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 The study was conducted to assess certain physicochemical parameters and some trace 
metals contents of Sebha Man-made Lake in Libya.  A total of sixteenth physic-

chemical characteristics and trace metals contents were examined :   pH, electrical 

conductivity (EC), total dissolved salts (TDS), total suspended solids (TSS), turbidity, 
Nitrate (NO2), Phosphate (PO4), dissolved oxygen (DO), sulfate SO4, Cobalt (Co), 

Nickel(Ni),Iron( Fe),Zinc (Zn), Copper(Cu), Cadmium (Cd), and Lead Pb. Moreover, 

the water condition of the lake was compared with the water from the canal which 
supplies the Lake through the water recurrent station of the sewage system. The 

hydrographic survey indicated that the average concentrations of physical and 

chemical properties such as pH 8.8; DO, 5.9 g/l; temperature, 32.5 °C; EC, 2.64 ms; 
TDS, 1.86 g/l; TSS, 0.150 g/l; turbidity, 49 cm; NO2, 0.0208 ppm; PO4, 19.162 ppm; 

and SO4, 567.732 ppm, in the Lake were generally high based on the acceptable limits 
set by the World Health Organization. Conversely, the concentrations of certain heavy 

metals in the Lake were relatively low, e.g., Co, 0.160 ppm; Ni, 0.14 ppm; Fe, 0.170 

ppm; Zn, 0.665 ppm; Cu, 0.091 ppm; and Cd, 0.32 ppm. Several physical and chemical 
properties and certain heavy metals in the canal were also investigated. The results for 

the chemical properties are as follows: NO2, 0.2 ppm; PO4, 18.3 ppm; SO4, 647.7 

ppm; and DO, 5.9 ppm. The levels of certain heavy metals are as follows: Co, 0.056 
ppm; Ni, 0.046 ppm; Fe, 0.119 ppm; Zn, 0.051 ppm; Cu, 0.081 ppm; and Cd, 0.015 

ppm. 
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INTRODUCTION 

 

 Water subjected to pollution is one of our modern age's greatest challenges. Biological effects resulting 

from speedy development of commercial, industrial, institutional and domestic facilities, rapidly increasing 

population compounded by limitation of resources to monitor such pollution in southern Libya are the main 

reasons for my choosing this area of study. Sebha Man-made Lake was constructed in 1980 in southern Libya. 

The Lake receives wastewater from the sewage plant in the Sebha City after the wastewater has undergone a 

three-process clean up that is finished with a trickling biofilter. The Lake measures 48 ha in area and averages 

approximately 3 m in depth (Al-Salman et al. 2004). A total volume of 23,000 cubic meters of water is pumped 

daily into the Lake (General Company for Water and Sanitary Sewage 2003). The Lake is subject to year-round 

pollution by municipal wastes such as effluents from industrial workshops and car-washing stations as well as 

dust fallouts from the desert. Seada (2008) estimated that the 34 ha urban area of Sebha is exposed to 

3.189 tons/day of accumulated dust. This study aims to evaluate certain physicochemical properties and some 

heavy metals of Sebha Man-made Lake, including pH, electrical conductivity (EC), total dissolved salts (TDS), 

total suspended solids (TSS), turbidity, NO2, PO
−

4, dissolved oxygen (DO), sulfate (SO4), Cobalt (Co), Nickel 

(Ni), Iron (Fe), Zinc (Zn), Copper (Cu), Cadmium (Cd), and Lead (Pb) in the lake water. The condition of the 

lake water was compared with that of the water from the canal that supplies the Lake through the water recurrent 

station of the sewage system.This study adapts an approach based on the Citizen’s Guide by Joy P. Michaud 
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(1991), APHA (1998), and other sources for land locked water bodies (e.g., Black Sea, Caspian Sea) in the case 

of the Sebha man-made lake in Libya. 

 

Site of the study: 

 The study was conducted on the Sebha Man-made Lake, which was designed to receive purified wastewater 

from the City of Sebha (see Fig. 1). 

