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This work is aimed to study the characteristics of some wastewater in Sulaimani city. Water 

samples were collected monthly from October 2018 to May 2019  from four  sites, two of 

them Site1:Tanjaro River before bridge,Site 2:Tanjaro River after bridge along  Tanjaro river , 

Site3:kana swra and Site4:Awbara from weast water of Sulaimani city box channels  which 

finally flow into Tanjaro river . To represent their water quality some physical , chemical and 

Biological  analysis were conducted. The  mean value of pH for all studied sites was found to 

be above 7 . The value of Electrical conductivity(EC) in Sites 1,2,3 and 4 were ranged 

between(407-601 µs/cm),( 266-585 µs/cm) ,( 773-1004 µs/cm) and(398-975 

µs/cm)respectively, Turbidity ranged between(42-1001 NTU),( 57-986 NTU),( 32-1010.5 

NTU) and(41-643 NTU) in Site 1,2,3 and 4 respectivly and Chemical Oxygen Demand 

(COD) value  in Site 1,2,3 and 4 were ranged between(251-975.5 mg/L),( 275-926 mg/L),( 

354-1025 mg/L) and(452-1025 mg/L) respectively. A total of 114 algal taxa were identified 

belonging to 7 classes, 63 taxa belonged to Bacillariophyceae species, they were the most 

abundant group (4 taxa belong to centrales and 59 taxa belonging to pinnales),  followed by 

24 taxa of Cyanophyceae ,22 taxa chlorophyceae, , 2 taxa Pyrophyceae and 1 taxa for each of 

Euglenophyceae , Rhodophyceae and Xanthophyceae. Higher phytoplankton density was 

recorded  in Awbara (58269.44ind×10
3
/L), while the  lowest density was recorded in Tanjaro 

River after the bridge which was (14300.2ind×10
3
/L) . 
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Introduction  

     Water is one of the natural resources that are essential for the existence of every living organisms as well as 

the ecological system [1]. Water is always has been the foundation of many well known civilizations and 

today it is the essential element for activities like agricultural, economic and industrial, which helps societies 

and nationwide development [2]. Natural water bodies receive a major proportion of various wastewater [3]. 

With the advent of technology, there is an increasing amount of waste that originates from anthropogenic 

activities having a negative impact on the environment and particularly the quality of irrigation and drinking 

water [4, 5]. The Iraqi Kurdistan region suffers from sewerage system problems. However, poor practice of 

using water raises serious questions on how water is supplied to different cities including Sulaimani, This area 

has several industrial sites as well as oil refineries, sewage from many of the Sulaimani neighbourhood 

discharge  and dumped their wastewater into the  Tanjaro river which runs south of the city. Different types of 

wastewater flow  into the river, includes agricultural,domestic , industrial waste and stochastic throwing of 

pathological and commercial wastes [6]. The dramatic impact of water pollution on the human health is sinks 

for wastes. The deliberate human waste discharge into the water bodies brought about distinct modifications 

of the environmental water quality. Hence, making a great deal of the quantities of water bodies unsuitable for 

various uses [7]. In addition, water pollution is considered as a major threat to the process of food production 

and is raising both human health as well as environmental concerns. One of the emerging environmental 

issues is the case of compromise in the quality of the environment resulting from  acontinuous effluent 

discharge of the  waste in many countries especially in the developing countries  [8]. Scientific studies 

revealed that wastewater  consists of 99.9% of clean water, but only 0.1% of solids or undesirable species 
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cited by Amin, 2018 [9]. Phytoplankton, as a primary producer, plays an important role in many aquatic 

ecosystems. thus they are the first link in the food chain, and generally cause nuisance environmental 

conditions [10]. As stated by Descy, 1993 [11] algal flora is a crucial indicator of water pollution and bloom 

in almost all water bodies that receive agriculture waste, domestic water and household waste. Algae 

particularly diatoms are generally accepted as one of the most suitable bioindicators of the aquatic ecosystem 

for water quality monitoring and organic pollution [12]. Growth of sine specific algae requires specific 

environmental conditions and therefore, their distribution pattern, periodicity and productivity vary from one 

water body to another. However, algal species, community structure, fine spatial distribution and biomass vary 

day to day, season to season as affected by various environmental factors [13]. The objective of this work is to 

analyze the physical, chemical variables and identify the algal composition of polluted wastewater sites to get 

a better understanding of these influences to water quality. 
 

Materials and methods 

Study Area 

     Kurdistan region of Iraq is located approximately between the SN latitude 34° 30′ and 37°20′; and the WE 

longitude 42°20′ and 46°20′ [14]. Sulaimani center  is located at an altitude of 2895 feet above sea level [15] . 

In present the  study four Sites were selected: site (1)Tanjaro river before the bridge near an industrial area,  

Site 2 Tanjaro river after the bridge sand and gravel mining area, site (3) kana swra wastewater and site (4) 

Awbara wastewater from Sulaimani city wastewater box channels  which finally flow into Tanjaro river  . The 

actual point of the studied  sites was determined by Global Position System (GPS) model (GARMIN e-Map) 

as shown in (Table 1) and (Figure ,1)  
 

Table(1)The actual points of the sites of the wastewater  (GPS).  

 
Figure 1. Maps show:a- Iraq  ,b:Sulaimani province,c-location of studied sites 

 

Site 

 

Name of Sites (GPS) reading by G.E.A. 

latitude longitude Altitude  m.a.s.l  

1 Tanjaro River before bridge 35
º
 28' 41.721"N 45

 º
 25' 36.873E 648  

2 Tanjaro River after bridge 35
º
 28' 49.474"N 45

 º
 26' 07.224E 643  

3  Kana swra Waste water 35
º
 31' 58.769"N 45

 º
 23' 17.166E 734  

4 Awbara Waste water  35
º
 32'55.168"N 45

 º
 22'51.332"E 727  
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Samples collection: 
     Samples were taken from four Sites  monthly during October 2018 to May 2019. In order to determine the 

quality of wastewater, water samples were collected from surface water (30-40 cm depth). For physical and 

chemical tests polyethylene bottles pre-washed by water sample twice before filling were  used. All field 

meters and equipment were checked and calibrated using  appropriate solutions.  The parameters analyzed 

were water temperature (using a mercury thermometer (range -10 to 50 ºC), pH, EC and TDS were measured 

by(EUTECH INSTRUMENT)(CYberScan PC 300), the results were expressed as µS/cm for EC and (ppm) 

for measured TDS. Turbidity(NTU) mesasured byTurbidity meter(WQ770) Glober water, dissolved oxygen 

(DO) was measured directly in the field by using dissolved oxygen meter  Hl 9142 (HANNA instrument) 

results were expressed as mg/L.  NO3, PO4, BOD5, and COD were measured according to the standard 

methods [16,17].  
 

