
Iraqi Journal of Agricultural Sciences –2012:49(3):452-  462                                                Hassan & et al. 

452 

LIMNOLOGICAL STUDY OF DIYALA RIVER, IRAQ 
F. M. Hassan

1*
             N. A, J. Al- Zubaidi

2
            O. S. Youssef

2
 

                                  Prof.                                Prof.                             Researcher 
1
Dept. Biol., Coll. Sci. for Women, Univ. of Baghdad  

2
 Dep. Biol., Coll. Educ. Pure Science for Women, Univ. Diyala 

fikrat@csw.uobaghdad.edu.iq 

 ABSTRACT 

This study was conducted to evaluate the physicochemical and biological (epiphytic algae) 

properties of Diyala river. Eighteen environmental parameters were selected in addition to 

the qualitative study of epiphytic algae (total number of algae and chlorophyll a). Two 

macrophytes (Phragmites australis and Certatophyllum demersum) were selected for the 

benthic study. The results showed that the river was alkaline, very hard, brackish water and 

good aerated. The trophic level is ranged from oligotrophic to mesotrophic according to the 

results of total phosphorus, total nitrogen, and chlorophyll a.  The study revealed that the 

upper part of the river differed in its properties from the middle and the lower part in the 

environmental characteristics and the Algal benthic quantities. 
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 المستخمص
 الدراسة لتقيم الخصائص الكيميائية والفيزيائية والبايولوجية )الطحالب الممتصقة عمى النباتات( لمياه نير ديالى ه ىذ اجريت

الى دراسة كمية لمطحالب الممتصقة ) العدد الكمي و الكموروفيل أ(.  اختيرت ثمان عشر عاملا بيئيا بالاضافةلمياه نير ديالى 
اظيرت نتائج الدراسة بان مياه النير قاعدية و عسرة  .صب والشمبلان( لدراسة الطحالب الممتصقة عمييااختيرت نباتيين ) القو 

ة بالاعتماد عمى نتائج الفسفور الكمي فييا تتراوح بين فقيرة ومتوسطة الحال حالو العناصرالغذائيةذات تيوية جيدة. جدا و 
والنتروجين الكمي  والكموروفيل  أ. استنتجت الدراسة بان اعالي النير تختمف بخصائصيا البيئية عن الوسط واسفل النير 

 وكذلك في كمية الطحالب القاعية.  
 .لمنولوجية لنيرديالى, الة الاغتذائيةالح, بيئة المياه الجارية, العوامل البيئية, الطحالب القاعيةالكممات المفتاحية: 
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INTRODUCTION 

The world bank (38) announced that the 

availability of water in the Middle East and 

North Africa were facing the water scarcity in 

the present and in the future. Iraqi water 

resources are suffered from the shortage of 

water supply from the upstream of the Tigris 

and the Euphrates rivers and the Tigris river 

tributaries for many reasons (3). This scarcity 

will effect on the water quality of  rivers and 

increases the effect of water pollution (24). 

The monitoring water body is important to 

save these water resources through 

determining the physicochemical and 

biological parameters (13, 15, 37). The study 

of these parameters is considered as important 

indicators of water quality and for evaluation 

purpose of assessing their suitability for 

different uses of water (17).  Furhan et al. (17) 

investigated the water quality of River Soan 

(Punjab, Pakistan) by determining the 

physicochemical parameters and 

phytoplankton,  to evaluate the river water 

quality. This study showed that the river has a 

good quality. Another study also used 

physicochemical parameters for water quality 

evaluation  for the tributaries of the river Beas 

in Himalayan region in India, they found that 

the water quality is within the acceptable 

limits (7). In addition, Marques et al. (26) 

reported that the water chemistry of river-

related is to its physiographical features.   

Hassan et al. (21) found that the Diyala river 

water quality is ranged from poor to marginal 

by using some environmental factor and 

applied Water quality index. Madhloom et al. 

