tion.

Magnesium (Mg2+)

Magnesium is an essential nutrient for living organ-

isms and it is typically considered as the major con-
stituent of the dark- colored ferromagnesian miner-
als and carbonate rocks such as limestone, dolomite,
magnesite and hydro magnesite (Todd, 2005). Mg2+

concentration varies from (14-43.8) and (22.6-42.1)
ppm of the Tigris River at ST.1 and ST.2 stations re-
spectively. While, ST.3 station varies between (47.2-
71.6) ppm. For ST.4, ST.5, and ST.6 stations varies
(24-50.9), (79.2-140) and, (37-120.8) ppm respec-
tively. Figure (9), shown the Mg2+ concentration
along the Tigris River of the study area and it’s in-
creased in ST.6 station and , this increase can be at-
tributed mainly to the effluent of wastewater from
urban and agricultural areas.

Sodium (Na+)

Na+ concentration varies (18.6-45.1) and (19.4-32.2)
ppm of the Tigris River at ST.1 and ST.2 stations re-
spectively. While, ST.3 station values were (81.1-

Fig. 9. Cations Annual average values ppm along the Tigris River from ST.1 to ST.6 stations station for the perio
(2005-2020), (NCWRM, 2021).

Fig. 10. Anions Annual average values ppm along the Tigris River from ST.1 to ST.6 stations for the pe-
riod (2005- 2020), (NCWRM, 2021).
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238.5) ppm. For ST.4, ST.5, and ST.6 stations were
values ranges (47.6-93.3), (180.6-377) and, (88.4-344)
ppm respectively (Figure 9). Results shown signifi-
cantly high sodium during the study period, which
it responsible for the deterioration of water quality
in general, the result of the increase in the presence
of sodium salts in the feeding areas through agricul-
tural areas, evaporation process, and the releasing
of: untreated wastewater from different anthropo-
genic sources directly into the river.

Potassium (K+)

K+ concentration varies between (2.9-9.6) and (2.7-
3.8) ppm for the Tigris River at ST.1 and ST.2 sta-
tions respectively. While, ST.3 station ranges be-
tween (4.4-5.7) ppm. For ST.4, ST.5, and ST.6 sta-
tions  ranges between (2.7-3.6), (5-22.3) and, (2.4-21)
ppm respectively (Figure 9). The increase of K+ con-
centration at ST.5, and ST.6 stations is due to apply-
ing of chemical fertilizers in agriculture lands which
lead to increase its concentration.

Carbonate (CO3)

CO3- concentration varies (2.6-7.2) and (2-9.1) ppm
for the Tigris River at ST.1 and ST.2 stations respec-
tively. While, for ST.3 station ranges between (5.7-8)
ppm. For ST.4, ST.5, and ST.6 stations range be-
tween (1.7-15.6), (1.1- 58.2) and, (8.1-16) ppm respec-
tively (Figure 11).

Nitrate (NO3
-)

NO3- concentration varies (1.7-10.9) ppm and (1.6-
14.4) ppm for the Tigris River at ST.1 and ST.2 sta-
tions respectively. While, for ST.3 station ranges be-
tween (1.5-6.5) ppm. For ST.4, ST.5, and ST.6 sta-
tions were ranges between (2-5.5) ppm, (2-12) and,
(1-47) ppm respectively (Figure 11).

The hydrochemical parameters of this research

for the period (2005-2020) were compared with
many previous studies Table. A previously studied
includes (Al-Bayati, 1980, Al-Sanawi, 1985, and Al-
Ansari, 2016). The researchers indicated that the
water quality of the Tigris River is affected by cli-
mate change and that its headwaters have average
salinity of 226-333 ppm at the Iraqi – Turkey border,
and the salinity rises along the Tigris river course
southward. The deterioration of water quality and
the heavy pollution from many sources are becom-
ing serious threats to the river course (Al-Ansari et
al., 2019). TDS analysis showed an inverse correla-
tion with discharge from ST.1 to ST.6 stations for
years (2005- 2020), (Figure 12).