Phytoplankton Analysis 

Quantitative analysis 
     Phytoplankton total number count (ind×10

3
/L), was performed by using the sedimentation method [18]. 

Qualitative analysis 
      Non-diatomic algae were identified by preparing slides and examined under 40 X  by using a compound 

microscope depending onthe following references which were used for the identification of non-diatomic 

algae [19-22].  

While diatoms were identified after dissolving the organic matter by using nitric acid and examined under 100 

X depending on [23,24]. 
 

Statistical analysis 

     Statistical analysis of the data was done by a software program  (XLSTAT 2019,version 3.2), TWO WAY 

ANOVA(multiple comparisons Duncan test) analysis of variance which was adopted to analyse the data to 

determine significant differences between parameter,Months and sites and compared the means in  the level of 

(P≤0.05).  
 

Results and Discussion  

     Throughout this study,the  characteristics of some waste water are shown in (Table 2). The water 

temperature values ranged from 12.0°C in site3 during December 2018 and its higher value(26.0ºC)  recorded 

in April 2019 in site 2 (Figure,2) results indicate that the variation of water temperature values was affected by  

elevation, sunlight  intensity and direction , sunlight increases the temperature of surface water depends 

largely upon categorizing  of geographic location and climate [25-27].The climate of the area is related to 

Irano-Turanian type [28]. 

     The values of pH were ranged between of (6.6–8.0)as showed in (Figure, 3).In Kurdistan region of Iraq, 

the pH of water is characterized by a shift towards the alkaline side of neutrality, due to the geological 

formation of the area .ASimiler results obtained by study of   [29- 32] they recorded that the pH value were 

ranged between (5.7-8.2) ,(7.0-8.1) and (6.7-8.3) in duhok vally, wastewater channel of Erbil city and dukan 

lake water respectively. Increase of pH value may be due to the nature of pollutants which reach the 

wastewaters sites, such  as fertilizers and cleaning agents, detergents that has alkaline effect on the water  

[30,33,34,35]. 
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Table(2)physico-chemical properties of the studied area,data represented as minimum, maximum, mean±S.E, during 

October 2018-May 2019 

*value in each rows with  same letters are not  significantly difference at (p≤ 0.05) ,value with different letters 

are significantly different. 

Figure2. Spatio-temporal variations of water temperature(ºC) of sulaimani wastewater. 

Sites 

 

Parameters 

                                                     Mean±S.E 

Site1 Site 2 Site 3 Site 4 

Water  temperature(ºC) 14-23
c
 

17.5±1.21 

13-26
c
 

17.5±1.45 
12-25

 b
 

19.7±1.48 

15-25
a
 

20.1±1.41 

PH 6.6-7.6 
b
 

7.22±0.12 

6.9-7.6 
b
 

7.30±0.07 

7.1-7.9 
a
 

7.46±0.09 

6.9-8.0 
a
 

7.45±0.13 

Electrical 

conductivity(µs/cm) 
407-601 

c
 

482±26.00 

266-585 
d
 

432.25±33.66 

773-1004 
a
 

867.25±29.00 

398-975 
b
 

721.5±76.64 

Total dissolved Solid 

(ppm) 
133-284 

d
 

207.5±19.87 

146-317
c
 

213.25±20.64 

378-468 
a
 

430.25±11.69 

241-509 
b
 

396.875±31.12 

Turbidity(NTU) 42-1001 
b
 

369.62±119.82 

57-986 
a
 

541.75±146.60 

32-1010.5
 c
 

229.93±116.43 

41-643
d
 

210.75±69.64 

Dissolved 

Oxygen(mg/L) 
3.1-6.8 

a
 

5.45±0.41 

3.2-7.0 
a
 

5.52±0.40 

3.5-7.1 
b
 

4.80±0.38 

3.1-5.8 
c
 

4.62±0.32 

Biological Oxygen 

Demand(mg/L) 
80-360 

c
 

139.75±32.44 

52-287
d
 

130.62±25.26 

93-304 
b
 

177.87±21.78 

83-324 
a
 

209.87±32.58 

Chemical Oxygen 

Demand(mg/L) 
251-975.5

d
 

484.43±103.86 

275-926
c
 

517.62±93.11 

354-1025
b
 

654.875±105.10 

452-1025
a
 

722.62±89.84 

Nitrate(NO3)(mg/L) 0.45-6.66 
a
 

2.92±0.72 

0.41-5.22 
c
 

2.58±0.55 

0.28-3.49 
d
 

1.43±0.37 

0.69-7.62 
b
 

2.80±0.76 

Posphate(PO4)(mg/L) 0.18-5.88 
c
 

2.56±0.74 

0.18-5.87
d
 

2.17±0.74 

0.18-24.0 
b
 

8.80±2.84 

7.09-27.83 
a
 

16.31±2.87 
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Figure3. . Spatio-temporal variations of  PH value of sulaimani wastewater. 

 

     The results of electrical conductivity and total dissolved solids in this investigation ranged between (266 - 

1004) µS/cm and (133 - 509) ppm respectively, asignificant difference was observed  among the months and 

sites.  (Figure, 4 and 5).the lowest value of EC recorded in rainy months might be related to the dilution and 

the highest flow of wastewater.  The decreases in the EC and TDS related to the lack of concentration of 

dissolved salts, that  utilization by phytoplankton. These results match with many other studies of [30,36,37].   

Increasing of TDS in  the waste waters coincided with  the increase of water temperature that affected by  the 

level of dissolved solids in the water body, fertilizer run-off, wastewater and septic effluent, soil erosion , 

decaying plant and animals ,and geological features of the studied  area  [38-40]. 