(24) found that some studied environmental 

factors are exceeded the acceptable limits at 

the lower reaches of the river. Other studies 

reported the effect of pollution on water 

quality of the Diyala river (30, 40). 

Macrophytes and Benthic algal communities 

were played a role in river ecosystems by 

different processes such as increase 

productivity, cycling nutrients, reduce the 

erosion process from the river banks and food 

source of other organisms (28, 34). Benthic 

algae (epiphytic) was used as bioindicators and 

Biomonitoring the river water quality (9, 10, 

12). Bellinger and Sigee (10) reported that the 

diatoms are used as bioindicators, and these 

groups of algae have the ability to resist the 

alteration in the environmental condition in a 

lotic ecosystem.  Shaawiat and Hassan (32) 

used the diatomic community as water quality 

indicators, and the study results indicated that 

the river was clean with moderately polluted. 

The objective of this tady to investigate the 

physicochemical properties of the Diyala river 

and qualitative study of benthic algae in 

Diyala River.  

MATERIAL AND METHODS 
Site Study: Diyala river is the largest 

tributaries of the Tigris river (with length 

386Km inside Iraqi territory) (Figure 1). This 

tributary is characterized by its meandering 

during its course (5). Its catchment is divided 

into three parts, where these parts are different 

in its morphology and its altitude from the sea 

level (5). The first part  (A) represented the 

upper reaches of the river (55-65m above sea 

level), while the third part (C) was the lower 

reach of river before joining into the Tigris 

river (35-45 m above sea level), and the 

second part (B) was between them and 

represented the middle part of the river (Table 

1).  Three sites were selected, the first site (Al- 

Sadour) is located 10km from Hemren dam, 

the second site is located in the Baqubah city 

(a 50 Km from Baghdad city), while the third 

site (Diyala bridge) is represented the lower 

reaches river (a 17K, from Baghdad city). The 

climate of the study area is characterized by 

hot desert climate (CSO, 2012-2013).  
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Figure 1. Map of the study area (followed Al-Qayim (5) 

Table 1. Coordinates and some morphometric properties of Diyala River. 

Sites 
Longitude 

(eastwards) 
Latitudes (northward) 

Meanders 

degree 

Slop 

cm/Km 
Depth m 

Elevation 

m  

1                                  1.4 43 1.64 65 

2                  54.29  37' 44" 2.42 17 3.04 46 

3                                   1.5 26 3.2 35 

Sampling  

Eighteen environmental factors  were 

determined and collected monthly with three 

replicates from each site, the results were 

expressed as seasonally. All selected factors 

were measured according to APHA (6). These 

factors included as follows: Temperature (air  

(TA) and water TW), water flow (WF), 

electric conductivity (EC), light penetration 

(LP), turbidity (Tub), total dissolved solids 

(TDS), total suspended solids (TSS), pH, 

dissolved oxygen (DO), biochemical oxygen 

demand (BOD5), salinity (S‰), total alkalinity 

(TA), total hardness (TH), calcium  (Ca) and 

magnesium (Mg), moreover, total nitrogen 

(TN), total phosphorus (TP) and silicate 

(SiO3). Also, the total number of epiphytic 

algae and chlorophyll-a were studied. The 

epiphytic algae were collected from two 

macrophytes (P. australis and C. demersum). 

The macrophytes samples were collected from 

sites and kept in plastic bags with a little of the 

river water in the field with a buffer formalin 

(4%) to a set of sample and another set without 

preservative solution. In a laboratory, foramm 

wet weight (WW) from each plant was used 

for quantitative study of epiphytic algae 

following the perception method (16). 

Haemocytometer method was used for 

counting the non diatomic algae (25) and 

micro transect method for diatoms count.  used 

determination of chlorophyll-a   Jaschinski et 

al. (23). was the extraction of chlorophyll-a 



Iraqi Journal of Agricultural Sciences –2012:49(3):452-  462                                                Hassan & et al. 

455 

done by Aceton (90%).The statistical package 

for the social sciences (SPSS) was used. 

