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ABSTRACT

Two stations have been selected during the course of Tigris River within Mosul city;
the first one is before entering the city, while the other located downstream the city. Results
clearly exhibit a significant difference in water quality between the two locations.

Aquatic plants and macro-algae populations along about 17 Km of the rivers course
were identified. Six aquatic plant species have been identified Potamogeton pusillus,
Potamogeton nodosus, Ceratophyllum demersus, Phragmites australis, Phragmites sp. and
Typha sp.

Potamogeton pusillus a species was the predominant species during the study period,
on the other hand macro-algae included Hydrodiction riticulatum, Cladophora glomerata,
Chara vulgaris, Chara sp. and Nitella sp., the species Chara vulgaris and Cladophora
glomerata from green algae phylum were the predominant species of the five algal
identified species during the study period.

Clear trespass on the river banks was recorded, sand and gravel queries negatively
affecting the river by forming shallow ponds and swamps which are perfect for aquatic
plants and algae communities to prosper and flourish leads to dramatic detrimental impact
on river health.
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INTRODUCTION

One of the main reasons that caused the deterioration of water quality and increased
water deterioration is the problem of wastewater estuaries directed to the river. There is
about three wastewater estuaries from Turkey to the Mosul lake and (15) estuary as
wastewater passing through Mosul city, besides, wastewater that reaches the river from
other industrial and agricultural activities (Ghazal, 1996). This problem exacerbated with
the decrease of river flow level, where the river is in a continuous decrease of quantity, and
the populations with different activities are in continuous growth. Consequently, the
increase of what reaches the river of different wastes which were earlier vanished after the
process of auto purification, diffusion and mixing up. The water flow speed and its high
quantity help in this regard, for now this operation does not occur because of river flow
decrease and the shortage of water level that the river became diseased and unable to
manage the mixing up and self-purification of what reaches it of pollutants. There is also a
lack in dissolved oxygen quantity accompanied with an increase of the required biological
and chemical demand for oxygen (Kadah, 2001; APHA, 2005).

Primary nutrients of plants reach the river as a result of population activities which
cause the huge growth of seed and seedless aquatic plants, besides many different kinds of
algae and phytoplankton (Mustafa and Fadhel, 2008).

Locally, water is considered as a source of various fortunes and the main reason of
peoples' life, it is worth mentioning that Tigris river is rich with fish supplies which is
considered as the livelihood of many people, in addition of being the only drinking water
source for citizens. The river is also considered as an important place for rest and relaxation,
also, the river is considered as the only source of electricity by operating the electric
generating stations by the force of water, in addition to the use of water in agricultural and
industrial fields.

The main aim of this research is to explain the reasons of hydrophytes and macro
algal growth and the impact of these plants on water quality.
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STUDY AREA
Two stations were selected along Tigris river within Mosul city for water analysis.
Station 1 was selected before the river enters Mosul city upstream the river (Al-Rashediah)
and the 2nd station after leaving the city downstream the river (Yaremjah) (Fig. 1).
Hydrophytes and Macro algae were collected along the study area between station 1 and
station 2 of a distance reach about 17 kilometers along Tigris river within Mosul city.

=
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Fig. 1: Sites of Study area, Upstream and Downstream Mosul City.

MATERIALS AND METHODS

1- Monthly samples were collected from April to September 2010 for physical,
chemical and biological analysis, water temperature, pH value, dissolved oxygen, biological
oxygen demand, nutrients as nitrates and phosphates and turbidity were determined
according to (APHA, 2005).

2- Aguatic plants and macro-algae were collected along the study area from both
banks of the river and classified according to the following references
(Muencher, 1959; Fassett, 1975; Prescott, 1978; Townsend and Guest, 1985;
Al-Mayah and Al-Hamim, 1991).
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RESULTS

A significant variation was found between the stations of the study area, Table (1)
shows water characteristics for the factors that have been measured.

