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ABSTRACT

Nine stations along Tigris River in Iraq weselected to study the spatial and temporal chanfjs®me
selected parameters for the period 2009-2012. Thmmeameters include discharge, Total Dissolved
Solids,(TDS),NQBOD and COD. Water type is of bicarbonate along ttorthern stations (Feshkhabour,
Mosul, Sharkat and Samarra) and transforms infatsuin the remaining central and southern statiGiS was
used to characterize the temporal and spatial @sofjthese parameters along the selected RivesBigtions.
Discharges values of all stations show signifid@mporal decreasing patterns and spatial decregsitigrns
along these stations were also noticed. TDS vathesv noticeable temporal changes for the presatibss,
whereas sharp increasing changes downstream dinewotere observed. NOBOD and COD spatial and
temporal changes show that their values show nigatidn on pollution and that their values for thigh and
low flow conditions are within the normal range wed.
Keywords, discharge, water type, GIS, spatial analyses, eeahghange, Tigris River, Iraq

1. INTRODUCTION

River chemistry is of vital importance in thedying the river catchment area, where the growiegnand for
the water resources, urged the hydrologist to ctariae and monitor the spatial and temporal charngehe
physical, chemical and biological properties of tivers at specific location to detect the natufr¢he changes
in these properties and determine the possibleutiati sources. Nowadays, the information concerrihey
anthropogenic and natural effects and their extargssery important in implementing of any sustbleavater
use and treatment management plan. In Iraq RivgrisTcomprise with the Euphrates River, very imaott
fertile plain called through centuries, the Mesapait i.e. Iraq is the country of the Two RiversveRiTigris
originates from Turkey and cross the Iraqi teri@gerwith a catchment area of above 400,000 Km atal t
length of 1410km. The river length inside Iraq 0@ Km. (Al-Ansari et al, 1987). It has many triadées with
different contributions; they are originating froboth Turkey and Iran except of Adhaim tributary @hi
originates entirely in Iraq. Many hydraulic damsldrarrages were established to regulate and mahageater
quantities storage and release through the couhtiraddition to the importance of water quantitigkich
subjected to significant decreasing due to therahtylobal warming and anthropogenic effects, wapeaality
plays important role in restricting the water useshe different purpose.

River Tigris is of critical importance sidt is the prime source for drinking, agricultuaid power
generation uses along the country. Many studie$indeavith the chemical, hydrological and environrtadn
aspects of the River Tigris were achieved. Al-Ansaial, 1986, 1987, Auad, 1997; Mahmood, 2013; Aliet
al 2014, are among others. The present study atmevauation of specific parameters for nine staio
extending from the northern to the southern paftthe country. These parameters include dischargps,
NOz, BOD and COD. Invers Distance Weight,(IDW), integlgtion of Geographic Information System(GIS) was
used to show the nature of some hydrochemical peteasof River Tigris throughout the country. Thaim
task Inverse Distance Weight, (IDW) of the spati@krpolation is to predict a value for any unmeadu
location where it uses the measured values suringrle prediction location,( Michael et. el.,2012)

2. MATERIALSAND METHODS
2.1. Study area

The study area extends through the wholentcpwhere Tigris River originates from Turkey apdsses
through different Iraqi provinces,(Fig-1). It hasmy tributaries arising also from Turkey and Ir@hrough its
course inside Iraq, it passes through differeniaggcal formations and sediment of different agéalcareous
formations of palaeozoic and cenozoic are expasele extreme northern parts of the country (Figkkassim
and Geoff,2006). In the central parts, clastic fations of Miocene ages are dispersed in the catcharea
whereas in the southern parts, clastic and diffetgres of recent sediments of Quaternary age gresed.
These sediments are composed mainly from floochmleposits, river terraces, and back swamps setknagn
sometimes (Buday, 1980).
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2.2. Samples and stations

