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ABSTRACT 

The present study deals with the assessment of 
physico-chemical characteristics of Dokan, Der- 
bendikhan and Duhok lakes. The physico-che- 
mical characteristics of these lakes have been 
studied and analyzed for a year, during January- 
April-July and October 2009. Seasonal varia- 
tions of two sampling sites of the lakes have 
been observed. Various parameters including air 
temperature, water temperature, electrical con- 
ductivity, TDS, pH, total alkalinity, total hardness, 
dissolved oxygen, calcium, magnesium, sodium, 
potassium, sulfate, chloride, nitrite and phos- 
phate have been analyzed. The study has re- 
vealed that there are significant seasonal varia- 
tions in some physico-chemical parameters and 
as a whole most of the parameters are different 
in the three lakes. 
 
Keywords: Limnological Study; Dokan;  
Derbendikhan; Duhok; Lake 

1. INTRODUCTION 

Water is an indispensable natural resource on earth. 
The existence of life including human beings depends on 
it. It is an enormous resource on the earth amounting to 
about 13, 481, 96,000 Km3. Due to its unique properties, 
water is also of multiple uses for living organisms [1]. 
Human beings depend on water for almost every devel- 
opmental activity. It is used for drinking, irrigation, 
washing, and Industrial purposes. Although water is very 
abundant on this earth, yet it is very precious. Out of the 
total water reserves of the world, about 97% is salty wa- 
ter and only 3% is fresh water. Even this small fraction 
of fresh water is not available to us as most of it is locked 
up in polar ice caps and just 1% is readily available to us 
in the form of ground water and surface water [2]. The 
surface water is one of the most important resources for 
human survival. Unfortunately, many countries and re- 
gions face problems of water pollution and degradation. 

Anthropogenic influences and natural processes can de- 
grade surface waters and impair their use for drinking, 
agriculture, recreation and other purposes [3,4]. Here 
comes the importance of reservoirs which are man-made 
lakes constructed by impounding rivers. This impound- 
ment is mainly used for irrigation, hydroelectric power 
generation, water supply, navigational and flood control 
purposes [5]. However, the ecology of reservoirs is radi- 
cally different from that of the rivers because of the fact 
that dams alter river hydrology both up and down. The 
obstruction of the river flow with the consequent inunda- 
tion triggers off a sudden transformation of lotic envi- 
ronment into a lacustrine one. The physico-chemical pa- 
rameters are very important in the study of any environ- 
ment, especially aquatic environment. Besides, limnol- 
ogy plays an important role in decision making processes 
for problems like dam construction, pollution control, 
fish and aquaculture practices [6]. It deals with the phy- 
sical, chemical and biological characteristics in relation 
to all other hydrological properties. Any characteristic of 
water that affects the survival, reproduction, growth and 
production of aquaculture species, influences manage- 
ment decisions, causes environmental impacts or reduces 
product quality and safety can be considered a water 
quality variable [7]. Limnology and water quality pro- 
vide current information about the concentration of 
various solutes at a given place and time. Water quality 
parameters in specific provide the basis for judging the 
suitability of water for its designated uses and to improve 
existing conditions. For the sake of optimum develop- 
ment and management for the beneficial uses, current 
information is needed which is provided by water quality 
programmes [8]. Unequal distribution of water on the 
surface of the earth and fast declining availability of 
useable fresh water are the major concerns in terms of 
water quantity and quality [8]. The availability of water 
in Iraq shows a steady relation with spatial and temporal 
variability. The increase in population and expansion of 
economic activities undoubtedly leads to increasing de- 
mand of water use for various purposes. On the other 
hand, water resources in Iraq, especially in the last two 
decades, have suffered from remarkable stress in terms 
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of water quantity due to different reasons such as the 
dams built on Tigris and Euphrates in the riparian coun- 
tries, the global climatic changes, the local severe de- 
crease of the annual precipitation rates and the improper 
planning of water uses inside Iraq [9,10]. In addition to 
that, water quality is certainly affected by the quantity 
and quality of supplies coming from different sources. 
Therefore, overall national planning and resource man- 
agement in respect of water with emphasis on allocation 
of priorities among the different uses is necessary. It is 
not surprising that, due to the above factors, studying 
water quality is so much important to be carried out in 
order to keep our awareness and understanding of our 
environment. The present study is designed to monitor 
seasonal variation in water quality parameter in order to 
investigate the limiting factors, which could adversely 
affect the plants and animals, including fish production 
in these important lakes, and compare the variations 
among these lakes understudied with respect to physical 
and chemical characteristics. 