In general, there was an increase in the concentration of most of the measured factors
within the permissible limits for the use of river as a source of raw water
(WHO, 1998). Also, it shows a comparison between two sites the first is before the river
enters the City of Mosul, and the second is after its leave, this gives an indication of water
quality in Mosul city and clarifies the changes happen on water quality during the river
course inside the city.

Figures 1 to7 show the variance between measured parameters. Water temperature was
changing according to the time of sample collection, pH values were closing to acidity in
station 2 which reached to 6.4, the river turbidity increased in station 2 to reach 4.8 NTU,
dissolved oxygen means were ranged between 7.2-5.8 mg/l, biological oxygen demand
means ranged between 2.1-4.0 mg/l, the decreasing of dissolved oxygen and increasing of
its demand was in station 2 after river leaving the city. Nitrate concentration means ranged
between 0.03-1.1 mg/l, phosphate concentrations were between 0.09-2.6 mg/l, the highest
concentration of measured parameters was in station 2 during the study period except the
temperature which is changed with variation of seasons.

Table 1: Results of measured parameters.

Spring JSuanell' Autumn
Parameter (April, May) ( XTJZUSL‘:)% (Sept.)
Site 1 Site 2 Site 1 Site 2 Site 1 Site 2
Temp. C 9.0 9.5 14.5 15.5 12.1 12.8
pH 7.8 7.5 8.1 7.7 7.5 7.0
Turbidity, NTU 3.0 3.8 2.8 4.0 3.0 4.8
DO mg/L 7.8 6.0 6.4 5.0 7.2 5.8
BOD mg/L 2.0 3.0 2.2 4.5 2.1 4.0
NO; mg/L 0.04 0.86 0.52 1.95 0.13 1.10
PO, mg/L 0.10 1.9 1.53 4.1 0.09 2.6

All numbers represent the means of specific season, duplicates has been made for every

measurement
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Fig. 1: Diagram of temperature values during study period
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Fig. 3: Diagram of turbidity values during study period
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Fig. 4: Diagram of dissolved oxygen values during study period

BOD (mg/L)

@ Site 1
M Site 2

spring summer autumn
Fig. 5: Diagram of BODs values during study period
. mSite 1
Nitrate (mg/L) mSite 2

0.86
1.95

1.95

spring summer

autumn

Fig. 6: Diagram of nitrate values during study period




The Impact of Water Oscillation......... 23

@Site 1

Phosphate (mg/L)  ®site>

4.1

4 -
0.1 1.9 i 26
1.53 4.1 19
0.09 2.6 2 153

1 -

0.1 . 0.09
0 T |

spring summer autumn

Fig. 7: Diagram of phosphate values during study period

Six species of hydrophytes and five species of Macro algae were identified as shown in
table (2) and listed below:
Hydrophytes as shown in plates 1-6 included: Potamogeton pusillus, Potamogeton nodosus,
Ceratophyllum demersus, Phragmites australis, Phragmites sp. and Typha sp., where
macro-algae as shown in Plates 7-11 included: Hydrodiction riticulatum, Cladophora
glomerata, Chara vulgaris , Chara sp. and Nitella sp., two species of hydrophytes and two
species of macro-algae were found to be the dominant species, these are Potamogeton
nodosus, Potamogeton pusillus and Hydrodiction riticulatum, Cladophora glomerata
respectively. The dominate of Potamogeton sp. is matched with what was found from other
researchers such as Kaplan (2002) about Potamogeton phenotypic plasticity and extensive
morphological variation, Hrivnak et al., (2009) in a study of the seasonal dynamics for
macrophytes abundance in regulated streams, and the study of Al-Wattar (2009) on the
ecological and taxonomical study of Potamogeton in Tigris river through Nineveh province.

Table 2: Identified Hydrophytes and Macro Algae.

Hydrophytes Macro Algae
Potamogeton pusillus Hydrodiction riticulatum
Potamogeton nodosus Cladophora glomerata

Ceratophyllum demersus Chara vulgaris
Phragmites australis Chara sp.
Phragmites sp. Nitella sp.