 

 
Fig. 1: The site of Sebha on the map of Libya and a general view of the Man-made Lake 

 

MATERIALS AND METHODS 

 

Chemical and physical parameters:  

 Three sample stations were chosen in the Lake, namely A, B, and C One sample was taken from the mouth 

of the Lake inflow to measure the chemical properties (NO2, PO4, SO4, and DO). Properties such as pH, 

temperature, DO, TSS, TDS, EC, and turbidity were measured in the field, and *NO2
−/

PO4
−
/SO4

−
 were measured 

in the laboratory. 

 The pH was measured by using a HANNA (HI8424) meter. Conductivity was measured with a Schott 

Gerate-cg857 meter. Spectrophotometry was performed with a Milton Roy Spectronic 21D. Oxygen was 

measured by using an Ox-92-A.P.H.A 422F, and NO2, PO4, and SO4 were analyzed spectrophotometrically in 

the laboratory. 

This part of the study was conducted following the procedure described by Joy (1991) and APHA (1998). 

 

Concentration of heavy metals: 

 For heavy metal analysis, 5 liter samples of water were obtained from each point (A, B, C and canal 

(outside the Lake), and then mixed together. One liter was taken from the mixture and filtered by using 

Whatman ashless paper no. 0.45, the determination of heavy metal was carried out in two stages. The samples 

were digested in concentrated Nitric Acid and analyzed by Atomic Absorption Spectrometer NOV AA400-  

 

Statistical analysis: 

 The results were analyzed statistically according to Steel and Torrie (1980) to determine the effect of the 

area of sample location on the lake. 

 

Results: 

Chemical and physical properties: 

 The physicochemical parameters are presented in Table 1 and Fig. 2 respectively the average value of the 

various results determined at the three stations. The pH level varied between 9.22 to 8.57 and 8.71. EC varied 

between 3.47 ms to 2.24 ms and 2.21 ms. TDS varied between 2.47 at station A, 1.57 and 1.55 g/l at point B.The 

results show that the TDS values gradually fluctuate at the side of the Lake compared with the point A which 

represents the medium point, i.e., the point of water supply coming to the Lake from the biological filter. TSS 

was 0.15, 0.2, and 0.1 g/l at stations A, B, and C, respectively. The surface water temperature ranged between 

32.1, 34.5, and 30.99 °C, while transparency and turbidity ranged approximately 49 cm in the middle of the 

Lake. The measurement could not be conducted at the sides because of the abundance of Phragmites Sp. 

 
Table 1: The effect by means of sample location on water properties in Sebha Lake: pH, EC (in milliseconds per liter), TDS (in grams per 

liter), TSS (in grams per liter), DO (in milligrams per liter), Temperature (o C), and turbidity/Secchi disk (in centimeters).  

turbidity 

(cm) 

°C DO TSS (g/l) TDS (g/m) CONDEC 

(ms) 

pH Number of samples 

49.067 32.100 6.303 0.150 2.470 3.470 9.220 A 

49.087 34.500 5.910 0.200 1.570 2.240 8.570 B 

48.990 30.990 5.500 0.100 1.55 2.210 8.710 C 

Ns –** –** –** –** –** –* F test 

       L.S.D. 

Ns 0.321 0.104 0.030 0.067 0.045 0.356 P = 0.05 

Ns 0.519 0.168 0.049 0.109 0.073 Ns P = 0.01 

Ns nonsignificant 

*Significant at the 0.05 level; **Significant at the 0.01 level 
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 Comparison of NO2, PO4, DO, and SO4 levels in and out of the Lake Table 2 and Fig. 3 showed that the 

concentration of NO2
−
 out of the Lake was 0.249 ppm while in the Lake 0.020 mg/l. The results indicate higher 

NO2
− 

concentration in the incoming water than in the Lake water. By contrast, the values of PO
−

4 were higher in 

the lake at 19.162 mg/l than out of it at 18.388 mg/l. The DO values were 5.99 m/l in the lake and 6.30 m/l in 

the canal; the values of SO4 were 647.7342 mg/l out of the lake and 567.7324 mg/l in the Lake. 