2. MATERIAL AND METHODS 

The water samples were collected for physico-che- 
mical analysis from two sites at regular intervals of one 
year seasonally from January-April-July and October 
2009. The air temperature, water temperature, dissolved 
oxygen; electrical conductivity and pH were estimated 
on the spot at the time of sampling while other parame- 
ters were estimated in the laboratory. Standard methods 
as prescribed by [11] were followed for examination of 
various physical and chemical parameters of water. 

3. DESCRIPTION OF THE STUDY SITES 

Two sites have been studied in Dokan lake considered 
the largest lake in the Iraqi Kurdistan region, and which 
lies in the northwestern part of Sulaimamiyah, about 76 
km from the city center [12]. To study the physical and 
chemical variables, one site was selected from the right 
side of the lake, while the second site was selected from 
the left side. Both the physical and chemical factors 
showed seasonal variations over a period of 4 seasons 
(10-1-2009, 10-4-2009, 10-7-2009 and 10-10-2009) re- 
spectively (Figure 1). The lake has a full-pool operating 
altitude of 515 m above mean sea level and its bounda- 
ries extend between latitude of 34˚17'N - 36˚33'N and a 
longitude of 43˚17'E - 46˚24'E. It was constructed in 
(1954-1959) by the construction of Damez-Bullot Dam 
(a French company) on the lesser Zab River near Dokan 
gorge to prevent flooding, irrigation, electric generation, 
fishery and recreation [12]. The major outlet establishes 
the Lesser Zab River with its Mahor tributaries (Karfin 
and Shahrawan) and other waters in addition to rainfall 
and snow fall/snow melt water [13]. The volume of the 

lake is 6.8 billion cubic meters with a surface area of 
about 270 km2 and 48 km2 at high and low level period, 
respectively. The drainage area is covering about 11,690 
km2 of which 1080 km2 are located within Qala-Diza and 
Raniya plains [14]. The geology of the area consists of 
marl, calcareous and limestone [15]. The collection deci- 
sion of [15] and [16] regarding the climate of the studied 
area is a dry-summer approach of Irano-Turanian type 
characterized by the occurrences of three seasons: a cold 
winter, mild growing period of spring and hot-dry sum- 
mer. 

Two sites have also been studied in Derbendikhan lake 
which lies on the southeast of Sulaimamiyah, to study 
the physical and chemical variables. One was selected 
from the right side of the lake, while the second site was 
selected from it’s the left side. Both the physical and 
chemical variables were carried out seasonally over a 
period of 4 seasons (15-1-2009, 15-4-2009, 15-7-2009 
and 15-10-2009) respectively (Figure 2). The lake has a 
full-pool operating altitude of about 485 m above sea 
level [17]. The area of this lake is about 114.30 K2 with 
the maximum depth of 75 m [16].The estimated volume 
of the Derbendikhan lake ranges from 1.3 - 1.4 km3 [17]. 
Its boundaries extend from (latitude 35˚6'N - 35˚N and 
longitudinal 45˚41'E - 20˚E). Thus, it is considered the 
second largest lake in the Iraqi Kurdistan region. Conse-
quently Derbendikhan can be classified as a limnetic water 
body which is warm and monomictic and with only one  
 

 

Figure 1. A—Map of Northern Iraq show Dokan Lake; B— 
Map of Dokan Lake shows the location of studied area. 
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Figure 2. A—Map of Northern Iraq show Darbendikhan Lake; 
B—Map of Darbendikhan Lake shows the location of studied area. 
 
circulation period in winter and water temperature never 
falls below 4˚C [18]. The geology of the area consists of 
sedimentary rocks of marine origin [17]. The collection 
decision of [19] regarding the climate of the studied area 
is a dry-summer approach of Irano-Turanian type char- 
acterized by the occurrences of three seasons: a cold win- 
ter, mild growing period of spring and hot-dry summer. 