Typha sp.

Also, the following photos clarify the density of hydrophytes and macro algae within the
study area.
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Photos of collected hydrophytes and algae
a-Photos of Hydrophytes

Plate 5: Phragmites sp. Plate 6: Typha sp.



The Impact of Water Oscillation......... 25

Plate 7: Hydrodiction riticulatum Plate 8: Cladophora glomerata

Plate 9: Chaa vulgaris

Plate 11: Chara sp. Plate 12: Sand and gravel along river
path (Tigris river was cover this area)
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DISCUSSION

There is a great decrease in the river flow level in comparison with the previous years
and the continuous decline so far (Al-Nagib et al., 2011), this decrease in the amount of
water entering Iraq caused a change in the river flow model, and also in the river basin
shape (Al-Ta'ee, 2008). There is a great and steady growth in the number of hydrophytes
and algae developing in Tigris River. Researchers insure there is a negative impact of Al-
Mosul Lake on the river ecosystem by diverting the flow of the river to the steady state
(Al-Wattar, 2009). Sand and gravel queries scattered along the river banks with undesirable
effects by urging aquatic plants and algae to grow vigorously.

The results showed serious problems regarding river water specifications within Iraqi
territories. Water impoundment process inside and outside Iraqi territories affects negatively
the quality and quantity of water, flow of the river inside the Iraqi territories does not

exceed 350 m*/sec since entering the Iraqi territories, many studies confirm that water flow

was much higher in the past years before dam construction (Al-Nima, 1980; Talee, 1983;
Al-Tayar, 1989).

Of other basic things that lead to the aggravation of the problem is the direct discharge
of wastewater channels loaded with different elements which enhancing the growth of
hydrophytes in the river, all of these effects are reflected fundamentally and clearly on the
characteristics of the river, as follows:-

The process of water impoundment reflects on the temperature degree (Fig. 1) which
in its turn directly affects the growth of aquatic plants and algae because the water came
from the dark deep area of the lake. Therefore, dams cause general decrease in the
temperature of water. Also, the turbidity (Fig. 3) factor which is considered one of the most
important factors controls the photosynthesis in plants through affecting the light
penetrating intensity within water column. The values of turbidity within Mosul city did not
exceed (4.8) NTU through the period of study (Table 1), therefore, the light is available for
the plants all over the year.

The local Iraqi water turn to alkalinity (Talling,1980), the fluctuation of pH (Fig. 2)
values correlate with the dissolved CO, which is balanced with the process of
photosynthesis , whereas CO, is considered the main output of the photosynthesis (Al-
Sanjari, 2001), also pH values are affected by the wastewater discharge to the river directly
without any treatment from (7) point sources through the study area (Mustafa and Fadhel,
2008).

Oxygen consumption (Fig. 4) in streams is affected by many of the variables as were
described above: temperature, pH, the presence of specific species of microorganisms, and
the type of organic and inorganic material in the water.

Biological Oxygen Demand (BOD:s) directly affects the amount of dissolved oxygen in
rivers and streams. Dissolved oxygen is consumed by micro-organisms through
biodegradation of organic compounds; this means less oxygen is available to higher forms
of aquatic life. The consequences of BODs (Fig. 5) raising are the same as those for
dissolved oxygen drop: aquatic organisms become stressed, suffocate, and die (Delzer and
McKenzie, 2003; APHA, 2005)