Figure4. Spatio-temporal variations of Electrical conductivity  of sulaimani wastewater 
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Figure5. Spatio-temporal variations of Total Dissolved Solids of sulaimani wastewater 

     Turbidity value ranged between (32-1010.5) NTU in the studied area (figure,6). Turbidity is the amount of 

suspended matter such as clay, silt, inorganic matter , organic matter and algae density [8 ,41].  The highest 

Dissolved oxygen recorded 7.1mg/L was in site 3 in February 2019 while lowest dissolved oxygen values 

were observed in sites 1 and 4 during March 2019 (figure, 7) . Dissolved oxygen concentration  was  affected 

by water temperature, water movement and salinity  [42],  and especially dependent on biological activities 

such as photosynthesis ,respiration and consumption by living organisms like bacteria  similar results 

observed by [43-46 ,33]. 

Figure6. Spatio-temporal variations of Turbidity of sulaimani  wastewater 



JZS-A Volume 22, Issue 2, December 2020 

31 

 

Figure7. Spatio-temporal variations of Dissolved Oxygen of sulaimani wastewater 

     Biological oxygen demand concentration was ranged between (52 - 360) mg/L, (Figure, 8).  the highest 

concentration recorded in sites1 and 4, it be due to discharging of domestic, industrial and agricultural wastes  

to the waters continuously, and the effects of temperature on the activity of the microorganisms leads to 

increasing the  BOD5 ratio in the wastewater as indicated by  [47-49] , previous studies showed that  the BOD5 

value for untreated city sewage water ranged from 100-400 mg/L [50]. The highest and lowest COD value of 

the study area  are ranged between (251-1025)mg/L. Statistical results showed significant differences at 

(P≤0.05) between  months and sites (sites1 and 2) and (sites3 and 4) (Figure, 9) . Concentrations of BOD5 and 

COD could constitute potential pollution problems to the water bodies since it contains high  organic 

compounds that require large amounts of oxygen for degradation. In terms of wastewater strength, the average 

concentration of BOD5 and COD in domestic wastewater,  are recorded to range from 110 to 350 and 250 to 

800 mg/L respectively by [51]. The value of COD was higher than the value of BOD5 during the period of the 

study.  Generally, this indicates that less number of compounds can be biologically oxidized than the number 

which can be chemically oxidized [52].  Same results was observed by [46,49,53] they showed that the 

BOD5,COD  values  ranged between (162.8–974.7 )mg/L, (543–1231) mg/L in paint industrial wastewater of 

Nigeria recpectively, while The average values of BOD5(173) mg/L, COD(386) mg/L were investigated from 

Al-Sadr Teaching Hospital wastewater in Basra city and The COD value were ranged between (280- 1410) 

mg/L in hospitals wastewater of Erbil city. 

Figure8. Spatio-temporal variations of BioChemical Oxygen Demand of sulaimani wastewater 
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Figure9. Spatio-temporal variations of Chemical Oxygen Demand of sulaimani wastewater 

     Nitrate values varied between 0.285 and 7.624 mgN-NO3/L during this study .  Higher nitrate 

concentrations were recorded in  site 4  during May 2019 .( Figure, 10) This may be related to significant 

sources of nitrate which are chemical fertilizers from cultivated land and drainage from livestock feedlots, as 

well as domestic sewage and rainfall  [54,55]. 

     The range of Phosphate  recorded were between 0.18 and 27.84 mg P.PO4/L. statistically differences 

(P≤0.05)were observed between months in the studied area (Figure,11). The Maximum  value of PO4 in site 4  

may be due to  detergents used for cleaning contained polyphosphate compounds and algae activities. The 

excess content of phosphorus in receiving waters leads to extensive algae growth which caused 

(eutrophication).In the aquatic environment concentration of phosphorus supports algal bloom is ranged 

between 0.005 to 0.05 mg/l  [56 ,44]. 

 
Figure10. Spatio-temporal  variations of  Nitrate of sulaimani  wastewater 
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Figure11. Spatio-temporal variations of  Phosphate of sulaimani wastewater 

 

Qualitative and Quantitative study of phytoplankton 

     A total of 114  identified algal taxa  during the  studied period from all selected sites were listed in  ( Table 

3), belonging to 7 Taxonomical divisions: Bacillariophyta was the most dominate with ( 63taxa) ,4 taxa of 

them belong to centric diatom and 59 taxa to pinnate diatoms. The highest  percentage of diatoms was 

recorded at St.2 making up (92.74% )  followed by (24 taxa) of Cyanophyta which make up,(90.18%) at St.4 , 

Chlorophyta, (22 taxa) making up(19.52%) at site3. Two taxa for Pyrophyta and (1 taxa) for each of 

Euglenophyta , Rhodophyta and Xanthophyta were recorded during the entire study. 
     Results of phytoplankton density during the period of this  study was recorded the highest phytoplankton 

density 58269.44ind×10
3
/L at site4, followed by (22307.7ind×10

3
/L) at site 3, and (21274.2ind×10

3
/L) at Site 

1. The lowest total density(14300.2ind×10
3
/L)  was recorded at site 2 as shown in Table (3).This variation of 

Phytoplankton density between sites may be due to the environmental factors and geological formations of the 

studied area,similar results were observed  by  [57 , 58]. The highest frequency of filament blue green algae 

,chlorella vulgaris,cytclotella ocellata were (1617.5, 211 and 202) respectivilly which are  recorded in site 

3,and higest frequency of Nitzischia palea(944) recorded at site 1. while the lowest frequency of algae was 

composogon sp.(1)  which recorded at sites2 and 3,surirella angustatum rate was (1) at site1. 

   The most dominant species of Bacillariophyceae which identified in all studied sites  at  most months: 

Centrales is Cyclotella ocellata, while among  pinnales order Achnanthes minutissima, Amphora veneta, 

Cymbella affinis, Navicula cryptocephala, N. cryptocephala (var.veneta)and Nitzschia palea. In the present 

study the wastewater showed adominant group of diatoms because they are known to be tolerate to avariable 

number of limnological and environmental factors [59].  Also, their community structure may be responsive to 

any alterations in the environmental conditions [60,61],  many ecological parameters effect on algae growth in 

the wastewater such as nutrients and temperature, increasing of these parameters lead to increasing of algae 

growth in wastewaters. 

