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Abstract: The objective of this work was to study the chemical, physical and microbiological properties of
Dumat Lake in Al-Jouf region, Saudi Arabia. Limnological parameters were evaluated in February 2009 from
different lake sites and from northern reservoir (Main source of water to the lake). The temperature and pH
values of the lake sites and northern reservoir were measured and ranged between 20.9-22.1°C and 18.8°C and
8.25-8.7 and 7.25, respectively. With respect to temperature and pH-values, all nitrogen forms were all below
the standard. The measured hardness values (8390-2105 mg as CaCO L ) indicated that the lake sites water was3

1

described as very hard but (166 mg as CaCO L ) indicated that the northern reservoir was very soft. The3
1

surface water quality of Dumat Lake could be classified as class 1. The data obtained from lake sites and
northern reservoir could be used as a baseline and reference points when assessing further changes caused
by nature or man in the lake.

Keywords:Dumat lake  Chemical parameters  Physical parameters  Microbiological properties  Saudi
Arabia

INTRODUCTION The primary purpose of this analysis was to educate

Dumah Lake, Saudi Arabia, (29°48' N, 39°54' E) is a effective way of managing their community with the
hypersaline lake. The lake is located about 5 km away interest of the lake in mind while simultaneously bringing
western village Dumat Al-Jundal in Jouf region. The lake previously unknown information about the lake to the
is the only artificial lake in the northern part of the local and scientific communities.
kingdom. It is the largest lake in the Arabian Gulf and fed
from the surplus of agricultural irrigation water through MATERIALS AND METHODS
northern and southern reservoirs in Dumat Al-Jundal,
which is one of the richest regions of the kingdom with Study Site: Dumat Lake is the largest natural lake in the
water. The storage capacity of the lake is about 11 million Arabian Gulf. Currently its watershed encompasses
cubic meters of  water  and  annually  evaporates  the approximately 1.1 million m  and lake level is 1928 feet
same amount of nutrition. The proportion of salt is very which is about 585 m above the sea level. Its surface area
high [1, 2]. is about 8 km with various depths. The lake fed from the

The lake is an ideal place for environmental and surplus of  agricultural  irrigation  water  through  two
biological studies because of its biodiversity and main reservoirs (the northern and southern reservoirs).
beautiful area. Its surface area is estimated of about one From northern reservoir, the water pumps through large
million one hundred thousand square meters with about pipes directly to the lake (Figure1).
8 kilometers varying depth. There is a high incidence of
algae and aquatic plants [2]. The lake is located between Water Samples: Two water samples from each sites were
the hills of irregular shape where there are some plants for taken from the lake and northern reservoir on February
over 20 years old, need to be identified. In addition, there 2009. The samples were taken from surface of 5 different
are many local birds' species and frequented by migratory locations in the lake (First site: Middle South site; Second
birds, some also believe of the presence of fish and site: East site; Third site: West North site; Fourth site:
aquatic organisms [1, 2]. West  South  Site;  and  Fifth site: Central Lake) and from

and advise the Dumat Al-Jundal community on the most

2
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Fig. 1: Natural picture obtained for the investigated lake and the northern reservoir

northern reservoir which is the main source of water to the RESULTS AND DISCUSSION 
lake. They were contained in one liter, Nalgen bottles for
a few hours until filtered with a 0.45 µm membrane filter Water is known to contain a large number of
with a vacuum filter apparatus and refrigerated for further chemical elements [6]. Physical parameters such as
studies. Water temperature, pH and electric conductivity temperature, turbidity and current are also known to
were measured in situ using a thermometer (accurate to operate in the lake ecosystem [7].  The  interaction of
nearest 0.1°C), pH-meter (model HANNA, Canada) and both  physical  and  chemical  properties  of  water plays
electric conductivity meter (model Bischof L17, Germany) a significant role in the composition, distribution and
respectively. Total alkalinity, total hardness, calcium, abundance of  aquatic  organisms.  Apart  from  this, it
magnesium and sulfate were estimated following APHA also  gives  an  insight  into  the   relationship  between
[3]. Nitrite, nitrate, ammonia and phosphate were the  organism  and  their  environment  and  can be used
estimated following [4]. Heterotrophic plate count, total in  determining  water  quality  and  productivity of the
coliforms, thermotolerant coliforms, Escherichia coli were lake [1, 7].
determined according to standard bacterial procedures [5].
Most chemical, physical and microbiological parameters Physical Parameters: The results of the physical
reviewed in this study are within Saudi and International parameters of the investigated lake and northern reservoir
water quality standards. are presented in Table 1.
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Table 1: Physical parameters of lake sites and northern reservoir