RESULTS AND DISCUSSION  
The Iraqi climate is characterized by obviously 

wet and dry seasons, with  high temperature in 

summer and low in winter (11). This 

phenomenon is clear in this study  (Figure 2) 

the temperature values were ranged from 

12.23 
  
C in winter at site 2 to 46.26 

  
C in 

summer at site 3 for air temperature, while for 

water temperature were 10.23 
  
C to 30.35 

  
C in 

winter and summer at site 3 and 1, 

respectively. Water flow has a big role in 

recirculation of physicochemical 

characteristics of the river and impact on 

aquatic organisms in the water column (37). 

The minimum value of water flow recorded at 

site 3 (0.3m/Sec) and the maximum value was 

1.3 m/Sec at site 2. Al-Qayim (5) mentioned 

that the part B (site 2) is characterized by more 

meandering and fast water flow.  A significant 

correlation noticed between water flow, light 

penetration and pH (0.568 and -0.569, P< 

0.05). The lowest value (29.1 cm) of light 

penetration recorded in winter at site 3 and the 

high value was 77.16 cm at site 1 in the spring. 

This finding related to the low water flow in 

site 1 and it's a way of pollution, while the 

lowest value recorded at site 3 due to the 

discharge of sewage into the river and weather 

condition (22). The statistical analysis result 

showed a significant difference temporary and 

spatial except in site 3. A positive correlation 

noticed between light penetration and 

dissolved oxygen and a negative correlation 

with biochemical oxygen demand and 

turbidity (P< 0.05). Light  penetration is 

inversely correlated to turbidity (29, 37). The 

lowest value of turbidity (8.08 NUT) recorded 

in spring at site 1 and the highest value was 

43.54NUT in summer at site 3. Only a 

significant difference noticed temporary, and 

its value correlated significantly with pH, total 

al alkalinity and total hardness (r= 0.568, r= 

0.586, r= 0.659, P< 0.05, respectively) 
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Figure 2.  Seasonal variation of some physicochemical factors  in Diyala river during the we study period

The Iraqi water ecosystems are characterized 

by high capacity of buffering with narrow 

range variations of pH due to high contents of 

bicarbonate and carbonate in Iraqi water 

systems (10, 23).  The TDSwas ranged from 

654 mg/l  at site 1 in March 2016 to 1109mg/l 

at site 3 in November 2015 (Table 2, Figure). 

There are many factors affect the  TDS values 

such as The high values of turbidity in this 

study is caused by the water flow, the 

geophysical properties of the river, in addition 

to anthropogenic sources (18). TSS and TDS 

values were ranged from 0.127 mg/l and 395.5 

mg/l in spring and autumn at sites 2 and 1, 

respectively, and 395.5 mg/l  and 0.620mg/l 

and 1203.00mg/l in winter and spring at sites 1 

and 3, respectively.  A significant difference 

was recorded among sites and seasons except 

in site 3 (P< 0.05). The highest values of these 

factors are caused by anthropogenic, weather 

factors and geological features of the area (19). 

The results of EC and salinity were ranged 

from 867.33µS/cm and 0.53‰ in winter and 

autumn at site 1, respectively, and 2370µS/cm 

and 1.305‰ in summer at site 3. According to 

these results, the water river is classified as 

brackish water (33). The Iraqi water aquatic 

systems are known as the high capacity of the 

buffering system (1,  14). pH values were 7.3 

in autumn at site 1 and 8.8 in summer at site 3. 

A significant difference is noticed temporary 

and spatial for pH values, except between 

summer and spring at sites 1 and 2 (P< 0.05). 