     Cyanophyceae (24 taxa) formed the second  most algal group of phytoplankton at the selected sites, the 

most abundant species of Cyanophyceae which identified in all studied  sites  and in most months periods of  

the study were: Oscillatoria limnetica, Oscillatoria minima. Cyanophyta more than any other algae tolerant to 
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organic pollution because they are highly resistant to all sorts of ecological stresses and environmental 

hardships [62,63]. 

     Chlorophyceae (22taxa) formed the third  most algal group at the selected sites, The most abundant species 

of Chlorophyceae which identified in all studied sites  and in most months of study were: Chlorella sp., 

Chlorella vulgaris, Coelastrum  microporum, Monoraphidium sp., Monoraphidium circinale, Monoraphidium 

convolutum. Amongst Chlorophyceae species, Chlorella vulgaris. was found to be the most dominant species 

at all sites. Algal community decreases at all sites during winter, due to unfavorable environmental conditions 

such as low water temperature , slight sunlight intensity and current oscillation, similar results obtained by  

[64-69] . Algae genera increasing in October and March  may be due to high level of NO3,PO4 and 

temperature during  these months, in addition to the increasing of pollutants rate , agricultural runoff , 

industrial and sewage effluents that discharged in the wastewater. 
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Table(3) List of phytoplankton  identified  in the studying sites.(A)=Annual Density (ind.×10
3
/L), (B)=Density percentage (%), (C)=Number of frequency,  

0=absence

Sites 

  

Taxa  

Site one Site two Site three Site four 

A B C A B C A B C A B C 

CYANOPHYCEAE(Total) 245.1 1.15  258 1.80  13955.4 62.5  52549.74 90.18  

Aphanothece sp. 0 0 0 0 0 0 51.6 0.23 4 38.7 0.06 3 

Chamaesiphon sp. 25.8 0.12 2 12.9 0.09 1 25.8 0.11 2 38.7 0.06 3 

Chroococcus limneticus (Lemm.) 0 0 0 0 0 0 38.7 0.17 3 0 0 0 

Chroococcus  turgidus (kutez).Nageli 0 0 0 0 0 0 12.9 0.05 1 25.9 0.04 2 

C.dispersus 0 0 0 0 0 0 25.8 0.11 2 0 0 0 

Coccoid –blue green algae 12.9 0.06 1 0 0 0 0 0 0 0 0 0 

Filament blue-green algae 12.9 0.06 1 12.9 0.09 1 11788.1 52.84 1617.5 51717.44 88.75 858 

Lyngbya limnetica( Lemm.)1898 12.9 0.06 1 0 0 0 25.8 0.11 2 12.9 0.02 1 

Lyngbya aestuarii( Lemm.) 12.9 0.06 1 25.8 0.18 2 12.9 0.05 1 25.8 0.04 2 

Merismopedia convolute(Brebisson) 0 0 0 0 0 0 0 0 0 12.9 0.02 1 

M.  glauca 0 0 0 0 0 0 12.9 0.05 1 0 0 0 

M. tenussima 0 0 0 0 0 0 25.8 0.11 2 12.9 0.02 1 

Microcystis aeruginosa( Kutez.) 0 0 0 0 0 0 51.6 0.23 4 0 0 0 

Nostoc sp. 12.9 0.06 2 12.9 0.09 2 0 0 0 12.9 0.02 1 

Oscillatoria sp. 0 0 0 0 0 0 25.9 0.11 2 12.9 0.02 1 

O. amoena 12.9 0.06 1 12.9 0.09 1 0 0 0 0 0 0 

O.limnetica ( Lemm.) 38.7 0.18 3 64.5 0.45 5 1483.5 6.65 115 258 0.44 25 

O.princeps(W.West&G.Swest) 0 0 0 12.9 0.09 1 12.9 0.05 1 25.8 0.04 2 

O.terebriform(C.Agardh) 12.9 0.06 1 0 0 0 0 0 0 0 0 0 

O.chymlybeum(Mertens) 12.9 0.06 1 12.9 0.09 1 0 0 0 12.9 0.02 1 

O. angustissium 12.9 0.06 1 12.9 0.09 1 0 0 0 0 0 0 

O.minima(Gicklhom) 64.5 0.30 5 25.8 0.18 2 283.8 1.27 22 335.4 0.57 26 

O. amphibium(c.Agardh) 

Anagnostidis&Komark 
0 0 0 0 0 0 0 0 0 12.9 0.02 1 

Spirulina  major( Kutez.) 0 0 0 51.6 0.36 4 77.4 0.34 6 38.7 0.06 3 

CHLOROPHYCEAE (Total) 2544.7 11.9 
 

553.5 3.87 
 

4354.7 19.52 
 

2608.2 4.47 
 

Ankistrodesmus falcatus (Corda) 0 0 0 25.8 0.18 2 0 0 0 25.8 0.04 2 

Bultochaete sp. 12.9 0.06 1 0 0 0 0 0 0 0 0 0 

Cosmarium hammeri(Reinsch) 12.9 0.06 1 0 0 0 0 0 0 38.7 0.06 3 
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Chlamydomonas sp. 12.9 0.06 1 0 0 0 0 0 0 1019.1 1.74 79 

Chlorella sp. 78.6 0.36 8 38.7 0.27 13 51.6 0.23 43 72.3 0.12 39 

C. vulgaris(M.Beijierinck) 1057.8 4.97 82 154.8 1.08 12 2735.3 12.26 211 1046.1 1.79 81 

C. aellipsoidea 0 0 0 0 0 0 12.9 0.05 1 0 0 0 

Coelastrum  microporum(Nageli) 206.4 0.97 16 38.7 0.27 3 38.7 0.17 3 51.6 0.08 4 

Closterium sp. 0 0 0 0 0 0 12.9 0.05 1 12.9 0.02 1 

Cosmarium hammeri(Reinsch) 12.9 0.06 1 0 0 0 0 0 0 38.7 0.06 3 

Crucigenia tetrapedia(Kircher) 