Furthermore, two other sites have been studied in Du- 
hok lake which lies in the north part of Duhok, about 2 
Km from the city center, of altitude 36˚50'49'' and longi- 
tudinal 43˚00'33''. To study the physical and chemical 
variables, one was selected from the right side of the lake, 
while the second site was selected from its left side. The 
study of the physical and chemical factors were carried 
out seasonally over a period of 4 seasons (20-1-2009, 20- 
4-2009, 20-7-2009 and 20-10-2009) respectively (Figure 
3). Duhok dam was established in 1987 on Duhok river. 
Impounding a surface area of around 256 hectares has 
made it the third largest lake in southern Kurdistan of 
Iraq after Dokan and Derbendikhan lakes with surface 
areas of 27,000 and 1200 hectares respectively. It is an 
artificial lake and its water mainly comes from rain, 
snowmelt and the main tributaries of Sunder and Gur- 
mava which on their joining make up Duhok river. The 
geology of the area consists of clay marl, dolomite, poly 
clay limestone and sandstone [20]. The climate of the 
studied area is a dry-summer approach of Irano-Turanian 
type characterized by the occurrences of three seasons: a 
cold winter, mild growing period of spring and hot-dry 
summer [16,19]. 

 

Figure 3. A—Map of Northern Iraq show Duhok Lake; B— 
Map of Duhok Lake shows the location of studied area. 

4. RESULTS AND DISCUSSIONS 

Variations of physico-chemical characteristics of Dokan, 
Derbandikhan and Duhok lakes during winter, spring, 
summer and autumn 2009 are shown in Tables 1-4).  

Air temperature in the present study was recorded a 
maximum value in July of (35˚C) in Derbendikhan lake 
while a minimum value measured in January of (8˚C) in 
Duhok Lake. Photoperiod is shorter in winter than sum- 
mer; it is directly related to temperature [21]. Both pho- 
toperiod and temperature are maximum in July. 

The water temperature and air temperature are found 
to go more or less hand in hand [21]. The surface water 
temperature of the studied area is found to vary from 6˚C 
in Duhok Lake to 31˚C in Derbendikhan Lake. On the 
other hand, summer temperature (July) is always above 
winter temperature (January). The decrease or increase in 
water temperature of the lakes depends mainly on the 
climatic conditions, sampling times, the number of sun- 
shine hours and is also affected by specific characteris- 
tics of water environment such as turbidity, wind force, 
plant cover and humidity [22]. Similar conclusions are 
made by [13,23,24]. 

As far as the pH is concerned, it varies from 7.2 in 
Dokan Lake to 8.4 in Derbendikhan Lake, indicating that 
the water samples are almost alkaline in nature. The pH 
is an important factor that determines the suitability of wa- 
ter for various purposes [25]. The observed values show 
a relative agreement with pH values of surface water 
which lie within the range of 6.5 to 8.5 [26]. However, the 
values come also in accordance with the known values 
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Table 1. Physico-chemical variables that are recorded in Dokan 
Lake during the study period. 

Sites Site 1 Site 2 

Variable sample date 
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Air temp. °C 9 22 32 25 10 21 33 24

Water temp. °C 8 18 28 22 9 18 29 22

pH 7.2 7.6 7.7 8.1 7.3 7.5 8.0 7.8

EC µs/cm 205 250 385 400 240 265 390 410

TDS mg/L 132 152 250 235 155 167 247 250

Alkalinity mg CaCO3/L 175 180 250 220 180 190 240 230

Hardness mg CaCO3/L 150 145 185 180 165 158 195 190

Dissolved Oxygen mg/L 9.5 6.5 5.0 6.5 9.0 6.3 5.0 6.2

Ca+2 Mg/L 40 30 47 45 42 33 57 50

Mg+2 mg/L 15 12 20 16 16 13 21 18

Na+ mg/L 3.8 3.5 5.6 5.0 4.0 4.2 7.5 7.0

K+1 mg/L 1.1 1.0 2.0 1.9 1.3 1.2 2.1 2.0

(SO4)
−2 mg/L 152 142 192 175 158 152 197 180

Chloride mg/L 18 17 25 20 20 19 27 23

N-NO2 µg/L 0.8 0.3 0.45 0.52 0.52 0.45 0.75 0.58

P-PO4 µg/L 4.1 3.8 3.0 4.2 4.2 4.1 4.0 4.3

 
Table 2. Physico-chemical variables that are recorded in Der-
bendikhan Lake during the study period. 