 

Concentration of heavy metals: 

 Table 3 and Fig. 5 present the values of Co, Ni, Fe, Zn, Pb, and Ca in the canal and lake. The values of 

heavy metals in the canal were 0.056, 0.046, 0.119, 0.051, 0.081, and 0.015 ppm, respectively. While in Lake, 

the values were 0.160, 0.140, 0.170, 0.665, 0.091, and 0.032 ppm, respectively.  

 

 
 

 

Table 2: Analysis of properties of heavy metals and NO2, PO4, DO, and SO4 of Sebha Lake and canal 

 Lake Canal T Test  

X
sx

 

C.V. 
X

sx
 

C.V. 

CO ppm 
0.16 0.053034 

74.1172 
0.0558 0.018093 

72.50432 1.464984 Ns 

Ni  ppm 
0.14 0.046396 

74.10349 
0.046 0.015135 

73.57018 1.527689 Ns 

Fe  ppm 
0.17 0.056336 

74.10014 
0.119 0.039345 

73.93072 0.533025 Ns 

Zn  ppm 
0.665 0.220539 

74.15634 
0.051 0.016444 

72.0985 2.590904* 

Cu  ppm 
0.091 0.029973 

73.65138 
0.081 0.0263 

72.60424 0.177702 Ns 

Cd ppm 
0.032 0.010418 

72.79976 
0.015 0.004674 

69.68182 1.126376 Ns 

NO2 ppm 
0.02 0.006372 

71.23903 
0.249 0.082576 

74.15492 2.574541* 

PO4 ppm 
19.162 6.347428 

74.06994 
18.3875 6.090238 

74.0622 0.062271 Ns 

DO ppm 
6.303 2.066484 

73.3111 
5.992 1.961998 

73.21698 0.0772 Ns 

SO4 ppm 
567.7324 188.2905 

74.16 
647.7324 214.8194 

74.15885 0.198457 Ns 

No. of samples = 5 

x mean, X
S

 standard deviation, C.V. coefficient of variation, Ns no significant 

Significant at the 0.05 level 

 

 
 

Table 3: Concentrations of Co, Ni, Fe, Zn, Cu, Cd, and Pb in canal and lake. 

No. of 

samples 

Co NI Fe Zn Cu Cd Pb 

Lake 0.1601 0.140 0.1707 0.6657 0.091415 0.03293 N/D 

Canal 0.05605 0.04637 0.11985 0.051315 0.08129 0.01542 N/D 
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Discussion: 

 Chemical and physical properties: 

 The result have shown that, the average of pH 8.8, DO 5.8 and temperature 32.5 were similar to the findings 

of Al-Salman et al. (2004). pH 8.2, DO 5.00 and temperature 28.3, Other characteristics of the lake water, such 

as EC 2.64 ms/, TDS1.86 g/l,, TSS 0.15 g/l, and turbidity 49 cm, changed significantly compared with the 

findings of Al-Salman et al. (2004), EC was 666.6 cm/ms and TSS were 3.66 mg/l and ElSaidi (2005) found that 

EC was 2740 micromose and TDS was 1,780 mg/l., These values are considered relatively high as Table 4 

shows.. An evaluation of the averages of turbidity by using a Secchi disc indicated an average of 49 cm, which 

represented a good degree of transparency and light penetration for standing water. 

 
Table 4: Comparison between our findings in Sebha Lake and WHO standard limits of quality of water and heavy metals. 