W.west&G.S.west 
0 0 0 0 0 0 0 0 0 12.9 0.02 1 

Kirchneiella obesa 12.9 0.06 1 12.9 0.09 1 12.9 0.05 1 0 0 0 

Pandorina  morum 0 0 0 0 0 0 12.9 0.05 1 0 0 0 

Scendesmus sp. 12.9 0.06 3 12.9 0.09 3 12.9 0.05 7 12.9 0.02 8 

S. acuminatus 0 0 0 12.9 0.09 1 0 0 0 0 0 0 

S. bijuga 0 0 0 0 0 0 12.9 0.05 1 12.9 0.02 1 

S. quadricauda(Chodat) 0 0 0 25.8 0.18 2 25.8 0.11 2 0 0 0 

Tetramedron minimum(A.Braun)Hansgrig 25.8 0.12 2 12.9 0.09 1 0 0 0 51.6 0.08 4 

Monoraphidium sp. 1002 4.70 60 122 0.85 34 1254 5.62 19 116 0.19 20 

M.circinale 58 0.27 11 67 0.46 8 58 0.25 33 38.7 0.06 8 

M.convolutum 38.7 0.18 4 29.1 0.20 3 101 0.45 66 58 0.09 11 

Oedogonium sp. 0 0 0 0 0 0 12.9 0.05 1 0 0 0 

EUGLENOPHYCEAE (Total) 335.4 1.57 
 

64.5 0.45 
 

38.7 0.17 
 

51.6 0.08 
 

Euglena sp. 335.4 1.57 25 64.5 0.45 5 38.7 0.17 3 51.6 0.08 4 

PYROPHYCEAE (Total) 141.9 0.66  90.3 0.63  90.3 0.40  77.4 0.13  

Peridinium cinctum(Muller) 141.9 0.66 11 90.3 0.63 7 90.3 0.40 7 77.4 0.13 7 

Dinobryon  sertularia 0 0 0 25.8 0.18 2 0 0 0 0 0 0 

RODOPHYCEAE (Total) 0 0 
 

12.9 0.09 
 

12.9 0.05 
 

0 0 
 

Composogon sp. 0 0 0 12.9 0.09 1 12.9 0.05 1 0 0 0 

XANTHOPHYCEAE(Total) 77.4 0.36  58.7 0.41  12.9 0.05  38.7 0.06  

Tribonema sp. 77.4 0.36 6 58.7 0.41 33 12.9 0.05 3 38.7 0.06 18 

BACILLAROPHYCEAE (Total) 17929.7 84.27 
 

13262.3 92.74 
 

3842.8 17.22 
 

2943.8 5.05 
 

A- CENTERALES 732.5 3.44 
 

754 5.27 
 

3016.3 13.52 
 

2146 3.68 
 

Aulacoseira granulate (Ehr.)1979 29 0.13 2 0 0 0 0 0 0 14.5 0.02 1 

Cyclotella ocellata(Pant)1902 689 3.23 45 754 5.27 34 2929.3 13.13 202 2117 3.63 146 

C. meneghiniana( Kutez.)1844 14.5 0.06 1 0 0 0 0 0 0 0 0 0 

Melosira granulata(Ehr.) 0 0 0 0 0 0 87 0.38 6 14.5 0.02 1 
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B-PENNALES 17197.2 80.83 
 

12508.3 87.46 
 

826.5 3.70 
 

797.8 1.36 
 

Achnanthes sp. 0 0 0 0 0 0 14.5 0.06 1 0 0 0 

A. celevi 14.5 0.06 1 14.5 0.10 1 0 0 0 0 0 0 

A. minutissima(Kutz.)1833 594 2.79 41 14.5 0.10 1 58 0.25 4 43.5 0.07 3 

Anomoeoneis exilis(Kutez.) 58 0.27 4 0 0 0 0 0 0 0 0 0 

Anomoeoneis sphaerophora 29 0.13 2 14.5  1 0 0 0 0 0 0 

Amphora  coffeaeformis (c.Agardh) 14.5 0.06 1 0 0 0 0 0 0 0 0 0 

A. veneta(Kutz.) 58 0.27 4 58 0.40 4 14.5 0.06 1 72.8 0.12 5 

Bacillaria paxillfer(Mull.) 1951 0 0 0 14.5 0.10 1 0 0 0 0 0 0 

Caloneis sp. 0 0 0 14.5 0.10 1 14.5 0.06 1 14.5 0.02 1 

Caloneis  bacillum 14.5 0.06 1 14.5 0.10 1 0 0 0 0 0 0 

Cocconeis  placentula (Ehr.)1838 29 0.13 2 0 0 0 0 0 0 0 0 0 

C. pediculus (Ehr.) 0 0 0 0 0 0 0 0 0 14.5 0.02 1 

C. placentula(var.euglypta) 1844 14.5 0.06 1 0 0 0 0 0 0 0 0 0 

Cymbella  affinis(Kutz.) 14.5 0.06 1 58 0.40 4 29 0.12 2 29 0.04 2 

C. cistula( Ehr.) 0 0 0 0 0 0 0 0 0 14.5 0.02 1 

C. helvetica (kutez) 14.5 0.06 1 0 0 0 0 0 0 0 0 0 

C. ventricosa(C.Agardh) 0 0 0 14.5 0.10 1 0 0 0 29 0.04 2 

C. microcephala(Grun)1880 14.5 0.06 1 0 0 0 0 0 0 0 0 0 

Diatoma vulgare (Bory.) 1824 29 0.13 2 0 0 0 14.5 0.06 1 43.5 0.07 3 

D. elangatum( Agardh.) 0 0 0 0 0 0 0 0 0 14.5 0.02 1 

Diploneis ovalis(Hilse)1894 0 0 0 14.5 0.10 1 0 0 0 0 0 0 

Epitheca  sorex 0 0 0 0 0 0 14.5 0.06 1 0 0 0 

Fragillaria acus (Kutez) 14.5 0.06 1 0 0 0 0 0 0 0 0 0 

F. ulna (Nitz.) 72.5 0.34 5 101.5 0.70 6 14.5 0.06 1 14.5 0.02 1 

F. ulna (var.biceps) 14.5 0.06 1 0 0 0 0 0 0 0 0 0 

F. ulna(var.oxyhrynchus) 29 0.13 2 58 0.40 3 14.5 0.06 1 0 0 0 

F. fasciculata 29 0.13 2 14.5 0.10 1 0 0 0 0 0 0 

F. vaucheriae (Kutez.) 14.5 0.06 1 0 0 0 0 0 0 0 0 0 

Gomphonema  angustatum (Kutez.)Rabh 

1864 
58 0.27 4 80.8 0.56 5 58 0.25 4 0 0 0 

G.lurris(Ehr.) 14.5 0.06 1 14.5 0.10 1 0 0 0 0 0 0 

G. olivaceum (Lyngb.) 0 0 0 14.5 0.10 1 0 0 0 0 0 0 

G. parvulum(Kutez.) 0 0 0 29 0.20 2 0 0 0 0 0 0 

G. sphaerophorum(Ehr.) 0 0 0 14.5 0.10 1 0 0 0 0 0 0 
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Gyrosigma  scalproides 14.5 0.06 1 0 0 0 0 0 0 0 0 0 

