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Abstract

Shatt Arab River is characterized byléige number of lateral branches. Some of theseches
extend into the center of Basra province, Soutloéritaq. These branches include; Saraji, Khora,ahsh
Khandek, Robat, Jubyla, and Shatt Al Turk. The msiten of these branches into the center of Basra
province transforms them to locations for the dégp®f sanitary sewage and solid waste. This cahsés
pollution and high lights the necessity of evalngttheir water quality. The aim of this study isassess
the present status of water quality in main brasatfeShatt Al Arab River using Canadian Water Qyali
Index. The assessment considers the water qualityhfee uses; domestic, recreation, and aqudéc li
support. To achieve this aim, water samples wekentfrom the considered branches during high and lo
tide times. The samples were tested for determitiingzalues of ten quality parameters; dissolvegyer,
biochemical oxygen demand, turbidity, total dissolwsolids, pH, ammonia, total coliform bacteriazale
coliform bacteria, nitrate, lead, and sulfate. Distained values of Canadian Water Quality Indextifer
main branches of Shatt Al Arab River vary over thages (13.3-25.8), (19.3-32.1), and (13.0-27.8) fo
domestic, recreation, and aquatic life support ushese results indicated that the water qualitynain
branches of Shatt Al Arab River is poor and thedtev cannot be used for domestic, recreation, vatix
life support.

Keywords; Shatt Al Arab branches, Canadian Water Quality xpdféater use.

Introduction

Shatt Arab River is formed by confluerééwin rivers Tigris and Euphrates at Qurna toventiern
the Basra province and extends for 120 km withémjiltands [1]. It is characterized by its large t@mof
lateral branches. Some of these branches extemdhatcenter of Basra province. These branchesdecl
Saraji, Khora, Ashar, Khandek, Robat, Jubyla, analttSAl Turk. The extension of these branches theo
center of Basra province transforms them to looatifor the disposal of sanitary sewage and solisteva
which leads to their pollution. The water qualifytbe main body of Shatt Al Arab River has beerdsd
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extensively by many researchers. Examples of thegkes include those conducted by Hantoush §2]al.
Mohammad et al. [3], Farid et al. [4], Saad e{%l.6], Jorany et al. [7], and Mohammed [8]. In tant,

very few researchers considered the water quditghatt Al Arab branches and all of them studiegl th
presence of heavy metals in their water such asttitbes of; Hejuje [9] who investigated the disfition

of heavy elements in water and sediments of Ashdrkéhandek branches, Khafaji, [10] who investigated
the pollution of Jubyla branch by selected heavyamseand Imarah et al. [11] whom considered thel&e

of trace metals (Co, Cu, Ni and Zn) in both disedhand particulate phases in water of Khora, Ashar,
Khandek, Rubat, Jubylah and Shatt Turekbranchsgluvio seasons, spring and summer 2006. Thus, a
need has been highlighted for studying the watafityuof Shatt Al Arab main branches.

The aim of this study is to assess thresgmt status of water quality in main branches hattSAl
Arab River (Saraji, Khora, Ashar, Khandek, Robathyla, and Shatt Al Turk) for three uses; domestic,
recreation, and aquatic life support. The qualftyater used for different purposes has an imporfiect
on living beings health. Water of poor quality da@ the reason behind the spread of disease and the
growth of undesirable aquatic life. The outcomeshif study can be used for setting of pollutiomtcol
plan for each branch. The water quality of ShattA&&b main branches shall be assessed using the
Canadian Council of Ministers of the Environmentté&/auality Index (CCME WQ)I) (also referred to as
Canadian Water Quality Index, CWQI, in the text).

CWQI was put in 2001 to assess the watality of surface waters across Canada and it was
considered to be the most stringent water qualitex [12]. The most important benefits of CWQI iruts
[13]; It's using as a tool to transform complex evaguality data into clear descriptions (e.g., gdadt,
poor) and applicability to all beneficial water asalrinking, recreation, agriculture (livestock and
irrigation), aquatic life, and industrial uses. é&fthe presentation of CWQI, it was used widelynigny
researchers. Lumb et al. [14] applied it to monitbe changes in water quality at five sites in the
Mackenzie-Great Bear sub-basin which is the largéghe six sub-basins within the Mackenzie River
basin, NT, Canada. Janabi et al. [15] used it lioed stations located along the Tigris River in ity
city, Irag. Munna et al. [16] used it to assesswuiager quality of Surma River in Sylhet city, irethorth
eastern region of Bangladesh. Jakovlejii7] assessed the water quality of Danube RiveBénbia for
2010 using CWQI and compared the obtained resutts those of applying Serbian Water Quality Index
(SWQI). Finally, Buhlool et al. [18] applied thisdex for assessing the water quality for irrigatises of
four stations located along the Euphrates Rivétassiryia city, Iraq.

