
  
Abstract— This study was carried out to assess the current 

situation of seawater intrusion in the shallow aquifer within 
Tripoli region, Libya. Water samples were collected and 
analyzed for electric conductivity (EC), pH, total dissolved 
solids (TDS) and the major cations and anions. The detection 
of seawater intrusion was performed and classified according 
to Simpson classification and Jones ratio. The results showed 
that the TDS of water samples were ranging between 345 mg/l 
and 3334 mg/l,. The highest TDS, and Cl- levels were found at 
wells located at a strip- shape parallel to the coast of the sea by 
distance within 9 to12 km. The seawater indicators reveals 
that the water samples were highly contaminated by seawater 
and their highest values follow the same distribution pattern 
which has been found for the highest levels of TDS, and Cl-. It 
is clear that urgent action should be taken to minimize the 
intrusion problem. 
 

Keywords—Hydrogeochemical ratios, Seawater intrusion, 
Tripoli, water quality.  

I. INTRODUCTION 
ROUNDWATER is a finite resource, a constraining factor 
for economic and agriculture development and it is 

becoming a scarce commodity in Libya. Tripoli city which is 
located in the coastal region characterized as most densely 
populated, a fact that makes the demand for water even more 
acute. The increasing demand of the groundwater has already 
been overpumped since the early 1960's. Such continuous 
overdevelopment causes an extensive seawater intrusion far 
inland deteriorating the groundwater quality. Many studies 
have been conducted on seawater intrusion during the 
previous decades. Water situation in Tripoli area during the 
years 1930 to 1960 have been studied by [1]. They 
summarized that the decline in water level was slightly near to 
the coast in the northern part, while it reached to 13 meters in 
the area of Qasr Ben Ghashir. Many detailed investigations 
carried out on the problem of seawater intrusion in Jifara plain 
[2]. As compared with other regions in the plain, it was found 
that the Tripoli city was the least vulnerable to the problem of 
seawater intrusion. On the other hand, the increasing in the 
rate of water consumption caused serious declines in water 
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levels, which could affect the direction of water flow, i.e. it 
would become from north to south. It was noted that the 
region extending along the shoreline from Az Zawiah to 
Tajura to a depth of 2 km was exposed to seawater intrusion 
[3]. The approximate extent of the seawater intrusion could be 
seen from the shape of the isolines along the coast where the 
most serious impact was recorded for Tripoli area [4]. 
Recently, two dramatic changes have been taken place in the 
city area. The first change is concerning with the water supply 
system whereas the water is imported from the Southwestern 
regions of the country via the conveyance system of phase two 
of the Man-made River Project (MRP). The Second change is 
related to the settlement expansion on agricultural lands where 
agricultural activity extends toward the south of the city. Such 
changes may lead to change the groundwater situation and 
seawater intrusion condition throughout the city area. This 
study has been taken to determine  the chemical composition 
of the groundwater and to assess the current condition of 
seawater intrusion in Tripoli region by using various 
hydrogeochemical parameters. 

II. MATERIALS AND METHODS  

A. Study Area 
The study site represents a coastal plain, opens towards the 

Mediterranean sea and covers most of Tripoli province area. It 
lies in between north latitudes 32°39'41" and 32°53'42" and 
east longitudes 13°03'55" and 13°15'42" and forms a 
rectangular in shape with 15 km width and 20 – 25 km length 
as seen in Fig. 1. With the exception of the urban and 
residential regions, which extend southward from the present 
shoreline to a distance 10 to 15 km , most of the areas are 
characterized as, mixing land-use characteristics, i.e., 
agricultural, urban and residential areas. Most of water needs 
for different purposes comes from an unconfined upper 
aquifer. The inspection of lithological logs indicates that 
aquifer belongs to Quaternary period and characterized by 
alternating layers of sands, sandstone, gravel and limestone 
[5]. The depths of water level of the unconfined upper aquifer 
are between 10 to 160 m below the ground surface, with 
saturated thickness varies from some 10 m to 90 m. Most of 
the wells in this aquifer give productivity of about 20- 50 
m3/hr [6]. 