Hydrochemical formula

Hydrochemical formula of surface in the study area
is determined according to Kurlolov’s formula . This
formula depends on the ratio of the main ions (cat-
ions and anions) expressed by equivalents per mil-
lion %, that are arranged in descending order which
have more than (15%) ratio of availability (Ivanov,
1968). The descending arrangement of ions in the
formula is utilized to recognize the basic water type.
Applying  Kurlolov’s  formula for the  study  period
(2005-20202) shows that the Tigris river have (Ca+2-
Na+-Mg+2-HCO3

--SO4-2) at ST.1 and ST.2 and classi-
fied as CaHCO3- water type, While, have (Na+-Ca+2-
Mg+2-SO4

-2-Cl) from ST.3 to ST.6 and classified as
NaSO4-water type.

Suitability of water for different uses Evaluation
of water quality for drinking

Drinking water standards of (WHO, 2008) and Iraqi
Standard (2009) are used as a basis for the water
quality evaluation of the present study samples for
drinking use. All surface water stations of the Tigris
River are unsuitable for drinking and not within the

Fig. 11. CO3 and NO3 Annual average values ppm along the Tigris River from ST.1 to ST.6 stations for
the period (2005-2020), (NCWRM, 2021).
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Table 2. Comparison of the mean values of Hydrochemical analyses of the Tigris River between current, pervious and
recent studies.

Stations studies EC TDS T.H Na Cl SO4

ST.1-Mosul Current study(2005-2020) 0.4 340.8 249.5 29.8 21.9 136.0
Al-Bayati,1980 0.2 193 216 15 20 122

ST.2-Sammara Current study(2005-2020) 0.5 319.3 229.4 26.1 23.5 127.3
Al-Bayati,1980 210 164 14.89 12.7 22.33

ST.4-Sarrai- Baghdad Current study (2005-2020) 0.9 572.5 329.7 71.8 48.2 198.2
Al-Ansari,2016 470 312.02 70 67.27 198.58
Al-Bayati,1980 0.3 182 147.64 46 24.46 86.5

ST.5-Al-Karaghoulia- Current study(2005-2020) 2.6 1937.0 772.9 285.9 252.0 642.0
south of Baghdad Al-Sanawi,1985 0.5 438 159 213.38 255.6 499.42
ST.6-Al-Azizziyah Current study(2005-2020) 1.3 937.5 452.2 112.4 136.8 347.0

Al-Ansari,2016 712.3 251.8 99.8 125.6 209.2

standard quality criteria for most of physiochemical
parameters.

Evaluation of water quality for irrigation

Assessment of water for irrigation depends upon
many criteria such as Sodium Adsorption Ratio
(SAR) and Electrical Conductivity (EC) (Ayers and
Wescot 1985).

Salinity Hazard

The most influential water quality guideline on crop
productivity is the salinity hazard as measured by
electrical conductivity (EC), water always contain a
quantities of dissolve solid origin from rocks and
soil, that affect the growth of plants and soil struc-
ture. High salinity of the water may reduce water
availability to the plants affecting the crop yield
(Winner, 2000; Singh et al., 2008). The Tigris River
stations (ST.1 and ST.2) were lie within Excellent
class based on Suggested limits of EC value for irri-

Fig. 12. Relationship between TDS and discharge(m3/sec) of the Tigris River from: ST.1 to ST.6 sta-
tions for the period (2005-2020),(NCWRM, 2021).

gation (Table 3). While, from ST.3 to ST.6 were lie
within the Permissible class.

Sodium Hazard

It is used to evaluate the sodium hazard in relation
to calcium and magnesium concentrations (Winner,
2000). Sodium Adsorption Ratio (SAR) is an impor-
tant parameter for determining the suitability of

rNa
SAR =

r(Ca+Mg)/2

water for irrigation, because it is an indicator of al-
kali/sodium hazard (Subramani et al., 2005). SAR
can be calculated by using the following equation:

According to the Don   (1995) classification of the
irrigation water depend on sodium hazard based on
SAR values , ST.1 and ST.2 stations of the Tigris
River were classified as Good   class but from ST.3 to
ST.6   which classified as Doubtful class.
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Table 3. Classification the suitability of water for irriga-
tion according to electrical conductivity, Bauder,
(2011)

Classes of water Electrical Conductivity
(dS/m)*

Class 1, Excellent < 0.25
Class 2, Good 0.25-0.75
Class 3, Permissible1 0.76-2.00
Class 4, Doubtful2 2.01-3.00
Class 5, Unsuitable2 >3.00