Materials and M ethods

Formulation of CWQI

Canadian Water Quality Index (CWQI) hagt developed by Canadian Council of Ministershef t
Environment. It is defined by the following equatid.9]:

’FlZ + F22 + F32 ;
CWQI =100-| —— .
1.732
where F1 is the scope which assessedetiee by which the water quality objective is satisfied,
F2 is the percentage of failed tests, and F3 isathplitude that represents the magnitude by whieh t
failed test values do not satisfy their objectivElsese factors are calculated using the followiggations
[19]:
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= Number of failed va_nable 100 e
Total number of variable

- Number of failed testx100 .3
Total number of test

nse
F=— 22X
0.01nse+0.01
In Eq.(2), the variables indicate the water quagbityameters considered in CWQI determination.
In Eqg.(3), nse represents the normalized sum afrsi@ns and it is obtained as;

Total number of tests
An excursion is the number of times by which a eabfi water quality parameter is larger than (or

less than, when the objective is a minimum) theectbje. When the test value must not exceed the
objective:

TS

Y. .excursion E

. Failed test value
excursion = — -1 ...(6a
Objective
while, when the test value must not drop belowabjective:
. Objective
excursion = — ) ' -1 ...(6b
Failed test value

The above formulation gives CWQI value varies aber range (0-100), i.e, a numerical value to
the status of water quality in the water body. TWQI value is then used to find the rank of watealdy
by adopting the classification scheme shown in @dbl

Table 1. CWQI classification schema, [20]

Rank CWQI value Description
Excellent 95-100 Water quality is completely sedungth no pollution.
Good 80-94 Water quality is secured with only gtglidegree of pollution.
Fair 65-79 Water quality is generally secured, hus, sometimes polluted
Marginal 45-64 Water quality is commonly polluted.
Poor 0-44 Water quality is polluted all the time.

Water Quality Criteria

Water quality criteria have been set dase CCME regulatory values applied on various wases
[cited in 14], regulatory values of the CentrallBtddbn Control Board in India [20], and the guideds for
Canadian Recreational Water Quality [21]. Thesed are presented in Table 2.
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Table 2. Water quality criteria for various uses

Water use Criteria Ref. No.

TC (MPN/ 100ml)<5000
pHrange=6-9

. + DO=>4mgll (20]
Domesic ater | ._g0D=3 mg
inati * Sulfate< 500 mg/l
application of
conventional * Lead<0.01mg/l
treatment. . Nltra.te.i 48.2 mgl/l [14]
*  Turbidity< 5NTU
* TDS<500mgl/l
*  Ammonia< 1.37 mg/|
* TC (MPN/100ml)<500 pH
range=6.5 - 8.5 [20]
Recreation + DO>5mg/l
*  Turbidity < 50NTU [21]

pHrange=6.5-8.5
DO >4 mg/l [20]
Ammonia< 1.2 mg/I
Sulfate< 500 mg/I
Lead< 0.01mg/I
Turbidity < 5NTU
TDS< 500mg/I

Aquatic life support
[14]

Field Work Program

A field work program has been conductadl@-June to 16-July/2013 to gather the data reduior
assessing the water quality of main branches oft @h&rab for the different uses. The work was reed
in Saraji, Khora, Ashar, Khandek, Robat, Jubylagd &hatt Turk branches. The followings sections
illustrate the details of this work program.

M easur ed Parameters

The field work includes collection of watsamples for measuring the values of; (1) digsblv
oxygen (DO), (2) biochemical oxygen demand (BOI), turbidity, (4) total dissolved solids (TDS), (5)
pH, (6) ammonia, (7) total coliform bacteria (T@}) fecal coliform bacteria (FC), (9) nitrate, (1@ad,
and (10) sulfate. The samples were analyzed in UduF Company lab, the environmental lab of Art
College/ Basra Univ., and the bacteriological l&aMarine Science Centre/ Basra Univ.