In the present study 9 stations; Feshkhghdosul, Sharkat, Samarra, Baghdad, Thiraa Dijigr{$ arm),
Kut, Ali Gahrbi and Amara were chosed to study spatial variations of some selected chemical paiensé
Fig-1). These parameters include River Tigris diggh, Total Dissolved Solids (TDS), NO3, BOD andBCO
The above stations were selected to cover theeeoitchment area of River Tigris in Iraq. The partars
include the monthly measurement for the period 2B0B2, it is provided by the National Center for t&fa
Recourses Management, Ministry of Water RecourfB$.was selected to explain the variation of therri
salinity cross the country while NOBOD and COD were selected to detect the probdde pollution along
these stations. GIS techniques were used to cleairsd the present study parameters and exhibgphgal and
temporal variations along the River Tigris in Irdgc GIS 9.3 software is used to prepare the mépseostudy
area, so the interpolation and extrapolation teples were used to measure a specific parametethangeo-
statistical analysis was used to digitize the oulgyer statistically and spatially for of the sekdl parameters.
3.RESULTSAND DISCUSSION

Table.1, explain the mean values of thesgme study variables for the period 2009-2012 irictvh
significant spatial variation along the selectedtishs were observed. Piper plots of the presemdyst
readings,(Fig-3), show that the River Tigris habiearbonate type for the Feshkhabur, Mosul, Shaakat
Samarra, and transforms into Caz;S¢pe for the remaining stations for the study @eriThis pattern of water
type is highly related to the discharge quantitisere the first four stations are characterizedigiy discharge
values compared with the remaining stations. Salfspe of water reflects, also, the effects of ggimial
formations downstream direction. No significant peral changes of water type for all the preseniosta could
be detected. Controlling of discharges releaseth ftbe dams and barrages may play an importantinole
reducing the difference between the high and low ftonditions for all the selected stations.
3.1.Discharges

The temporal behavior of the river discharfye the selected stations,(Fig-4), shows sinfilgtterns, where
the highest values are for Feshkhabour and Shastedions. Discharges quantities decrease signtfican
downstream direction in which Ali Gharbi and Amatations were characterized by the lowest valuasund
of the incoming quantities the released and stobadpnd the dams and barrages are the main congrddictors
on the discharges patterns of the present statiklhef the selected stations show decreasing senith time,

In addition to the decrease patterns downstreaactiin.
3.2TDS

Significant increasing spatial trends aldhg present study river stations can be noticg€g-5 ).Thiraa
Dijla has prominent highest values as compared thighother stations. This is due to the fact thatag Dijla is
linking the return water of Tharthar lake of ti@kish nature to the main stem of Tigris Rivet jitHe north
of Baghdad. The increasing of salinity is also bihd in the water type classification along theerj i.e. at
Feshkhbour , Mosul Sharkat and Samara the typieastdonate and then transforms to sulfate typeistafrom
Thiraa Dijla and extending to the southern statiohara and Ali Gharbi. The highest (April) and lest
(September) TDS values were 258 and 1246 ppm felnkr@abour and Amara stations respectively. Thereat
of these trends changes is related to the geofogieations that the river passes through, whereQhaternary
deposits of clastic nature with some salty sedinaeatpredominant in the southern part. Increasiniguman
activities in an additional factor for the TDS lieasing at these stations. Figure (6), shows thaaaf TDS
changes during the high and low flow conditions.
3.3.NO;

Nitrate is derived from both natural andhaopogenic sources, it comes as products of indlsind
agricultural sewage or from geologic formations teaming soluble nitrogen compounds. It also produbg
decomposition of organic matters by bacteria thhouigrification process,(Diaz and Rosenberg,208%¢ess of
nutrients may cause algal blooms, dramatic shiftraphic relationships and expansion of coastalokigp
zone,(Romano and Zeng,2007). Fig (8) shows, th&aspariations of NQof the present study stations. As
appeared, the concentration of N€arts to increase at Samara station towardsdimern stations which, in
general, show increasing trends. The minimum ankirmam values of N@were 1 and 8 for Feshkhabour and
Amara stations respectively. Increasing of N-Bafstlizers in the southern parts of the countrytiie main
source of N@ concentrations increasing. Concerning the tempaaghtions, there is no significant variation
where the values of N(f high and low flow are close to each other, Fiy.[Despite the above facts the
concentration of N@still below the acceptable limits for the two mels for all stations. Rational use of N-
based fertilizers and contraction of agricultuealds in the last years are the main causes ofréset patterns
of NO; spatial and temporal changes.
3.4.BOD