Physiochemical properties and 

heavy metals (ppm) 

Concentration levels in the 

canal (ppm) 

Concentration levels in lake  

(ppm) 

WHO standard limits 

Co 0.056 0.160 0.05 

Ni 0.046 0.140 0.07 mg/l 

Fe 0.119 0.170 0.1-1.0 mg/l 

Zn 0.051 0.665 5.0-15.0mg/l 

Cu 0.081 0.091 2 mg/l 

Cd 0.015 0.032 0.003 mg/l 

Pb n.d. n.d 0.01 mg/l 

No2 0.249 0.02 3 mg/l 

Po4 18.387 19.162 0.5 mg/l 

So4 647.732 567.732 200mg/l to 400 mg/l 

 

Physiochemical 
properties 

A B C W H O Stander Limited 

pH 9.220 8.570 8.710 6.5 to 8.5 

EC (mS) 3.470 2.240 2.210 500 mg/l 

TDS(g/m) 2.470 1.570 1.550 500-1500 mg/l 

TSS 0.150 0.200 0.100  

DO 6.303 5.910 5.500 8 to 10 
0C 32.100 34.500 30.990  

turbidity 49 cm    

 

 One reason for the increase in the averages of the first three factors and the decrease in water transparency 

may be the combination of organic pollutants and sanitary products together with the common practice of the 

Lake authorities of burning cane as a traditional means of getting rid of the high density of the plants and 

mosquitoes, which spread heavily in the fertile environment. 

 This observation is in accordance with the findings of Alsalman et al. (2004), Al-Amroni (2002), Elkaratahi 

et al (2006), Elsaadia (2005), Awad (1991)., and others, who point it that, the physical characteristics of the 

processed lake water in the Libyan south suffer from environmental mismanagement in which the suspended 

and dissolved ions are exposed to most of the residue from the extraction of municipal waste in the water areas. 

In addition, the primary and secondary treatment stations lack follow-up and care, which sometimes leads to 

incompletely processed materials in the water. In addition, Seada (2008) estimated that the urban area of Sebha 

occupies 34 ha and is exposed to 3.189 tons/day of accumulated dust; the study showed that the particles of dust 

of (EC and TDS) are high with averages of 1,138 cm/ms and 786 ppm, respectively. 

 Chemical factors, such as NO−2, PO−4, SO4, and DO, in the lake was compared with their rates in the 

water coming into the Lake from the treatment station (canal). The comparative concentrations of these 

chemicals in the incoming water varied between high and low in both locations. For example, Table 2 shows 

that the concentrations of NO2 and SO4 are higher in the incoming water at 0.249 and 647.732 ppm, 

respectively, and the concentrations of PO4 and DO in the water of the Lake are higher at 19.162 and 

6.303 mg/l, respectively. 

 This difference may be due to the effect of the surrounding environment and human intervention by burning 

the plants and wastes as well as pasturing on the banks of the Lake. Another factor is the impact of the excessive 

growth of plants in the Lake, particularly canes, phragmites, Spirogyra and Zygnema types of moss, and other 

water weeds that use phosphate, nitrates, and SO4 to grow. Furthermore, mineral nutrition after dissolution in 

water contributes to the composition of protein and mineral acids and particles, ADP, ATP, and other factors in 

the metabolism of water plants. This conclusion coincides with the views of Elkartehi et al (2006), Grib et al 

(1996), and Alsalman (1985), who claim that most of the water plants with large quantities affect these 

characteristics, which in turn influences the stability of the average values of pH. Elkartehi et al. (2006) 

emphasize that the proximity of the large water plants contributes to the balance of the averages of Co3, HCO3, 

and Co2 in the water and therefore ensures a relatively stable pH. 

 Most of the variables which have examined (NO
−

2, PO
−

4, DO, SO
−

4, °C, turbidity, pH, EC, TDS, and TSS) 

are exceed the World Health Organization (WHO) water-quality standards presented in Table 4.  
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 An abstract difference was found with the possibility of 0.05 in the samples from locations in the Lake with 

the characteristic of pH, at location C, which recorded the highest average value of 8.710. However, no abstract 

difference was observed in location B, which recorded an average of 8.570 whereas the pH value abstractly 

decreased at location A. 