Relative results

----------------------------------------------------------------------------------------------------------------------------------------

Parameters Units Std L1 L2 L3 L4 L5 NR

Emperature °C 25 20.9 21.3 22.1 21.9 22 18.8

pH - 8.23 8.28 8.3 8.25 8.32 8.3 7.52

Electrical conductivity µScm-1 2300 48760 48390 48620 48970 48780 397

Turbidity NTU 5 1.54 2.6 3.1 1.8 2.14 2.79

Color PtCo 15 1 3 3 7 3 71

Odor - Odorless +ve +ve +ve +ve +ve +ve

Where, Std: Standard; 1: Middle South lake; 2: East lake; 3: West North Lake; 4: West South Lake; 5: Central lake; NR: North reservoir.

Table 2: Nitrogen forms in water of lake sites and northern reservoir

Relative results

---------------------------------------------------------------------------------------------------------------------------------------

Parameters Units Std L1 L2 L3 L4 L5 NR

Ammonia (NH ) µgmL 0.5 0.00 0.06 0.01 0.01 0.10 0.003
1

Nitrate (NO ) µgmL 50 0.8 1.3 1.6 1.4 0.8 0.13
- 1

Nitrite (NO ) µgmL 3 0.019 0.020 0.021 0.018 0.018 0.0052
- 1

Table 3: Ions in water of lake sites and northern reservoir

Relative results

---------------------------------------------------------------------------------------------------------------------------------------

Parameters Units Std L1 L2 L3 L4 L5 NR

Calcium (Ca ) mgL 200 3905 4120 1320 8430 1805 177+2 1

Magnesium (Mg ) mgL 30-15 405 1220 785 ND 305 291+2 1

Sulphate (SO ) mgL 250 1840 1922 1767 1953 1767 394- 1

Silica (SiO ) µgmL - 4.6 8.2 7.3 7.3 6.3 11.84- 1

Phosphate (PO ) µgmL - 0.57 0.67 0.54 0.63 0.64 0.294- 1

ND: not determined.

Table 4: Heavy metals in water of lake sites and northern reservoir

Relative results

---------------------------------------------------------------------------------------------------------------------------------------

Parameters Units Std L1 L2 L3 L4 L5 NR

Manganese (Mn) µgmL 30-150 0.005 0.003 0.01 0.002 0.02 0.0051

Iron (Fe) µgmL 0.3 0.03 0.04 0.05 0.04 0.1 0.261

Chromium (Cr) µgmL 250 11950 12960 13250 11700 14600 311

Cyanide (Cn) µgmL 0.005 0.384 0.237 0.138 0.105 0.123 0.0041

Aluminum (Al) µgmL 0.02 0.009 0.014 0.039 0 0.011 0.0141

Table 5: Other chemical parameters of lake sites and northern reservoir

Relative results

-----------------------------------------------------------------------------------------------------------------------------------

Parameters Units Std L1 L2 L3 L4 L5 NR

Total dissolved solids mgL 100-1000 52650 52790 52810 52930 52620 2681

Total hardness mg as CaCo L 500 4310 5340 2105 8390 2110 1663
1

Total alkalinity mg as CaCo L 200 295 315 305 320 340 103
1
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Table 6: Microbiological parameters of lake sites and northern reservoir
Relative results
--------------------------------------------------------------------------------------------------

Parameters Units Standard L1 L 2 L3 L4 L5 NR
Heterotrophic plate count Cfuml Up to 300 <1 <1 450 320 215 45001

Total coliforms MPN/100 ml Up to 3 2 33 7 7 1 >2400
Thermotolerant coliform MPN/100 ml Nil Nil Nil Nil Nil Nil >1609
Escherichia coli Nil Nil Nil Nil Nil Nil Nil
Streptococcus faecalis Nil Nil Nil Nil Nil Nil Nil
Salmonella species Nil Nil Nil Nil Nil Nil Nil
Enterococcus faecalis Nil Nil Nil Nil Nil Nil Nil
Pseudomonas aeruginosa Nil Nil Nil Nil Nil Nil Nil
Staphylococcus aureus Nil Nil Nil Nil Nil Nil Nil
Campylobacter species Nil Nil Nil Nil Nil Nil Nil
Shigella species Nil Nil Nil Nil Nil Nil Nil
Clostridium perfringence Nil Nil Nil Nil Nil Nil Nil
Vibrio cholera Nil Nil Nil Nil Nil Nil Nil
Yersinia enterocolitica Nil Nil Nil Nil Nil Nil Nil
Entamoeba histolytica Nil Nil Nil Nil Nil Nil Nil
Giardia lamblia Nil Nil Nil Nil Nil Nil Nil
Cryptosporidium Nil Nil Nil Nil Nil Nil Nil
Blue green algae Nil Nil Nil Nil Nil Nil Nil