Total alkalinity values is ranged from 54.2 mg 

/l  in autumn at site 1 and 122.33 mg/l in 

winter at site 3. The alkalinity is indicated to 

the carbonate and bicarbonate content in water 

(6) and the variation of its value was related to 

the primary productivity status and hydrology 

properties of the water system (20). Significant 

differences are noticed temporary and spatial 

except in summer and at site 3, also a 

significant correlation with pH (r= 0.754, P< 

0.05). The results showed that the dissolved 

oxygen values were recorded higher than 

4mg/l along the study period (Figure 3). The 

lower value recorded on site 3 and the highest 

values at site 1 in autumn and spring, 

respectively. Temporary significant 

differences were noticed except in autumn.  A 

significant correlation between dissolved 

oxygen and light penetration and water flow 

obtained (r= 9.09, r= 0.665, P< 0.05). BOD 

values ranged from 1.26 mg/l to 34.3 mg/l in 

winter and summer at sites 1 and 3, 

respectively. The high values of BOD 

indicated to the polluted river (36). Total 

hardness values are ranged from 295.9 to 

704.6 mg CaCO3/l in summer and winter at 

site 1 and 3, respectively. These results 

indicated that the water river ranged from hard 

to very hard (37). A temporary and spatial 

significant difference of hardness values is 

noticed except at site 2. Many factors are 

controlled the hardness values such as the soil 

erosion from the river banks causes rain and 
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irrigation of agricultural areas (35). Calcium 

concentrations ranged from 78.38mg/l to 137.8 

mg/l in summer and autumn at sites 1 and 3, 

respectively. While the lowest magnesium 

concentration was 20. 24 mg/l in autumn at 

site 1 and the highest concentration was 

79.71mg/l in spring at site 3.  There was a 

significant correlation between calcium and 

some factors such as pH, TDS, total alkalinity, 

total hardness, turbidity, electrical 

conductivity, salinity and BOD (r=0.679, r= 

0.725, r= 0.652, r= 595, r= 0.770, r= 0.711, P< 

0.05). The high values of calcium caused by 

the nature of calcareous sediment of the river 

(32).  

  

  

  

  
 

 
Figure 3. Seasonal variation of some chemical factors in Diyala river during thwe study period 
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Table 2. Seasonal  variation (means ±   standards deviation) of the studied factors in Diyala River 