Hantzschia amphioxys(Ehr.)1880 29 0.13 2 29 0.20 2 58 0.25 3 58 0.09 4 

Navicula cryptocephala (Kutz.) 261 1.22 18 377 2.63 24 130.5 0.58 9 72.5 0.12 5 

N. cryptocephala var intermedia(Grun) 0 0 0 14.5 0.10 1 0 0 0 0 0 0 

N. cryptocephala (var.veneta) 29 0.13 2 43.5 0.10 3 43.5 0.19 3 43.5 0.07 3 

N. gracilis(Ehr.) 0 0 0 14.5 0.10 1 0 0 0 0 0 0 

N.pygmea(Kutz.)1849 14.5 0.06 1 0 0 0 0 0 0 0 0 0 

N. radiosa 0 0 0 14.5 0.10 1 0 0 0 0 0 0 

Nitzschia sp. 14.5 0.06 1 14.5 0.10 1 14.5 0.06 1 14.5 0.02 1 

N. amphibia (Grun) 29 0.13 2 0 0 0 0 0 0 0 0 0 

N. apiculata 14.5 0.06 1 29 0.20 2 0 0 0 0 0 0 

N. acicularis 1551.5 7.29 107 217.5 1.52 15 29 0.12 2 14.5 0.02 1 

N. hungarica(Grun.) 1862 101.5 0.47 7 29 0.20 2 0 0 0 0 0 0 

N. palea(kutz.) 13717.7 64.48 944 11021 77.06 139 232 1.03 44 159.5 0.27 11 

N.sigma 0 0 0 0 0 0 0 0 0 29 0.04 2 

N.sigmoidea(Ehr.) 14.5 0.06 1 29 0.20 2 14.5 0.06 1 29 0.04 2 

N.dubia(W.smith) 0 0 0 14.5 0.10 1 0 0 0 0 0 0 

N. dissipata(Grun.) 58 0.27 4 0 0 0 43.5 0.19 3 0 0 0 

N. frustulum(Kutz.) 29 0.13 2 14.5 0.10 1 0 0 0 0 0 0 

N. gracilis(Hantzch.) 14.5 0.06 1 0 0 0 0 0 0 0 0 0 

N. longissima(Breb.) 14.5 0.06 1 0 0 0 0 0 0 14.5 0.02 1 

N. microcephala 0 0 0 29 0.20 2 0 0 0 0 0 0 

N. tryblionella(Hantzsch) 0 0 0 0 0 0 0 0 0 14.5 0.02 1 

Rhoicosphenia curvata(Kutez.) 101.5 0.47 7 0 0 0 0 0 0 14.5 0.02 1 

Surirella ovata(Kutez.)1844 29 0.13 2 58 0.40 4 14.5 0.06 1 43.5 0.07 3 

S. angustatum 14.5 0.06 1 0 0 0 0 0 0 0 0 0 

Total Density(ind.× 10
3
/L) 21274.2 

  
14300.2 

  
22307.7 

  
58269.44 
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Conclusion 

     Decreasing of dissolved oxygen and increasing in BOD5, EC and  TDS indicates  that the wastewater 

highly polluted by industrial and domestic waste from the area near the studied sites .Diatoms was the most 

dominant group of phytoplankton in sulaimani wastewater and high density of algal population was related to 

the increasing of nutrients  level  in the studied sites. 
 

Acknowledgment 

     This research was supported by Biology Department,College of Scinces,University of Sulaimani-Kurdistan 

region/Iraq. 

 

References  

[1] Usharani, K., et al., "Physico-chemical and bacteriological characteristics of Noyyal River and ground 

water quality of Perur, India." Journal of Applied Sciences and Environmental Management ,Vol.14, 

No.2. (2010). 

[2] (W.H.O.). World Health Organization. "Guidelines on Technologies for Water Supply System in small 

Communities". Eastern Activities. Amman. (1993). 

[3] Jia, H., Yuan, Q. "Removal of nitrogen from wastewater using microalgae and microalgae–bacteria 

consortia." Cogent Environmental Science,Vol. 2, No.1,  (2016). 

[4] Hammouda, O., Gaber,A., and Abdelraouf, N. "Microalgae and wastewater treatment." Ecotoxicology 

and Environmental safety.Vol. 31, No.3, pp. 205-210. (1995). 

 [5] Hoffmann, J.P. "Wastewater treatment with suspended and nonsuspended algae." Journal of 

phycology .Vol.34, No.5, pp.757-763. (1998). 

 [6] Topare N.S., et al." Sewage/Waste Water Treatment Technologies" A Review, Scientific Review and 

Chemical Communication.Vol.1, No. 1, pp.18-24. (2011). 

[7] Ganoulis, J. "Risk Analysis of Water Pollution". 2nd ed.; WILEY-VCH Verlag GmbH & Co. 

KGaA:Weinheim, Germany,  pp. 1–311. (2009). 

[8] Ohioma, A. I., Luke, N. O., and Amraibure, O. "Studies on the pollution potential of wastewater from 

textile processing factories in Kaduna, Nigeria." J. Toxicol. Environ. Health Sci .Vol.1, No.2. (2009). 

[9] Amin, A. A. "Evaluation of Wastewater Characteristics in the Urban Area of Sulaimanyah Governorate in 

Kurdistan-Iraq."  (2018). 

[10]-Hutchinson, G.E. "A treatise on Limnology". Wiley. Vol.2,  pp .115. (1967). 

[11] Descy, J.P. "Ecology of the phytoplankton of the River Moselle: effects of disturbances on community 

structure and diversity." Hydrobiologia.Vol. 249, No.1-3, pp.111-116. (1993). 

[12] Rinella, D. J., & Bogan, D. L. "Toward a Diatom Biological Monitoring Index for Cook Inlet Basin, 

Alaska, Streams". Environment and Natural Resources Institute, University of Alaska Anchorage. (2004). 