Temperature and pH of Water: The temperature in the The international and Saudi standards for turbidity is 5.0
lake sites ranged from 20.9 to 22.1°C, whereas in the Nephlometric Turbidity Units (NTU) [3, 10-12]. Turbidity
northern reservoir was 18.8°C. According to Lawson [8], in the lake sites and northern reservoir showed a
these values were within the acceptable levels for significant improvement, the mean value was 1.54-3.1 and
survival, metabolism and physiology of aquatic 2.79 NTU, respectively (Table 1). Similar result was
organisms. The most suitable water temperature for plant obtained by El-Bassat et al. [1]. They recorded that the
growth is 20-35°C [8]. El-Bassat et al. [1] mentioned that minimum value of NTU for the west south of Dumat Lake
during the summer the temperature of water in the Dumat was 2.5 NTU. They suggested the low value of turbidity
Lake is 44.5°C. This temperature may cause regression in can be attributed to Cladocera which recorded high crop
growth and decay in plants, as many investigators during the winter season.
suggested [1, 8, 9].

A value of pH in the lake sites ranged from 8.25 to Electrical Conductivity: The electrical conductivity
8.32 and in northern reservoir was 7.52, which are within values showed that the ground water of the area is
the international and Saudi standards range of 7.0-9.5 [3, medium to highly saline. The high salt concentration of
10- 12]. The Dumat Lake water classified undergoing water shows that significant dissolution and/or
highly alkaline water. On the other hand, pH-value in the precipitation reactions are taking place in the lake
northern reservoir was 7.52. This result agrees with that depending upon the solubility constants of different
found by El-Bassat et al. [1] and Jarar and Al-Rowaily [2]. minerals present in the lake [15].
They recorded that lake water was highly  alkaline  and The electric conductivity values of the lake sites was
pH was reasonably constant to 8.8. ranged from 48970 to 48390 µScm , which is well above

Turbidity: Turbidity is a principle physical characteristic [3, 10-12]. But the northern reservoir is well below the
of water and is an expression of the optical property that standard which was 397 µScm  (Table 1).
causes light to be scattered and absorbed by the particles The increase in EC values in the lake sites may be
and molecules rather than transmitted in straight lines related to the increase in total dissolved solids and water
through a water sample. It is caused by suspended matter temperature [16, 17]. The decrease in the EC value of the
or impurities including clay, silt, finely divided inorganic northern reservoir may be attributed to the dilution by
and organic matter, soluble colored organic compounds large amount of agricultural water discharged from the
and  plankton  and  other  microscopic organisms [14]. wells, situated at this reservoir.

1

2300 µScm  set by International  and  Saudi  standards1

1
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Color and Odor of Water: The color values of study sites reservoir was very low 85 mgL  and 39 mgL ,
were all below 15 PtCo  set by international and Saudi respectively. The concentrations of positive ions in the1

standards [3, 10-12]. The range of values in the lake sites lake sites were well above 200 mgL  and 30-150 mgL
was significantly low which was between 1-7 PtCo  and set  by International    and    Saudi   standard (Table_3)1

for northern reservoir was 7 PtCo . The odor of the water [3, 10-12]. The high values of Ca  and Mg  in the lake1

in all study sites was odorless (Table 1). sites may be related to dissolution of Ca  and Mg  from

Chemical Parameters: The results of the chemical anthropogenic sources, such as from road salt and
parameters of the investigated lake and northern reservoir agriculture run-off [17, 20, 21].
are presented in Tables 2, 3, 4 and 5. The high concentrations of sulfate (1953-1767 mgL )

Nitrogen:  Nitrogen  is  an  essential  plant  macronutrient that accelerates the release of sulfate [13, 20, 21]. On the
that exists in many forms. Ammonia (NH ), nitrite (NO ) other hand, the sulfate was detected very low (39 mgL )3 2