 With regard to conductivity, Table 5 and the Annex show an abstract difference with the possibility of 0.01 

for the locations of samples. According to the results of averages, location A had the highest average of 

3.470 ms/cm with an abstractly similar superiority in locations B and C. The table of difference analysis showed 

an abstract difference with the possibility of 0.05 among locations A, B, and C for TDS. The averages 

mentioned in the table showed that location A recorded the highest average of 2.470 g/l with an abstractly 

similar different from locations B and C. 

 With regard to TSS, the results of different analysis indicated an abstract impact with the possibility of 0.01 

for the locations of samples. Throughout the averages table, location B recorded the highest average of 0.200 g/l 

with an abstract difference from locations C and A, which recorded an average of 0.150 and 0.100, respectively. 

 When analyzing the results of the DO values, an abstract difference of 0.05 with the possibility of pollution 

was found among the locations, with a possibility of 0.01 as the highest value in location A, which recorded 

6.070 mg/l with an abstract difference from the averages recorded in the locations B and C, which are abstractly 

different. With regard to the degrees of temperature in the three locations (A, B, and C), the highest average was 

in B with an abstract difference under possibility of 0.01 for locations A and C. For the values of the Secchi disc, 

the results of different analysis did not indicate an abstract difference in the locations of samples. 

 Considering the correlation coefficient shown in Table 5, an abstract and positive correlation was found 

between the characteristics of conductivity and TDS whereas a negative correlation was observed between them 

and the degrees of temperature and pH. A negative correlation was also found between the characteristics of 

TSS and pH. 

 
Table 5: The values of correlation coefficient of physiochemical properties of water in Sebha Lake. 

Factors turbidity °C DO TSS (g/l) TDS (g/m) EC (ms) 

°C 0.860      

DO 0.891 0.533     

TSS (g/l) 0.947 0.978 0.697    

TDS (g/m) 0.339 -0.189 0.730 0.019   

EC (ms) 0.341 -0.187 0.731 0.021 1.000**  

pH 0.121 -0.403 0.559 -0.205 0.975 0.974 

Values of table correlation coefficient at level 0.05 and 0.01 = 0.996 and 0. 999, respectively 

 

Concentration of heavy metals: 

 Table 10 shows that the concentration of heavy metals in both the Lake and the canal did not record the 

expected high levels and was relatively low. This trend is similar with reports from Bin-Youssif et al. (2002) 

who studied the heavy minerals in the water of the Lake and of nearby wells and found that the aforementioned 

elements except for Pb showed concentrations of 0.08 ppm, 0.81 ppm, 0.13 ppm, 0.23 ppm, n.d., 0.04 ppm, n.d. 

during the study period. 

 The following sections explain why the concentration of these minerals does not reach the expected levels 

in the water:  

1. The presence of a large quantity of sediment with the increase of SO4increases the rate of sediment and draws 

with it the quantity of minerals, particularly when the water level decreases because of the evaporation in 

summer and the increase of salinity and chloride. This finding concurs with the observations of Seada (2008), 

Abood et al. (2003), and Alslaman (1989) that the water in the Libyan south, including that in the storage lakes, 

is subject to intensive evaporation and an increase of saltiness in the summer; the rate of evaporation reaches 

20 cm to 30 cm and the rate of saltiness is multiplied 20 times the amount in winter in the Tamnhint Lake. 

Alssaidi (2005) found that the bottom sediment of the Sebha Lake included a large amount of heavy minerals. 

2. Eutrophication of most plants, particularly canes (Phragmites Sp.), moss, and duckweed (Lemna minor) are 

shown in Fig. 1. The figure presents a general view of the Lake. This plant mass continuously draws large 

quantities of heavy minerals from the lake water because they are long-lived or re-grown plants. These 

conclusions are in accordance with the findings of Elssaidi (2005), Zaky (2003), ElKassas (2002), Lee-Chonlin 

et al. (1999), Sacchi et al. (1999), Zayed et al. (1998), and other researchers who confirmed that numerous 

plants, including Nigas and duckweed, can draw elements, such as Ni, Pb, Zn, Cd, and Cu, from water that 

contains these minerals. 