*decisiemen/m,(dS/m) at 25oC = millimho/cm, mmho/
cm, 1 dS/m = 1000 S/cm. 1Leaching needed if used.
2Good drainage needed and sensitive plants

Conclusion

The Tigris River represents one of the main sources
of water with the Euphrates River in Iraq. Iraqi Me-
teorological Organization Climate data for the pe-
riod (1990-2020 ) that show the Monthly Mean Air
Temperature values of ST.1 station were range be-
tween (18.3-24.9Co) ,While in ST.2 station range be-
tween (28.0-33.5Co). In ST.4 station ranged between
(28.8-33.0 Co), While in ST.6 station range between
(30.4-41.1Co). Also, Iraqi Meteorological Organiza-
tion Climate data of Rainfall data shows that the
values of ST.1 station are range between (146.9-
639.9) mm. In ST.2 Station, ranged range between
(65-247.3) mm. While, in ST.4 and ST.6 stations var-
ies between (58.5-162.3) and (1.1-228) mm respec-
tively. The average annual flow of the Tigris River in
ST.1 station for the period (1990-2020) ranges be-
tween (193-906) m3/sec and for ST.2 station ranges
between (339-977) m3/sec, ST.3 ranges between (5-
217) m3/sec, ranges between (392-1173) m3/sec, ST.5
station with discharge ranges between (22.8- 193)
m3/sec and  ST.6 station ranges between (134-430)
m3/sec.

Applying Kurlolov’s formula for the study period
(2005-20202), shows that  the Tigris river have
(Ca+2-Na+-Mg+2-HCO3

--SO4
-2) at ST.1 and  ST.2 and

classified as CaHCO3- water type, While, have
(Na+-Ca+2-Mg+2-SO4

-2-Cl) from ST.3 to ST.6 and clas-
sified as NaSO4- water type. Suitability of water for
drinking purpose is evaluated depending on the cri-
teria or standards of acceptable quality for that use
(WHO and Iraqi Standard). All surface water sta-
tions of the Tigris River are unsuitable for drinking
and not within the standard quality criteria for most
of physiochemical parameters. Additionally, ST.1

and ST.2 were lie within Excellent class, while, from
ST.3 to ST.6 were lie within the Permissible class
based on the suggested limits of EC value (Ayers
and Westcot, 1985) for irrigation. According to the
Don (1995) classification of the irrigation water de-
pend on sodium hazard based on SAR values, ST.1
and ST.2 stations of the Tigris River were classified
as Good class but from: ST.3 to ST.6 which classified
as Doubtful class.

Acknowledgements

The authors acknowledge for help of Ministry of
water resources for the taking the data.

Authors Contributions

This work was carried out in collaboration between
all authors. Author (2) designed the study and man-
aged the analyses of the study. Author (1) per-
formed the statistical analysis, wrote the protocol,
and wrote the first draft of the manuscript. All au-
thors read and approved the final manuscript.

Conflict Of Interest

The authors declare that there are no conflicts of in-
terest regarding the publication of this manuscript.

References

Abdulhadi, A. 2015. Overview of water Resources in Iraq,
MSc thesis, College of Engineering, Alexandria Uni-
versity, Egypt. Available at: ttps://
w w w . r e s e a r c h g a t e . n e t / p u b l i c a t i o n /
304706450_Overview_of_water_Resources_in_Iraq
last accessed February, 2018.

Al-Ansari, N.A. 2016. Hydropolitics of the Tigris and
Euphrates Basins, Department of Civil, Environ-
mental and Natural Resources and Engineering. 8(3):
140-172 .

Al-Ansari, N.A. and Knutsson, S. 2011. Toward Prudent
management of Water Resources in Iraq. Journal of
Advanced Science and Engineering Research. 53-67.

Al-Ansari, N., Jawad, S., Adamo, N. and Sissakian, V. 2019.
Water Quality and its Environmental Implications
within Tigris and Euphrates Rivers. Journal of Earth
Sciences and Geotechnical Engineering. 9(4) : 57-108,
ISSN: 1792-9040 (print version), 1792-9660 (online)
Scientific Press International Limited.

Al-Ansari, N.A., Ali, A.A. and Knutsson, S. 2013. Iraq
Water Resources Planning: Perspectives and Prog-
noses, ICCCE 2015: XIII International Conference on
Civil and Construction Engineering, Jeddah, Saudi
Arabia, 26-27 January, 2015,2097-2108.