1355.9±8.79b 1755.1±3b 867.33±3.8b 867.±3.3b Site 1 Electrical 

conductivity 
1333±2.8b 1715±3.6c 1449.3±5.3a 1225.6±2.1b Site 2  

2135±2.5a 2370±29.9a 1345.±5.48c 1501±2.88a Site 3 

70.84±2.49b 97.21±0.53b 102.5±0.95c 84.3±0.16b Site 1 Calcium 

90.57±0.52b 103.2±1.6c 114.3±2.82b 86.66±2.07b Site 2  

120.2±0.39a 123.93±3.2a 130.33±1.41a 137.8±1.84a Site 3 

53.19±1.03b 32.6±0.76c 32.86±0.2c 20.25±0.21c Site 1 Magnesium 

49.86±0.17c 43.4±3.6b 56.6±2.3b 39.74±2.30b Site 2  

Summer 

2017 

Spring 2017 Winter 2017 Autumn  

2016 

Seasons Factors 

46.26±0.16b 20.16±0.24b 14.2±0.15b 23.3±0.16ab Site 1  

Air Temperature 38.69±0.33a 23.61±0.22a 15.80±0.25a 21.74±0.28b Site 2  

38.8±0.52a 18.68±0.15c 12.23±0.19c 25.04±0.63a Site 3 

30.35±0.28a 19.65±20a 14±0.25a 18.6±0.2 b Site 1  

Water 

Temperature 
26.95±15a 17.56±56b 11.05±0.29b 16.9±0.20c Site 2  

25.23±1.43a 14.76±0.37c 10.23±0.24c 23.9±0.28a Site 3 

7.5±0.05b 7.6±0.07b 7.5±0.04a 7.3±0b Site 1  

 pH 7.4±0.02a 7.6±0.1b 7.7±0.07b 7.6±0.06b Site 2  

8.8±0.015a 7.9±0.03a 8.4±0.18b 8.4±0.1a Site 3 

75.3±0.22a 77.16±0.60b 67.8±0.6a 63.3±0.60a Site 1  

Light penetration 71.3±0.36b 67.8±1.16b 54±0.86b 45±0.70b Site 2  

35.0±0.08c 33.16±0.6a 29.8±0.44c 36.3±0.16c Site 3 

0.86±0.03a 1.183±0.10a 0.86±0.03b 0.9±0.5b Site 1  

Water flow 0.54±0.02b 0.61±0.03b 1.4±0.07a 1.16±1.16a Site 2  

0.37±0.01c 0.3±0.01c 0.31±0.04c 0.2±0.01c Site 3 

0.137±0.007b 0.086±0.004c 0.39±0.29a 0.15±0.005b Site 1 Total suspended 

solids 0.25±0.002a 0.17±0.00003b 0.136±v0.0007a 0.143±0.003b Site 2  

0.243±0.02a 0.14±0.0003a 0.192±0.0004a 0.62±0.001a Site 3 

715.5±0.62b 863.6±8.9c 775±8.74a 395.5±1.6c Site 1  

Total dissolved 

solids 
749.3±v1.54a 908.6±0.84b 785.6±4.04a 616.6±3.2b Site 2  

788.5±1.75a 1203±4.6a 877±3.78a 871.6±3.8a Site 3 

92.283±0.65a 82.33±1.42c 972.5b 54.26±1.42c Site 1  

Total alkalinity 63.5±0.38a 74±1.6b 105.1±2.56b 71.8±1.6b Site 2  

48.583±1.75a 70.66±0.92a 122.33±1.2a 95.±0.92a Site 3 

295.9±2.6c 368±4a 318.6±2.66c 556.6±1.59c Site 1  

Total hardness 630.1±159.1b 424±0.8b 369.3±4.8b  365.3±2.95b Site 2  

576.7±8.72a 647±6.92a 704.6±41.25b 575.13±4.42a Site 3 

13±0.21c 8.08±0.24c 9.33±0.66c 10.33±0.92b Site 1  

Turbidity 18.41±0.13b 11.3±0.34b 14±1.44b 13.83±1.3b Site 2  

43.54±1.1a 18.75±0.13a 36.6±2.77a 27.8±3.21a Site 3 

10.22±0.06a 11.1±0.08a 9.83±0.72b 8.48±0.51a Site 1  

Dissolved oxygen 8.63±0.1b 8.9±0.34b 7.7±0.3a 8.17±0.23a Site 2  

4.68±0c.11 4.5±0.12c 6.4±1.01a 4.33±0.33c Site 3 

2.43±0.06c 2.5±0.2b 1.29±0.72b 2±0.6b Site 1  

Biochemical 

demand 
2.68±0.09b 2.5±0.55b 1.3±0.72b 3.8±0.91b Site 2  

34.3±0.42a 16.5±0.86a 35±1.89a 11.83±0.66a Site 3 

0.83±0.003b 0.63±0.002b 0.97±0.01a 0.53±0.001c Site 1  

Salinity  %o 0.82±0.02b 0.57±0.02c 0.79±0.02b 0.75±0.001b Site 2  

1.40.01a 1.32±0.01a 0.91±0.06ab 0.93±0.002a Site 3 
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66.5±1.02a 79.71±2.55a 67.9±1.68a 64.1±1.68a Site 3 