 [13] Hu, C. X., & Liu, Y. D. " Primary succession of algal community structure in desert soil ". Acta. 

Botanica Sincia.Vol. 45,  No.8 , pp.917-924. (2003). 

[14] Stevanovic, Z., and Markovic, M. "Hydrogeology of Northern Iraq. Vol. 1. Climate, hydrology, 

geomorphology & geology. Vol. 2. General hydrogeology and aquifer systems." (2004). 

[15]Maulood, B.K. and Hinton, G.C.F. "An ecological study onSarchinar water, chemical and physical 

aspects .̋ Zanco Science Journal Univ. Sulaimany, Iraq. Series A.Vol. 4 , No. 3,  pp.93-117. (1978a). 

[16] (APHA) American Public Health Association. "Standard Methods for Examination of Water and Waste 

Water ̋. 22th ed. Washington DC, USA. (2012). 

[17] Rump, H. H. "Laboratory manual for the examination of water, waste water and soil ". (No. Ed. 3). 

Wiley-VCH Verlag GmbH.  (1999). 

[18] Furet, J. E., and Benson-Evans, K. "An evaluation of the time required to obtain complete sedimentation 

of fixed algal particles prior to enumeration". British Phycological Journal,Vol. 17, No.3,  pp. 253-258. 

(1982). 



JZS-A Volume 22, Issue 2, December 2020 

40 

 

[19] Desikachary, T.V. ’’ Cyanophyta. ’’ Vol. 2. New Delhi. Indian Council of Agricultural Research. (1959). 

[20] Prescott, G.W. " The alga: A review. Houghton Mifflin comp. " Boston,  pp .436. (1964). 

[21]  Prescott, G. W. "How to know fresh water algae WMC Brown Co." Dubuque. Iowa. USA. (1978). 

[22]  Prescott, G. W. "Algae of the western Great Lakes area, with an illustrated key to the genera of desmids 

and freshwater diatoms". Otto Koeltz Science Publishers. (1982). 

[23] Hustedt, F. "Bacillariophyta (Diatomeae)." Susswasser-flora Mitteleuropas.Vol. 2, No. 10, pp. 1-

466. (1930). 

[24] Hustedt, F. "The Pennate Diatoms". A Translation of Hustedt´SDie Kieslalgen. with Supplement by 

Norman G. Jensen. Printed in Germany by Strauss and Cramer Gmbh,  pp .918. (1959). 

[25] Sdiq, K. H. "Ecological and Physiological Studies onSome Algae Species growth in Dukan Lake-

Kurdistan Region of Iraq". M.Sc. thesis, University of Sulaymaniya. (2015). 

[26] Al-Barwre M. R,"Self-purification of the discharge arrived to valley stream of Duhok" Ph. D. Thesis. 

College of science, university of Mosul .(2013)  

[27] Meme, F. K., Arimoro, F. O., and Nwadukwe, F. O. "Analyses of physical and chemical parameters in 

surface waters nearby a cement factory in north central, Nigeria". Journal of Environmental 

Protection.Vol. 5,  pp.826-834. (2014). 

[28]Zohary,M. ''The flora of Iraq and its phytogeographical subdivision''.Departmanet of Agriculutre. Iraq. 

(1950). 

[29]Chitnisa, V. "Bacterial population changes in hospital effluent treatment Plant in central India". Water 

Res. Vol.38, pp. 441-447. (2004). 

[30] Hassan, N. E., & Al-barware, M. R. A. "Assessment of Wastewater in Duhok Valley, Kurdistan 

Region/Iraq".   Advances in Science, Technology and Engineering Systems Journal .Vol. 1, No. 3,  pp. 7-

13. (2016).  

[31] Shekha, Y.A., Haydar, H.A. and Al- Barzingy, Y. O.M. "The effect of wastewater disposal on the water 

quality and phytoplankton in Erbil wastewater channel". Baghdad Science Journal. Vol.7,No. 2, pp. 984-

993. (2010). 

[32] Bilbas A.H.A. "Ecosystem Health Assessment of Dukan Lake, Sulaimani, Kurdistan Region of Iraq". 

Phd.Dissertation. Higher Education Coll., University of Salahaddin-Hawler, Iraq. (2014). 

[33]Al-Barware M.R."Evaluation of the quality of irrigation water sources of celery plant Apium graveolens 

in Mosul city and the resultant pollution", M.sc Thesis, College of science, Mosul university. (2004).  

[34] Adefemi O.S, Asaola SS, Olaofe O."Assessment of the physico-chemical status of water samples from 

major dams in Ekiti State, Nigeria" Pakistan J. Nutri.Vol. 6, No.6, pp. 657-659. (2007).  

[35] Akoto O., Adiyiah J. "Chemical analysis of drinking water from some communities in the Brong Ahafa 

region" Int. J Envirron. Sci, Tech.Vol. 4, No.2, pp. 211- 214. (2007).  

[36] Fatoki O.SA, Muyima N.Y., lujiza N. "Situation analysis of water quality in the umtata river catchment" 

Water SA. Vol.27, pp. 467-473. (2011).  

[37] AL-Saffawi A.A, AL-barwre M.R, Al-Jahssany N.K. "Physical, Chemical and biological characteristic 

of Dohuk valley water" Tikit Journal of pure science.Vol. 14, No. 2, pp.54-60,  (2009).  

[38] Al-Fatlawey, Y.F.K." Study the drinking water quality of some Baghdad drinking water treatment 

plants". Ph. D. Thesis. The university of Baghdad. Baghdad, Iraq. (2007). 

[39] Al-Haidary, M.G.S." The ecological affections that tolerance the industrial water of the general company 

of Al-Furatt for chemical industries in Al-Sadda in Iraq". MSc. Thesis, Collage of science, 

Babylon.(2003). 

[40] Shekha, Y. A. "Multivariate statistical characterization of water quality analysis for Erbil wastewater 

channel". ZANCO Journal of Pure and Applied Sciences.Vol.28,No. 3, pp. 142-151. (2016). 

[41] (WHO),World Health Organization."Guideline for Drinking Water Quality". 3rd edition, 

Recommendations, Geneva. Vol. 1,  pp. 512-520. (2006). 