It expresses the dissolved oxygen requingdiving organism for its metabolic activities tfe organic
matter decomposition in the water bodies. High lewé BOD refer to the advance of the organic nrattbat
leads to the depletion of oxygen (Manahm, 2005aliRedt and Limaye, 2011). Figure (8) shows the sSpatia
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variation of BOD along the present study statioferg the minimum and maximum values are 2.4 and 8t6
both Sharkat and Kut and Thiraa Dijla stations eesigely. The values of BOD of all the presentista show

no indications of pollution and that they are witlihe normal limits. Figure ( 9) Shows that there, @light

differences in the BOD Values for both high aod flow conditions, but they still as stated, witthe normal

range.

3.5.COD

It is the amount of specific oxidant thaacts with the sample under controlled by stronglas, it is
often used as an indicator of pollutions in nataatl waste waters (Mamias et al, 1993).As appefnozd
Figure (8), there are an increasing trends aloagitier stations where the minimum and maximum eslwere
0.7 and 1.9 at Feshkhabor and Thiraa Dijla statiespectively. The highest values at Thiraa Diglects
effect of sewages as compared with the remainistipsis. Comparison of high and low flow concentmatiFig
(10) shows no significant temporal difference. Madues of low and high flow conditions show thagdé are
normal and no significant indications concerning #nthropogenic pollutions along the present ssidiions
can be detected.

4. CONCLUSIONS

1- Significant spatial variations of discharges, TD&)3, BOD and COD along the present study
stations were noticed.

2- Water type of the River Tigris changes from bicawdte into sulfate indicating the increasing
effects of geologic formations downstream directisnwell as human activities increasing.

3- River Tigris salinity shows significant temporaldagpatial changes for all the study stations

where Feshkhabour and Amara stations are charssdeby the lowest and highest values for all the
selected variables.

4- Values of NQ, BOD and COD show that no pollution indicators bandetected. However, due to
the extensive establishment of water treatmentt @lad improper and an in-efficient operation of som
of these plants, it is of critical importance tondact a continuous monitoring program for the above
indicators.
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Table 1: Mean values of the present study variables

Stations M ean concentration (ppm)
NO; TDS COD BOD
Feshkhabour (2009) 1.0 258 0.7 1.5
Mousl 2.3 290 0.9 2.1
Sharkat 1.7 311 1.3 2.4
Samarra 1.9 307 1.2 1.3
Thiraa Dijla 4.0 1241 1.4 1.7
Baghdad 4.1 547 1.2 1.1
Kut 2.9 728 1.1 1.4
Ali Gharbi 5.5 1075 1.6 1.4
Amara 7.5 1246 1.3 1.2
Feshkhabour (2010) 3.7 264 1.2 0.9
Mousl 2.6 634 1.5 1.1
Sharkat 2.7 382 1.2 1.1
Samarra 2.3 307 1.7 1.5
Thiraa Dijla 4.3 1170 1.9 0.6
Baghdad 4.7 526 1.1 1.4
Kut 3.3 612 1.2 2.3
Ali Gharbi 4.5 886 1.2 1.4
Amara 8.1 1019 1.2 0.8
Feshkhabour (2011) 2.6 322 0.8 1.8
Mousl 1.7 314 0.9 1.5
Sharkat 2.0 318 1.0 1.4
Samarra 2.9 352 1.7 1.5
Thiraa Dijla 2.5 1236 1.1 1.7
Baghdad 1.9 628 0.9 1.4
Kut 3.0 762 0.9 1.8
Ali Gharbi 3.5 1051 1.4 2.0
Amara 3.9 1177 1.5 2.1
Feshkhabour (2012) 4.1 299 1.3 1.6
Mousl| 3.5 282 1.1 1.2
Sharkat 2.9 311 15 1.8
Samarra 3.2 334 1.4 1.1
Thiraa Dijla 2.3 1125 1.9 1.5
Baghdad 3.1 700 1.2 2.1
Kut 3.6 746 1.3 2.4
Ali Gharbi 3.8 1077 1.8 2.3
Amara 3.0 1158 1.6 2.2
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Fig. 2: Geological map of the study area.
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