0.01±0.01b 0.03±0.005a 0.03±0.005a 0.071± 1.4a Site 1 total phosphorus 

0.05±0.003a 0.02±0.005a 0.033±0.008a 0.02±0.005a Site 2  

0.08±0.00a 0.05±0.01a 0.06±0.005a 0.05±0.03a Site 3 

11.46±0.11c 7.18±0.08b 12.03±0.68c 0.06±0.032c Site 1 Total nitrogen 

14.8±0.21b 6.213±v0.08c 16.47±0.07a 14.25±0.079b Site 2  

16.2±0.16a 11.07±0.65a 14.16±0.065a 8.21±0.018b Site 3 

252.7±0.01b 299.3±0.02c 224.4±0.02b 349.8.±0.8b Site 1 Silicate 

362.3±0.09b 335.4±0.043b 226.3±0.005b 231.4±0.002c Site 2  

446.1±0.02a 397.1±0.17a 396.2±0.35a 398.2±0.08a Site 3 

8.64±0.21a 14.56±0.1a 11.71±0.3c 26.23±1.31a Site 1 Chlorophyll-a 

 P. australis 
9.03±0.03a 13.76±0.017a 13.5±0.3a 19.04±0.23b Site 2  

7.161±0.16b 14.18±0.95a 12.66±0.27b 19.93±0.40b Site 3 

16.55±0.39a 27.98±0.47a 10.5±0.34c 14.43±0.1b Site 1 Chlorophyll-a 

 C. demersum 
30.52±0.76a 25.86±0.12a 20.66±0.49a 16.43±0.26a Site 2  

34.94±3.81a 26.93±0.61a 18.78±0.08b 17.833±0.44a Site 3 

Lower total phosphorus and total nitrogen 

concentrations were 0.01 µg/l and 6.21 µg/l in 

autumn at sites 2 and 1, respectively (Figure 

3). The highest values were 0.08 µg/l during 

the summer at sites 3 and 16.46 in winter at 

site 2. Yang and Zhuang  (39) reported that the 

TP and TN are the main pollution indicators in 

a Huai river –China. The results of these 

factors in this study indicated that the river 

was classified as oligotrophic (8). The Iraqi 

surface water systems are characterized by 

high concentrations of silicate and higher than 

the algae growth need to silicate (76.08µg/l) 

This finding also noticed by other studies in 

Iraq (2; 31). The total number of epiphytic 

algae showed temporary and spatial 

differences among the study period. The 

lowest total number of epiphytic algae on 

P.australis recorded in the spring (359x10
4
 

cells/g WW) at site 1 and the highest was 

516.9x10
4
 cell/g WW at    site 3 in autumn 

(Figure4). The total number of epiphytic algae 

on C. demersum recorded less number in 

contrast with P. Australis, and its total is 

ranged from 7 x10
4
 cells/g WW in winter at 

the site 1to 138.1 x10
4
 cells/g WW in summer 

at site 2. These results referred to the ability of 

P.australis  to tolerate a different 

environmental conditions (Salman et al. 2014). 

Diatoms are the predominant algal group in 

this study, which corresponds to other studies 

(2, 4). Chlorophyll a concentration of 

epiphytic algae on P.australis  ranged from 

7.16 µg/cm
2
 to 26.23 µg/cm

2 
in summer and 

autumn at sites 3 and 1, respectively. While on 

C. demersum the minimum concentration was 

10.5 µg/cm
2 

in winter at site 1and the 

maximum was 34.94 µg/cm
2
 in summer at site 

3 (Figure 4). These results indicated that the 

algal composition was different on the host 

plants and it is not compatible with the results 

of the total number of epiphytic algae except 

in the summer (32).  Chlorophyll a peaked in 

autumn for P. australis at all sites, while on C. 

demersum obtained in summer at sites 3and 2, 

whereas the peak at site 1 attained in spring. 

This may be due to algal 

composition,geomorphological characteristics 

of the selected sites and impact of pollution, 

site 1 is away from the city impact, while the 

other sites undergo the pollution impact. The 

trophic level of the river was mesotrophic 

according to the chlorophyll-a concentration 

(8). The water of Diyala rivere was alkaline, 

brackish,and hard water, and good aeration. 

Different water flows were recorded due to the 

geomorphology of the river which impacts on 

other environmental factors. The trophic level 

of the river ranged from oligotrophic to 

mesotrophic. 
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Figure 4.  Seasonal variation in total number of epiphytic algae and chlorophyll a. in Diyala 

river during the study period 

 

Table 2. The correlation between the environmental factors in Diyala River during the study 

period 

 
Significant (P<0.05) ,     **Non-Signinfificant (P<0.05) 
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