-

and nitrate  (NO )  are  all  forms  of  nitrogen  that  can  be3
-

found throughout the soil, air, plant and water
components of the environment. Nitrate is the form of
nitrogen   that   plants   most   readily   utilize  [15].
Nitrate-nitrogen levels in the lake sites and northern
reservoir were measured at a range between 0.1-1.6
µgmL , which are well below 50 µgmL  set by1 1

International   and     Saudi    standards   [3,   10-12].
Nitrite-nitrogen levels were measured at a range between
0.005-0.021 µgmL , which are well below 3 µgmL  set by1 1

International and Saudi standards [3, 10-12]. The high
depletion in the amount of nitrite and nitrate in the lake
sites and the northern reservoir may be related to
denitrification of ions into ammonia which it only detected
nitrogen ion form. This interpretation is supported by
Sayed and Abdo [16] for Wadi El-Natrun  Depression
Lake (Egypt), Diaz et al. [18] for Lasalada De Chiprana
Lake (Spain) and Morales et al. [19] for Maracaibo Lake
(Vanzuela).

Ammonia-nitrogen levels were also measured at a
range between 0.00-0.1 µgmL , which are well below 0.51

µgmL  set by International and Saudi standards1

(Table_2). The ammonia concentration in unpolluted
waters usually was found  to  be  less  than  0.2  µgmL 1

as  nitrogen  [19]. The lower concentration  of  ammonia,
in the lake sites and  not  found  in  the  northern
reservoir, confirms the Domat Lake is unpolluted up to
February 2009.

Ions in Water: Ions are grouped into positively charged
cations and negatively charged anions. Positively
charged ions include calcium (Ca ) and magnesium+2

(Mg ). Negatively charged ions include sulphate (SO ),+2 -
4

silica (SiO ) and phosphate (PO ).4 4
- -

Calcium and magnesium showed significant increase
in the concentration range between 1320-4120 mgL  and1

305-1220 mgL  in lake sites; whereas in northern1

1 1

1 1

+2 +2

+2 +2

mineral soils and rocks. Ions can also originate from

1

in the lake sites may be related to the alkaline pH of water

1

in the northern reservoir compared to the standards and
the lake sites (Table_3). It may be due to low pH-value in
the northern reservoir [13, 21].

There are no standard for some ions such as silica
(SiO ) and phosphate (PO ). The phosphate negative ion4 4

- -

showed high decrease in the concentration in the lake
sites and northern reservoir range from 0.54-0.67 µgmL 1

and 0.29 µgmL , respectively (Table_3). Similar results1

obtained by Sayed and Abdel-Satar [21] in Wadi El-Rayan
lakes, Egypt. At the same time  a  totally  different  from
the results that seen in Wadi El-Natrun Lakes, Egypt [16].
The phosphate within the lake may involve adsorption
and precipitation reactions, inter change with sediments
and uptake by aquatic biota [16, 22].

Silica concentration was high in northern reservoir
11.8 µgmL . Whereas in lake sites, it was low compared1

to the northern reservoir and ranged from 4.6-8.2 µgmL 1

(Table_3). The high concentration of silica in the lake
sites and northern reservoir may be related to the alkaline
pH of water that accelerates the release of silica from
sediment to the over laying water [23].

Heavy Metals: The concentrations of manganese and iron
were significantly low in both lake sites and northern
reservoir. Whereas chromium and cyanide were
significantly  high  in  concentration  in  lake sites but
they  were  also significantly low in northern reservoir.
The presence of aluminum was low in northern reservoir
but its concentration in lake sites showed variable results;
the concentration of aluminum totally disappeared in lake
site 4 but was very low in lake sites 1, 2 and 5; at site 3 it
was slightly high 0.039 µgmL  compared with 0.021

µgmL  as standard (Table_4).1

In this study, Cr and Cn were the most and least
concentrated of the metals in the lake sites. They were
concentrated in water from these stations  in  the
following order:



Europ. J. Biol. Sci., 4 (1): 05-12, 2012

10

L1: Cr>Cn>Fe>Al>Mn; L2: Cr>Cn>Fe>Al>Mn; L3: The result of total alkalinity for lake sites was slightly
Cr>Cn>Fe>Al>Mn; L4: Cr>Cn>Fe>Mn>Al; and L5: high (295-340 mg as CaCO L ) compared with the
Cr>Cn>Fe>Al>Mn standard (200 mg as CaCO L ) whereas in northern