[42] Narragansett Bay Estuary Program. "State of Narragansett Bay and Its Watershed" Technical Report. 

(Chapter 15: Dissolved oxygen, pp. 276-296. (2017). 



JZS-A Volume 22, Issue 2, December 2020 

41 

 

[43]  Julian, K.T., Marianne, S.,Shaun, R."Contaminated Groundwater Sampling and Quality Control. of 

Water Analyses".Environmental Geochemistry, 2nd ed..British Geological Survey: Nottingham, UK,  pp. 

25-45. (2018). 

[44] Hassan, N. E., Al-barware, M. R. A." Assessment of Wastewater in Duhok Valley, Kurdistan 

Region/Iraq".  (2016). 

[45] Al-Jahssany. N.K, "Effect of domestic and industrial discharge water of Mosul city upon Tigirs water 

quality". M.sc. Thesis. College of science, Mosul University (2003).  

[46] Aniyikaiye, T. E., et al. "Physico-chemical analysis of wastewater discharge from selected paint 

industries in Lagos, Nigeria". International journal of environmental research and public health.Vol.16, 

No. 7,  pp. 12-35. (2019). 

[47] Dalrymple, O.,Yeh, D. and Trotz, M. "Removing  pharmaceuticals and endocrine - disrupting 

compounds from wastewater by photocatalysis". J. Chem. Tech. Biotech.Vol. 82, pp. 121-134. (2007). 

[48] Mohammed, A. and Ali, A. "Biotreatment of AL-Karama teaching hospital wastewater using aerobic 

pached bed". J. Baghdad for Sci. Vol. 10, pp. 144-151. (2013). 

[49] Al-Enazi, M. S. "Evaluation of Wastewater Discharge from Al-Sadr Teaching Hospital and its impact on 

the Al-Khorah channel and Shatt Al-Arab River in Basra City-Iraq". Evaluation. Vol.6, No. 12. (2016). 

[50] Pandey, K., Shula, J.P. and Trivedi, S.P. "Fundamental of toxicology". New Book Agency. pp.356.  

(2005).   

[51] Tchobanoglous, G. , Burton, F. and Stensel, H. "Wastewater engineering: Treatment and Reuse". 4th ed. 

Metcalf & Eddy Inc . Mc Graw- Hill. New York,  pp. 30-69. (2004). 

[52]  Kwak, J.,  et al."Estimation of Biochemical Oxygen Demand Based on Dissolved Organic Carbon, UV 

Absorption, and Fluorescence Measurement". Journal of Chemistry. (2013). 

[53] Aziz, R. J., Al-Zubaidy, F. S., Al-Mathkhury, H. J., and Musenga, J. "Physico-chemical and biological 

variables of hospitals wastewater in Erbil city". Iraqi Journal of Science.Vol.55, No. 1,  pp. 84-92. (2014). 

[54] Bartram, J. and Ballance, R. ''A practical Guide to the Design and Immplementation of Freshwater 

Quality Studies and Monitoring Programs''. United Nations Environment Program and the World Health 

Organization.ISBN 0 419 22320 7. (1996). 

[55] Farkha, T. K." Astudy of the  Distribution of phytoplankton and Aquatic Fungi in the lotic water in 

Bagdad District and the Effect of Enviromental Factors". (2006). 

[56] Yang, X-e. , et al. "Mechanisms and assessment of water eutrophication". J.Zhejiang Univ. Sci. B. Vol.9, 

No. 3, pp. 197-209. (2008). 

[57] Reynolds, C.S. "The response of phytoplankton communities to changing lake Environment". Schweiz Z 

Hydrol.Vol. 49, pp. 220-236. (1987). 

[58]  Giripunje, M. D., Fulke, A. B., Khairnar, K., Meshram, P. U. and Paunikar, W. N. "A Review of 

Phytoplankton Ecology in Freash water Lakes of India". Romanian Limnogeographical Association, 

Lakes, reservoirs and ponds, Vol. 7, No. 2, pp. 127-141. (2013). 

[59]  Al-Barzingy, Y. O. M., Toma, J. J., and  Shekha, Y. A. "Algal Survey in Wastewater Channel of Erbil 

City, Iraq". Diyala Journal For Pure Science.Vol. 12, No. 4-part 2, pp. 39-57. (2016). 

[60] Ramesha, M. and Sophia, S. "Species Composition and Diversity of Plankton in the River Seata at 

Seetanadi, the Western Ghats, India". Advanced Biotech.Vol. 12, No. 8, pp. 20-27. (2013). 

[61] Hassan, F.M.,Salman, J.M. and Al-Yassiry, T.M.H. "Ecological Observation on Phytoplankton Species 

Composition in Wastewater Treatment Plant / Iraq". International Journal of Advanced Research. Vol. 2, 

No. 8, pp. 344-356. (2014). 

[62] Vijayakumars, S., Thajuddin, N. and Manoharo, C. "Biodiversity of Cyanobacteria in industrials 

effluents". Acta. Bot. Malacitana.Vol. 32, pp. 1-8. (2007).  

[63] Chum-Xiang, H.C. and Young-Ding, L.Y. "Primary succession of algal community structure in desert 

soil". Acta. Botanica Sincia.Vol. 45, No. 8, pp. 917-924. (2003). 

[64] Welch, P.S. "Limnology". (2nd ed.). McGraw Hill Book Co. Inc. New York. pp.538. (1952). 



JZS-A Volume 22, Issue 2, December 2020 

42 

 

[65] Lampert, W., and Sommer, U. "Limnoecology: the ecology of lakes and streams".Oxford university 

press. (2007). 

[66] Dodson, S. "Zooplankton communities of restored depressional wetlands in Wisconsin, USA". 

Wetlands.vol 21, pp. 292-300. (2001). 

[67] Dodson, S. "Introduction to limnology". McGraw Hill Companies. USA. (2004). 

[68] Al-Tayyar, T.A., Shihab, A.S., Al-allaf, M.A. "Some environmental features of phytoplankton in Mosul 

dam lake". J. Dohuk University.Vol. 11, No. 1. (2008). 

[69] Polge, N., Sukatar, A., Soylu, E.N. and Gonulol. "Epipelic algal flora in the Küçükçekmece Lagoon." 

Turk. J. of Fisheries and Aquatic Sci.Vol. 10, pp.39-45. (2010). 