Sites Site 1 Site 2 

Variable sample date 
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Air temp. °C 13 21 34 25 12 21 35 24

Water temp. °C 11 18 30 22 10 19 31 21

pH 7.5 7.7 7.8 8.3 7.4 7.7 8.4 7.9

EC µs/cm 400 420 460 480 382 418 470 448

TDS mg/L 225 253 292 302 241 261 283 300

Alkalinity mg CaCO3/L 180 190 220 240 173 191 260 208

Hardness mg CaCO3/L 225 230 280 270 212 225 292 260

Dissolved Oxygen mg/L 8.9 7.0 5.6 7.8 9.4 7.3 6.2 8.3

Ca+2 Mg/L 60 54 74 62 55 48 65 60

Mg+2 mg/L 19 18 23 21 18 19 21 20

Na+ mg/L 9.3 9.7 11.2 9.8 8.8 9.2 10.6 8.4

K+1 mg/L 1.8 3.0 4.9 2.0 1.5 3.3 4.5 1.8

(SO4)
−2 mg/L 124 156 145 150 130 156 138 145

Chloride mg/L 29 35 48 45 30 36 45 42

N-NO2 µg /L 0.55 0.60 0.38 0.45 0.45 0.55 0.29 0.48

P-PO4 µg /L 24.0 19.5 20.1 23.0 21.0 17.3 19.8 21.7

Table 3. Physico-chemical variables that are recorded in Duhok 
Lake during the study period. 

Sites Site 1 Site 2 

Variable sample date
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Air temp. °C 9 17 27 20 8 16 28 18

Water temp. °C 7 14 22 18 6 14 26 17

pH 7.5 7.8 8.1 7.6 7.6 7.8 8.1 7.7

EC µs/cm 1055 1110 1410 1338 1025 1120 1420 1352

TDS mg/L 636 718 846 838 652 723 860 845

Alkalinity mg CaCO3/L 208 215 225 218 200 212 230 220

Hardness mg CaCO3/L 380 392 412 405 385 390 420 415

Dissolved Oxygen mg/L 8.3 8.0 7.7 8.2 8.5 8.4 7.9 8.4

Ca+2 Mg/L 88 86 102 95 86 85 104 96

Mg+2 mg/L 34 32 37 34 35 31 38 37

Na+ mg/L 16 17 19 17 17 18 20 18

K+1 mg/L 4.2 4.6 5.0 4.9 4.0 4.8 5.0 4.8

(SO4)
−2 mg/L 406 405 418 435 400 405 420 438

Chloride mg/L 63 60 68 66 54 50 72 65

N-NO2 µg /L 0.30 0.32 0.31 0.26 0.32 0.30 0.20 0.26

P-PO4 µg /L 15.1 14.8 14.0 14.6 15.3 14.3 13.7 14.2

 
Table 4. Mean values recorded in Dokan & Derbendikhan & 
Duhok Lake during the study period. 

Lakes Dokan Derbendikhan Duhok 

Sites 1 2 1 2 1 2 

Variable sample date M
ea n 

M
ea n 

M
ea n 

M
ea n 

M
ea n 

M
ea n 

Air temp. °C 22 21.3 23.3 23 18.3 17.5

Water temp. °C 19 19.5 20.3 20.3 15.3 15.8

pH 7.7 7.6 7.8 7.9 7.8 7.8

EC µs/cm 310 326.3 440 430 1229 1235

TDS mg/L 192.3 204.8 268 271.3 780 770

Alkalinity mg CaCO3/L 206 210 208 208 224 215

Hardness mg CaCO3/L 165 177 251 247.3 401 408

Dissolved Oxygen mg/L 6.6 6.4 7.4 7.8 8.4 8.2

Ca+2 Mg/L 40.5 45.5 62.5 57 94 94.8

Mg+2 mg/L 15.8 17 20.3 20 34 35.3

Na+ mg/L 4.5 5.7 10 9.3 17.5 18.3

K+1 mg/L 1.5 1.7 2.9 2.8 4.7 4.5

(SO4)
 −2 mg/L 165 171.8 143.8 142.3 410 419.5

Chloride mg/L 20 22.3 39.3 38.3 64 60.3

N-NO2 µg /L 0.52 0.58 0.49 0.45 0.29 0.29

P-PO4 µg /L 3.8 4.15 21.7 20 14.6 14.4

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 



J. J. Toma / Open Journal of Ecology 3 (2013) 23-29 27

of Iraqi inland waters [15]. Similar conclusions are made 
by [13,23,24].  