L ocations of Water Sampling Stations

Number of stations has been specifieddiecting water samples from each of the sevandhes.
Fig.1 shows water sampling locations along eacmdiraFrom this figure, it can be shown that water
samples were taken from five stations in each braexcluding Khora and Khandek branches, whererwate
samples were taken from six stations and statidridoo6 are located in the links of Saraji and Khora
branches and Ashar and Khandek branches.

www.bumej.com 74



M esopotamia Environmental Journal ISSN 2410-2598
Mesop. environ. j. 2015, Vol.2, No.1:71-86.

Shatt AlfArablRiver,

Fig.1: Locations of water sampling stations in main breascof Shatt Al Arab River
Timing of Water Sampling

The main branches of Shatt Al Arab Riaer affected by flood and ebb phenomenon occutssn
river, which is of mixed tide type, dominant senminthal [22]. Thus, to study the status of their evat
quality, it is necessary to collect water samplasnd) flood and ebb periods.

In this study, water sampling was perfedrat times of high tide (maximum flood level) dod/
tide (minimum ebb level). The times of high tideT(Hand low tide (LT) were specified based on tide
tables for the year 2013. These tables are puldliblyethe General Company of the Iraqgi Ports. Tde ti
data of Al Magal port were used. All water samplesre collected at HT and LT times except those
collected from Ashar branch. That is because timaection between Shatt Al Arab and Ashar branch was
closed by a regulator and the branch is filled wititer by pumping water from Shatt Arab with clgsthe
gates and emptied by opening the regulator gateswiater samples were collected from Ashar bratch a
times of maximum water level (at the end of pumpaegiod) and minimum water level (when the gates
are opened).

Results and Discussion

The results of water quality analysisSboftt Al Arab main branches are shown in the figuaned
tables indicated in Table 3. From these figurestabtes, it can be shown that;

*The levels of dissolved oxygen (DO) in Khora, Ashihandek, Robat, Jubyla, and Shatt Al Turk
branches are very low, excluding the values medsimrstations of No.1. These stations are locatddea
heads of these branches. This can be attributatietchigh BOD values caused by the discharges of
untreated sanitary sewage into these branchesdiEbbarge of raw sanitary sewage is mainly from the
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illegal residences along their banks or/and thegdl connections of sanitary sewers with storm sewe
network. Where in center of Basra province, storatewpumping stations discharge their water ings¢h
branches. However, the DO values measured in $agajch can be acceptable for some water use figure

*The levels of total and fecal coliform bacteria aery high in all the considered Shatt Al Arabrimtzes
which indicate their pollution by raw sanitary s@sa

*The concentrations of sulfate and TDS in all &f tonsidered branches exceed the permissible dimait
this can be attributed to the high salinity of $h&t Arab River water which is caused by the lower
discharges of Tigris, Euphrates, Carun Rivers. &miz®rs are the sources of fresh water flowing Bhatt

Al Arab River.

*The results of water quality analysis of all tlemsidered branches during flood period are noebétian
those obtained during ebb period.

Although it is clear from the above pgseithat the water quality of Shatt Al Arab mainrrhes is
very bad, but, the suitability of the branches wébe use has been studied. That was done by eaiogl
CWQI for each branch and for domestic, recreatiord aquatic life support uses. The results of CWQI
calculations are presented in Table 11. From #iet it can be shown that the CWQI values vary tive
ranges (13.3-25.8), (19.3-32.1), and (13.0-27.8)domestic, recreation, and aquatic life suppodsuys
respectively. With referring to Table 1, it candf®wn that the rank of water quality in the maiartmhes
of Shatt Al Arab River is poor. That means the watgality of these branches is polluted all theetim