 The plant Lemna gibba can draw the elements Cr, Al, Zn, Fe, and Cu from recycled industrial water and in 

the roots of certain plants such as Brassica and Juncea. Indian mustard can draw different large concentrations 

of Ni, Pb, Zn, Cu, and Cd. Throughout the applied studies performed by Elkassas (2002), the plants Azolla and 

L. minor were found to decrease the concentration of the minerals Cu, Zn, Mn, and Fe between 36% and 85%, 

31% and 78%, 48% and 94%, and 50% and 94% during a 20-day processing period. Alsalman et al. (2005) and 
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Elkartehi et al. (2006) confirmed that the Phragmites Australis cane plant was a good accumulator of Cu, Fe, 

Mn, Zn, and Cr because its concentration in the cane grown in clean water was 0.32, 12.0, 20.30, 5.23, and 

0.15 ppm, respectively. When grown in the Tamnhint Lake and used for the storage of recycled industrial water, 

the concentrations of the same elements increased to 7.16, 39.6, 173.50, 187.73, and 5.06 over a 6-month 

growth period. 

 In another study, Al-Salman et al. (2004) found that the moss of Zygnema Sp. with the root total of the 

canes increased its ability to accumulate the elements of Zn, Sn, Pb, Fe, and Cr from the components of bottom 

and sediments. When comparing the concentration and detection of heavy minerals in the incoming water to the 

Lake from the treatment station (canal) and the water of the Lake, we can see that these concentrations are 

relatively low, which enables the growth of certain plants. The cultivation of water biology in turn provides 

opportunities to conduct periodical studies and observe the vital accumulation of significant minerals. 

 T test as showed in table 11  defined the abstract differences between  two locations, in and out the lake, 

with regard to the relationship between the heavy elements and the characteristics NO2, PO4, DO 2, and SO4 in 

Lake water the test results showed the absence of abstract difference between them, but exhibited abstract 

difference with the possibility of 0.05 between the two locations for Zn and No2, and the superiority of the 

inside location over the outside location in the characteristic of Zn and recorded the highest average of 0.665. 

With regard to the characteristic of No2, the result was reversed as the outside location recorded the highest 

average of 0.249. In Conclusion a general overview of the results of this study showed the following: 

1) The rates of NO
−

2, PO
−

4, SO
−

4, TSS, TDS, and EC in the Lake water are higher than the values permitted by 

the WHO.  

2) In general the values of the heavy metals were low accordance with normal levels based on the parameters 

set by the WHO and the Food and Agriculture Organization (FAO). 

3) Salinity increases during the hot season because of evaporation; i.e., temperature can average up to 45 °C 

during the summer. Therefore, increased water pumping is recommended to compensate for the supply shortage 

and to protect animal life that feeds and drinks from the Lake. 

4) The lake water suffers from excessive growth of P. Australis Sp., which has occupied almost all of the space 

and volume of the Lake and the beach areas 

5) Poor management of the Lake and its immediate surroundings is another concern. The area is used for the 

burning of garbage and P. Australis Sp. plants, which increases the contamination factor as well as the organic 

substances and minerals in the area. 

6) General concerns caused by the natural geological conditions of the soil and sand dunes as well as other 

elements that affect certain properties of the Lake, particularly the physiochemical attributes, are enhanced by 

the added activity and potential chemical reactions with the introduction of new elements to the Lake. Minerals 

that seep into the lake water can accumulate in the biological systems of aquatic plants and hydro-organisms as 

well as in the sediment at the bottom of the lake. Therefore, an integrated program to investigate these factors is 

recommended. 

7) The Lake and the related filtration station require follow-up and a more in-depth environmental study to 

develop the efficacy of the biological filtration process so that most of the contaminants can be eliminated 

before they reach the Lake. 
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