EC values in this survey range between (205 - 1420 μS/ 
cm) in Dokan and Duhok reservoirs respectively which 
are slightly higher than the permissible level recom- 
mended by the WHO for drinking water [26]. Several 
factors influence the conductivity including temperature, 
ionic mobility and ionic valences. In turn, conductivity 
provides a rapid mean of obtaining approximate knowl- 
edge of total dissolved solids concentration and salinity 
of water sample [21]. Similar conclusions are made by 
[13,23,24].  

Moreover, the total dissolved solids values are found 
in the same trend of the EC. However; the higher value 
of TDS recorded during summer is 860 mg/L whereas 
the lower value is 132 mg/L in Duhok and Dokan Lake 
respectively. These variations may be due to the size of 
the water body, inflow of water, consumption of salt by 
algae and other aquatic plants, dilution and the rate of 
evaporation [26]. Similar conclusions are made by [13,23, 
24]. 

In this study, Derbendikhan lake shows a minimum 
alkalinity value of 173 mg CaCO3/L while Dokan lake 
shows a maximum alkalinity value of 250 mg CaCO3/L. 
[27] reports that pollution by sewage and its decomposi- 
tion seems to be a possible cause of the higher value of 
alkalinity in the water. This variation among lakes due to 
the increase in bicarbonate concentrations during hot sea- 
sons may be attributed to the fact that the increase in 
temperature accelerates the organic matter accessible to 
bacterial decomposition, where the HCO−3 is the final 
product of this decomposition [28]. Fluctuations in total 
alkalinity and total hardness are similar but the amount 
of the total hardness is significantly greater than that of 
the total alkalinity. Similar conclusions are also made by 
[13,23,24]. 

During the period of study, the total hardness of Dokan, 
Derbendikhan and Duhok lakes has varied from 145 to 
420 mg CaCO3/L in Duhok and Dokan Lake respectively. 
The results obtained by water surveys, conducted in this 
investigation, have showed that total hardness values are 
often higher than the minimal permissible level recom- 
mended by the WHO for drinking water [26]. The hard- 
ness and alkalinity of the lake are affected by the type of 
minerals in the soil and watershed bedrock, and also by 
the amount of lake water coming into contact with these 
minerals. If a lake gets groundwater from aquifers con- 
taining limestone minerals such as calcite (CaCO3) and 
dolomite (CaMgCO3), hardness and alkalinity will be 
high [28].  

Dissolved oxygen is found to be a maximum of 9.5 
mg/L in Dokan Lake and a minimum of 5.0 mg/L re- 
corded in Dokan Lake too. Its concentrations are above 5 
mg/L, which is adequate enough to support aquatic life. 

The increase in dissolved oxygen levels might be the re- 
sult of runoffs accounted for by winter rains [29]. The 
dissolved oxygen shows maximum values in winter. This 
may be due to temperature variations. Dissolved oxygen 
thus shows inverse relationship with water temperature 
[30].  

Calcium is one of the most abundant ions of the natu- 
ral waters. The highest recorded value is 104 mg/l at lo- 
cality 2 during summer in Duhok Lake and the lowest is 
30.0 mg/l in locality 1 during spring in Dokan Lake.  

Magnesium concentration in water always remains 
lower than that of calcium content. The highest recorded 
value is 38.8 mg/l in site 2 during summer in Duhok 
Lake while the lowest is 12.0 mg/l in site 1 during spring 
in Dokan Lake. The variation in calcium and magnesium 
concentrations may be related to the geology of the area, 
climate and seasonal variations, different biogeochemical 
activities in the water ecosystem, human activities, water 
uses and due to the addition of surface run-off from ag- 
ricultural and other catchment area [31]. Similar conclu- 
sions are made by [13,23,24]. 

Water samples show that the concentration of sodium 
ion range from the minimum value of 3.5 mg/L measured 
in Dokan Lake and the maximum value of 20.0 mg/L 
measured in Duhok.  