Table 3. Figure and table numbers of water quality analsesssilts

Branch Water Quality Parameters Results on Fig. or Table
Saraji DO, BO_D, tu_rbidity, TDS, and pH Fig.2
Ammonia, Nitrate, Sulfate, Lead, FC, and TC Table 4
Khora DO, BO_D, tu_rbidity, TDS, and p Fig.3
Ammonia, Nitrate, Sulfate, Lead, FC, and Table5
Ashar DO, BO_D, tu_rbidity, TDS, and p Fig.4
Ammonia, Nitrate, Sulfate, Lead, FC, and TC Table 6
Khandek DO, BO.D, tu.rbidity, TDS, and pH Fig.5
Ammonia, Nitrate, Sulfate, Lead, FC, and Table7
Robat DO, BOD, turbidity, TDS, and p Fig.€
Ammonia, Nitrate, Sulfate, Lead, FC, and TC Table 8
Jubyla DO, BOD, turbidity, TDS, and pH Fig.7
Ammonia, Nitrate, Sulfate, Lead, FC, anC Table9
Shatt Al DO, BOD, turbidity, TDS, and p Fig.&
Turk Ammonia, Nitrate, Sulfate, Lead, FC, and Table 0
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Fig.2: Distribution of some water quality parameters @me§i branch during high and low tide times

Table 4. Values of some chemical parameters and bacteriat cou
in water of Saraji branch during high tide time

Bacteria Count

Sa Parameter Concentration (mg/l) (M PN/100ml)
No.
Ammonia | Nitrate | Sulfate| Lead| FC (90| TC (x1d)
1 0.19 1.0 351.5 0.18 10 12
2 0.07 1.5 399.5 0.97 12 39
3 0.85 1.0 367 0.45 17 50
4 1.30 1.0 460 1.05 17 72
5 0.63 1.0 818 0.59 7 45

www.bumej.com 77



M esopotamia Environmental Jour nal ISSN 2410-2598
Mesop. environ. j. 2015, Vol.2, No.1:71-86.

7 120

6 100

5
= = 80~
=4 ®
E .E. 60 -
a 3 - m High tide [=] m High tide
a 2 a0

2 m Low tide = Low tide

1| 20

o - o |

1 2 3 4 5 6 i1 2 3 4 5 &6
Station No. Station No.
(a) DO (b) BOD

300 14000

250 12000
E 200 . 10000
2 B so00
£ 150 b tid E
= M High tidz Y 4 igh ti
2 100 E 6000 m High tide
2 0 = Low tide 4000 - = Low tide

2000 -
0 : a -
12 3 1 5 6 12 3 4 5 6
Station No. Station No.
(c) Turbidity (d) TDS
3
m High tide
B Low tide

1 2 3 4 5 6
Station Mo,

(e) H
Fig.3: Distribution of some water quality parameter&hora branch during high and low tide times

Table 5. Values of some chemical parameters and bacteriat cou
in water of Khora branch during high tide time

Bacteria Count

Sa. Parameter Concentration (mg/l) (M PN/100ml)
No.
Ammonia | Nitrate| Sulfatd Lead FC (x)0| TC (x1d)

1 1.9 <1 195.0 | 0.38 4 ucC*
2 5.6 <1 364.5 | 0.33 42 ucC
3 10.9 <1 358.0 | 0.34 65 ucC
4 15.3 8.4 504.0f 0.28 3 ucC
5 >50 17.8 896.5| 2.16 9 ucC

* UC : Uncountable
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Fig.4: Distribution of some water quality parameters ghar branch during max and min water level times
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Table 6. Values of some chemical parameters and bacteriat cou

in water of Ashar branch during max water levelqr

. Bacteria Count
Sa Parameter Concentration (mg/l) (M PN/100ml)
No.
Ammonia | Nitrate| Sulfatg Lead FC (x)0| TC (x10)
1 2.9 <1 726 0.48 11 20
2 0.8 <1 814 0.99 17 26
3 0.9 1.9 818 0.9 10 30
4 0.8 1.4 831 0.97 25 30
5 0.5 1.8 904 1.88 30 225
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Fig.5: Distribution of some water quality parameters imakidek branch during high and low tide times
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Table 7. Values of some chemical parameters and bacteriat cou
in water of Khandek branch during high tide time

. Bacteria Count
Sa Parameter Concentration (mg/l) (M PN/100ml)
No.
Ammonia | Nitrate| Sulfatg  Lead| FC (x)0| TC (x10)
1 7.4 <1 432 0.54 94 uC
2 14.5 1.2 477 0.26 21 ucC
3 20.8 1.8 415 <0.1 102 ucC
4 20.5 1.1 556 0.3 37 uC
5 18.1 <1 709 0.24 151 uC

www.bumej.com

* UC : Uncountable



M esopotamia Environmental Jour nal ISSN 2410-2598
Mesop. environ. j. 2015, Vol.2, No.1:71-86.