S472 Eco. Env. & Cons. 28 (January Suppl. Issue) : 2022

Al-Ansari, N., Sayfy, A., Ovanessian, A. and Sinawi, G. T.
1986. Water Quality of the River Tigris North of
Baghdad Using Multivariate Analysis. Journal of
Water Resources. 5(2) : 148-172.

Al-Ansari, N. 2013. Management of Water Resources in
Iraq: Perspectives and Prognoses. Hydrology of
Tigris and Euphrates Rivers. Department of Civil,
Environmental and Natural Resources and Engineering.

Al-Bayati, H.J. 1980. Hydrochemical and Geochemical of the
Tigris River from Qayara to Baghdad. University of
Baghdad/Collage of Science -Geology. M.Sc., un-
published Thesis.

Al-Sanawi, G. T. 1985. Hydrological and Hydrochemical study
of lower part of Diyala River. University of Baghdad
/ Collage of Science -Geology. M.Sc., unpublished
Thesis.p109-123.

Ayers, R.S. and Westcot, D.W. 1985. Water quality for
agricultural. Irrigation and drainage paper, 29,
Rev.1, FAO, Rome, Italy, 174p.

Bauder, T. A., Waskom, R. M., Dav is, J. G. and Sutherland,
P. L. 2011. Irrigation water quality criteria. Colorado
State University Extension Fort Collins, CO, Fact
Sheet No. 0.506, 4 P.

Desonie, D. 2008. Hydrosphere Freshwater Systems and Pol-
lution. Chelsea House Publishers, 209P. Don, C.M.,
1995. A grows guide to water quality, University
College Texas.

Hem, J. D. 1985. Study and interpretation of the chemical
characteristics of natural water, Department of the
Interior, US Geological Survey, 2254: 363p.

IQS.2009. Iraqi standard of drinking water No.417; modi-
fication No.2.

Iraqi Meteorological Organization ,2018. Climatical Data
for Mosul and Samarra Stations, for period (1975-
2018).

Ivanov, V., Barbanov, L. N. and Plotnikova, G. N. 1968.
Textbook of The main genetic types of the earths

crust mineral water and their distribution in the
USSR. Inter. Geol. Cong. of 23rd. Sessions Czechoslova-
kia, 12, p33.

Jassim, S.Z. and Goff, J.C., 2006. Geology of Iraq, Dolin
Prague and Moravian Museum, Brno, 341p.

National Center of Water Resources Management, 2020.
Discharge of the Tigris River (1990-2020). Ministry
of Water Resources, Iraq, annual internal report.
Unpublished report data.

National Center of Water Resources Management ,2020.
Water Quality Study of Main Rivers in Iraq (2005-
20120), Ministry of Water Resources, Iraq, Unpub-
lished report data.

Raymond, G. S., Dean, S. J. and Thomas, A. C. 1994.
Hydrochemical Methods and Relationships for
Study of Stream Output from Small Catchments
Biogeochemistry of Small Catchments: A Tool for
Environmental Research Edited by B. Moldan and J.
Cerny@ Scope Published by John Wiley & Sons Ltd

Singh, A.K., Mondal, G.C., Kumar, S. and Sinha, A. 2008 :
Major ions chemistry weathering process and wa-
ter quality in upper catchment Damodar River, In-
dia. Environmental Geology. 54: 745-758.

Spellman, F. R. 2013. Handbook of water and Wastewater
Treatment plant operations. CRC Press.

Subramani, T., Elango, L. and Damodarasamy, S.R. 2005.
Groundwater qualitssy and its suitability for drink-
ing and agricultural use in Chithar River Basin,
Tamil Nadu, India. Environ Geol. 47 : 1099-1110p.

Todd, D. K. and Mays, L. W. 2005. Groundwater Hydrology.
Wiley; 3 edition, 656P.

Weiner, E. R. 2010. Applications of Environmental Chemistry:
A Practical Guide for Environmental Professionals. CRC
press, 288 p.

WHO. 2008. Guidelines for drinking-water quality [elec-
tronic resource]: Incorporating 1st and 2nd addenda,
Vol. 1, Recommendations, Third editions. World
Health Organization.