Regarding the present investigation, water samples 
from studied sites show concentration of potassium 
which ranges from 1.0 mg/L recorded in Dokan Lake to 
5.0 mg/L in Duhok Lake, while the maximum value of 
potassium in Derbendikhan Lake is 4.9 mg/L. These varia- 
tions of sodium and potassium among these Lakes may 
be due to the Seasonal changes, climate, biological activ- 
ity, geology of the area in addition to the anthropogenic 
inputs to the water body [32]. The obtained results agree 
with the results of [13,23,24], all the studied water sam- 
ples reveal lower concentration of potassium than so- 
dium. Both sodium and potassium show similarity in the 
timing of increase and decrease, this comes in accor- 
dance with the observations of [13,23,24].  

Concerning the Sulfate contents of lake water, they in- 
dicate variations within 124 - 438 mg/L. Sulfate concen- 
trations show great differences through the seasons and 
indicate high values in autumn. This may be because of 
the little dilution in a dry season and these variations 
among these lakes may be due to the fact that the sulfate 
in lake water is primarily related to the types of minerals 
found in the watershed and acid rain. Industries and utili- 
ties that burn coal release sulphur compounds into the 
atmosphere that are in turn carried into lakes by rainfall 
[28].  

Chloride fluctuates between 72 mg/L and 17 mg/L. 
Seasonally, chloride is found high in summer and low 
during winter. Higher chloride values are recorded in this 
study during summer with no definite pattern of fluctua- 
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tions. The chloride concentration of lake water depends 
upon the degree of pollution resulting from the waste 
materials poured into the lakes. The presence of chloride 
(Cl−), where it does not occur naturally, indicates possi- 
ble water pollution [33]. Similar observation is detected 
by [13, 23,24].  

Concentration of nitrite fluctuates between 0.20 - 0.80 
µg N-NO2/L in Duhok and Dokan Lake respectively. 
These variations in the study area are mainly due to the 
atmosphere, surface runoff, sewage discharges, agricul- 
tural fertilizers and organic wastes [34]. The highest re- 
corded values may be due to the increased phytoplankton 
excretion, oxidation of ammonia and the reduction of 
nitrate and also by the recycling of nitrogen and bacterial 
decomposition of planktonic detritus which are present in 
the environment [35]. Further, the denitrification and air- 
sea interaction exchange of chemicals are also responsi- 
ble for these increased values [36]. On the other hand, 
the low value recoded during summer season may be due 
to less freshwater inflow and high salinity [37].  

Higher concentration of inorganic phosphates (24µg 
P-PO4/L) observed during winter season in Derbendik- 
han Lake can also be related to the weathering of rocks 
soluble alkali metal phosphates. The addition of super 
phosphates applied in the agricultural fields as fertilizers 
and alkyl phosphates used in households as detergents 
can be regarded as additional sources of inorganic phos- 
phates during the season. The low phosphates value (3 
µg P-PO4/L) recorded during summer in Dokan Lake 
could be attributed to the limited flow of freshwater, high 
salinity and utilization of phosphate by phytoplankton 
[38,39]. These variations may be due to the various 
processes like adsorption and desorption of phosphates 
and buffering action of sediment under different envi- 
ronmental conditions [39].  

During the last decade, Dokan, Derbendikhan and 
Duhok Lakes have been subject to rapid decline in water 
characteristics status which is possibly due to the in- 
crease in the population and human activities. 

5. CONCLUSIONS 

From the above discussion one can conclude the fol- 
lowing observations: 

1) The highest degrees of Air and water temperatures 
are recorded in Derbendikhan Lake, while the lowest 
degrees are recorded in Duhok Lake; 

2) The Maximum value of total dissolved solids is cal- 
culated in Duhok Lake, while the minimum value is cal- 
culated in Dokan Lake; 

3) The pH in the studied area is always on alkaline 
side of neutrality; 

4) According to hardness, Duhok and Derbendikhan 
Lakes are considered very hard water, while Dokan Lake 
is considered hard water;  

5) The minimum value of dissolved oxygen in the 
study area is never less than 5 mg/L which is recorded in 
Dokan Lake; 

6) With regard to nutrient enrichment status, Dokan, 
Derbendikhan and Duhok Lakes can be considered Mes- 
otrophic Lakes. 
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