3
2.5
—_ 2 =
= =
218 h tid '5 High tid
o = Hich ti
g 1 m High tide 8 igh tide
05 m Low tide W Low tide
o
1 2 3 4 5
Station No. Station No.
(@ DO (b) BOD
400 1C000
Z 200 E
=l m High tide ¥ 4000 - B High tide
£
= =
2 100 = Low tide 2000 ~ m Low tide
0 [
1 2 3 4 5 1 2 3 4 5
Station No. Station No.
(c) Turbidity (d) TDS

8.2

B High tide

o Low tide

1 2 3 4 5
Station No.

(e) FH
Fig.6: Distribution of some water quality parameterRwbat branch during high and low tide times

Table 8. Values of some chemical parameters and bacteriat cou
in water of Robat branch during high tide time

Bacteria Count

Sa Parameter Concentration (mg/l) (M PN/100ml)
No.
Ammonia | Nitrate| Sulfate Lead FC (90| TC (x10)
1 0.63 <1 675 0.56 Nil Nil
2 18.1 <1 434 0.33 Nil 3
3 20.5 <1 418 <1 29 27
4 10.2 1.65 2385 0.79 7 uc
5 20.2 <1 381 0.26 97 3
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Fig.7: Distribution of some water quality parametersduyla branch during high and low tide times
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Table 9. Values of some chemical parameters and bacteriat cou
in water of Jubaila branch during high tide time

. Bacteria Count
Sa Parameter Concentration (mg/l) (M PN/100ml)
No.
Ammonia | Nitrate| Sulfate Lead FC (90| TC (x10)
1 1.95 1.1 703 0.11 4 48
2 3.83 <1 819 0.5 39 200
3 5.39 1.2 621 1.22 225 80
4 7.81 <1 964 0.19 20 116
5 3.1 2.4 468 0.34 43 8
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Fig.8: Distribution of some water quality parametershatt Al Turk branch during high and low tide
times

Table 10. Values of some chemical parameters and bacteriat cou
in water of Shatt Al Turk branch during high tide¢

. Bacteria Count
Sa Parameter Concentration (mg/l) (M PN/100ml)
No. ] .
Ammonia | Nitrate| Sulfate| Lead] FC (<3Q TC (x10)
1 2.8 6.4 37C 0.2: 174 27
2 7.1 3.E 674 0.17 224 3
3 8 1.2 650 0.20 65 1
4 9.4 2.2 817 0.1f 42 10€
5 8.5 <1 70z 0.1¢ 57 70
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Table 11. CWQ)I values of Shatt Arab main branches for difféngses

CWAQI for indicated water use
Branch - - — Assessment result
Domestic | Recreation | Aquatic life support
Saraji 25.8 20.8 27.8 Poor for the three uses
Khora 16 20.9 15 Poor for the three uses
Ashar 16.9 32.1 16.8 Poor for the three uses
Khandek 15.6 19.3 14.8 Poor for the three uses
Robat 15.2 20.6 14.5 Poor for the three uses
Jubyla 13.3 19.9 13 Poor for the three uses
Shatt Al Turk 13.7 19.5 14.1 Poor for the threesuse
Conclusions

Based on results of this study, the following casins were obtained:

1. The levels of DO in waters of Khora, Ashar, Khandekbat, Jubyla, and Shatt Al Turk branches
are below the permissible limit and associated wih levels of BOD, excluding the values
measured in stations of No.1. These stations amdd at the heads of these branches. However,
the DO values measured in Saraji branch are addefdta some water use figures.

2. The levels of total and fecal coliform bacteria @egy high in the considered branches.

3. The concentrations of sulfate and TDS in all thesiered branches exceed the permissible limit.

4. The obtained values of CWQI for the main brancheShatt Al Arab River vary over the ranges
(13.3-25.8), (19.3-32.1), and (13.0-27.8) for doticesecreation, and aquatic life support uses.

5. The CWAQI values indicate poor water quality for dmtic, recreation, and aquatic life support
uses of Shatt Al Arab main branches.
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