For the northern reservoir, Cr and Fe were the most The total alkalinity is not the same as hardness. In most
and least concentrated of the metals, as follow: waters, alkalinity and hardness, have similar values

NR: Cr>Fe>Al>Mn>Cn total alkalinity are usually brought into the water in the

Total Dissolved Salts: The results of total dissolved salts Waters with high total alkalinity are not always hard,
values in the lake sites were highly significant compared since the carbonates can be brought into the water in the
with the standard. The reading ranged from 52620-52930 form of sodium or potassium carbonate [21-23, 29].
mgL . The reading for northern reservoir was 268 mgL1 1

which was within the standard set (Table_5). TDS values Microbiological Properties: The results in
in the lake sites were found in the same trend of the EC. microbiological parameters of lake sites and northern
The run off the agriculture wastes may be responsible for reservoir are presented in table_6. The heterotrophic plate
the highest values of TDS in the lake sites [15, 20]. count was nil in the lake sites 1 and 2 but in sites 3, 4 and

Total Hardness: The significant values of calcium and significantly positive (4500 CFU ml ). Total coliforms was
magnesium ions in the lake form the total hardness of nil in lake sites 1 and 5, but slightly positive in sites 2, 3
water. At a pH of 8.3 or greater, calcium will come out of and 4. For northern reservoir, the total coliforms was
solution as an insoluble carbonate (limestone). Likewise, highly  significant  positive  (>2400   MPN  per 100 ml).
agricultural lime will be insoluble in waters with that pH The presence of fecal coliforms was nil in lake sites, but
range. So, the limestone may be responsible for both was highly significant in northern reservoir (Table_6).
hardness and alkalinity, these values will be similar if not These results agreed with the studies of El-Bassat et al.
identical [24]. The results of total hardness in the lake [1]. They suggested that the absence of total coliform,
sites showed significant increase in the values ranging faecal coliform and all pathogenic bacteria may due to the
from 2110 to 8390 mg as CaCO L , whereas the northern presence of protozoa, especially ciliated species and3

1

reservoir was very low 166 mg as CaCO L  compared to rotifers in the Dumat Lake sites which may play important3
1

a standard set 500 mg as CaCO L  (Table_5). According role in regulating the presence of bacteria. These results3
1

to Reid  [25]  classification  based  on  total  hardness, also agreed with several studies which highlighted the
The lake sites water is described as very hard  but the importance of heterotrophic flagellates and ciliates in the
northern reservoir as very soft, this results agree with predation and control of picoplanktonic algae and bacteria
other studies on Washita River at Oklahoma [26] and [1, 30, 31]. The contamination in the northern reservoir
studies on river water at Shatt Al-Hilla [27] but disagree showed that agriculture and wildlife were the major
with the study on Moro Lake in Nigeria [28]. source, while humans and pets were minor sources. At the

Total Alkalinity: Concomitant with pH is alkalinity. Lake can be humans and pets, while agriculture is still an
Calcium carbonate (CaCO ) precipitate is the major by intermediate source and wildlife is the minor sources.3

product of the "whiting effect" that occurs in the lake [24].
The cause of the whiting effect, or whiting phenomenon, CONCLUSION
has  not   yet   been   fully   explained  by   scientists.
Some  investigators  believe warm temperatures initiate In conclusion, the surface water quality of Dumat
the production of phytoplankton,  which  causes a Lake could be classified as class 1 (excellent) according to
change in pH and results in the whiting effect. Other Prati et al. [32]. The lake is also productive and will
investigators suggest that carbonate precipitate out due support diverse number of organism from planktons,
to ground water flowing through carbonate containing benthos to fishes going by the abundance of chemical
rock  (limestone)  and  discharging  into  surface  waters ions needed for interconversion of energy and production
[9, 21, 22, 24]. of  organic  materials present in the lake.  The  results   of

3
1

3
1

reservoir  was  very  low 10 mg as CaCO L  (Table_5).3
1

because the carbonates and bicarbonates responsible for

form of calcium carbonate or magnesium carbonate.

5 was slightly positive; whereas in northern reservoir was
1

moment, the major source for contamination at the Dumat
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the physical, chemical and microbiological parameters of 12 Ministry of Agriculture and Water-MAW, 1996. A
the lake sites and northern reservoir could be helpful in
the management of the lake for its water quality and
fisheries. The data obtained from lake sites and northern
reservoir could be used as a baseline and reference points
when assessing further changes caused by nature or man
in the lake.
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