An acceptable aeration was recorded during this study, values of dissolved oxygen
changed between upstream and downstream the river, oxygen levels affected by the
parameters controlled the dissolution of oxygen gas in addition to the seasonal variation,
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abundance of dissolved oxygen correlated with the cold months, while a drop of oxygen
was noticed in summer, it reached to 4.5 mg/l at downstream the river (Table 1), this may be
due to the evaporation of the river during summer and because of the wastewater reached
the river and AL-Khoser wastewater which contain an organic wastes consumed oxygen
during the degradation by microorganisms (Fadhel et al, 2008). High values of dissolved
oxygen recorded during spring season and that may return to the growth and reproduction of
hydrophytes  accompanied by  oxygen releasing  during photosynthesis
(AL-Wattar, 2009). BODs values indicate the organic load in water, the degradation of
organic compounds by micro-organisms cause an increase in BODs values. Significant
rising of BODs recorded in site 2 during summer season and that may relate to water
temperature which affect the activity of micro-organisms in tissue degradation process and
industrial/domestic organic load from wastewater channels(Sancom et al ., 2006).

Plant nutrients (P,N) concentration (Fig. 6 and 7) increase continuously with the
discharge of wastewater and the age of the lake of Al-Mosul dam. Also, there is an
agricultural activity along the river path effecting water quality by adding significant
amounts of nutrients as a result of the processes of drifting and floods. Maximum levels of
nitrogen and phosphorus recorded during summer season, with P/N ratio ranged between
(0.6:2.9) during the study period, the uptake kinetics of nitrogen (N) and phosphorus (P) by
hydrophytes can be influenced by the interaction between N and P, low N: P ratio indicates
nitrogen limitation whereas, higher N: P ratios, potential phosphorus limitation
(Wang et al., 2008). However, it has also been supported that these deviations from the
typical N: P ratio values can also be linked to eutrophication problems, changes of the N: P
atomic ratio was first related to excessive phosphorus loads from sewage (Karydis, 2009).

Nitrogen and phosphorus are of the main factors that caused this immense growth of
aquatic plants and algae (Hrivnak et al., 2009; Hamdan et al., 2010) the concentration rate
of phosphate in the river after the construction of the dam multiplied 150 times than been
before construction, also the nitrate concentration that multiplies nearly 12 times than been
before the construction of the dam (Scientific and Consultancy Services Office, College of
Science, University of Mosul, 1988).

Controlling water movement by the construction of dams induces some kinds of water
flow pattern instability leads to variation of water characteristics according to the flow
pattern, in addition to what is being continuously discharged from the city sewer system

(Mustafa and Fadhel, 2008).

Low level turbidity caused by reserving river water, the decline in water table besides
changing the shape of river basin, all of that is necessary for hydrophytes and algal growth,
which was obvious in this study.

The difference of hydrophytes species growing in the two sites (Table 2) could be due
to water quality change through seasons and/or to the interspecies competition in specific
environmental conditions (Spink et al., 1993), Potamogeton sp. (Sea Weeds) (Plate 1 and 2)
was prevalent during the period of this study and in conformity with what was found by (Al-
Wattar , 2009 ; Hamdan et al., 2010), while Chlorophyta phylum and sub-phylum
Charophyta was most dominants divisions of Macro-algae and this presence is common in
Iragi fresh water.

Also water quality plays a role in shaping some plants species, the study of Arber
(1972) shows the species Potamogeton perfoliates produced new leaves which were very
thin when a typical plant put and grown in distilled water, this coincides by al Wattar (2009)
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which mentioned that morphological characters of leaves can't be accounted in order to
differentiate between aquatic plants especially the related ones.

CONCLUSIONS
There is a clear impact of wastewater upon water quality and hydrophytes growth in
Tigris river.

The existence of organic load and nutrients mainly nitrogen and phosphorous are very
limiting factors for hydrophytes and algal growth and reproduction which is clearly found in
the river.

Identified species in this study are common in fresh water community, also the decay
of aquatic plants and algae causes’ odor, color, and a desirable test.

RECOMMENDATIONS

1. An agreement between riparian’s must be signed regarding the amount of entering
water.

2. Diminish water flow fluctuation to prevent environmental disturbance within the river
course.

3. Excavation and trimming of banks may prevent the dispersion and growth of
hydrophytes.

4. Minimizing untreated wastewater discharged to river basin.
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