B. Sampling Strategy 
To collected the hydrochemical data, 4 profiles (i.e., A-A',  
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Fig. 1 Location of the study area 
 

B-B', C-C' and D-D') mostly perpendicular to the shoreline 
and parallel to each other were chosen.The length of profiles 
were 19, 21.5, 25 and 21 km for the profiles A-A', B-B', C-C' 
and D-D', respectively. The geographical position of each well 
and their elevation was determined by mean a GPS 
instrument. The distance from the well location to the nearest 
shoreline were determined via free tool of Google Earth [7]. 
The samples of groundwater were obtained from 52 locations 
as depicted in Fig. 1, collected during November 2013 and 
stored in 1.5 liter polythene bottles. Other data like, the usage 
of groundwater, depth of well and the age of the well were 
recorded based on the information which obtained from the 
well owner. The groundwater samples were analyzed for pH, 
electrical conductivity (EC) and for major ions Na+, K+, Ca2+, 
Mg2+, Cl-, SO4

2-, and HCO3
-. The total dissolved soils (TDS) 

were determined indirectly as a function of EC as suggested 
by [8] by using the following equation as in  

 
ECTDS ×= 640                (1) 

 
Where TDS in "mg/L" unit and EC in " dS/m" unit. 

All chemical analysis were carried out at the soil and water 
laboratory of the Soil and Water Department, University of 
Tripoli (Libya). as per the standard methods [9]. The spatial 
distribution of some hydrochemical data was prepared and 
mapped using Surfer 8 software [10]. The statistical and 
correlation analyses were performed using SPSS software 
version [11]. 

C. Indicators of Seawater Intrusion 
In this study, sweater intrusion detection was investigated 

using many indicators which include levels of TDS, Chloride 
concentrations, Simpson ratio (SR) as reported by [13] and 
Jones ratio (JR) as suggested by [14]. Simpson ratio contrasts 

the relative abundance of the dominant seawater and 
freshwater anions. It classified the contaminated water due 
seawater intrusion into five groups : good quality (<0.5), 
slightly contaminated (0.5-1.3) moderately contaminated (1.3-
2.8), injuriously contaminated (2.8-6.6) and highly 
contaminated (6.6-15.5) [13]. SR can be calculated using the 
following equation as in 

 









+
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where the concentrations are expressed in "mg/L" units. 

Jones Ratio can also be used to differentiate between 
seawater intrusion and other sources of saltwater. In advance 
of a seawater intrusion front this ratio will be below 0.86 
molar ratio [14]. Typically, this ratio is above 1 for fresh water 
[15]. SR can be calculated using the following equation as in 

 









= −

+

Cl
NaJR           (3) 

Where the concentrations are expressed in molar units. 

III. RESULTS AND DISCUSSIONS 

A. Composition of Major Ions and Water Type  
Table I shows that the depths of the wells range from 13 m 

below surface near the shoreline to 300 m below surface in the 
south vicinity of the study area. Most of wells which located 
south of 15 km from the shoreline are used for irrigation 
purpose. Table I shows the statistical summary of the chemical 
parameters of the groundwater for each profile and for the 
whole study area, as well. The results shows that values of pH 
for the study area vary between 6.9 and 8.1 and the highest 
mean value was 7.4 which found in the A-A' profile. 
However, natural water is expected to have pH value of 
between 6 and 8 [16] – [17].The highest value of TDS was 
found in the D-D' profile with the mean value of 1150 mg/ l. It 
can be noted that TDS is increasing from the west of the study 
area toward the east. For the cations, the concentrations of 
Ca2+ were found in rang of 28 to 248 mg/l. with the highest 
mean concentration 109.1 mg/l was found in the A-A' profile. 
Unlike TDS, the increasing trend of Ca2+ concentrations was 
found from the east to the west of the study area. The 
concentrations of Mg2+ vary from 24.9 to 257.6 mg/l, whereas 
the highest mean concentration 81.2 mg/l was found in the A-
A' profile. Like the concentrations of Ca2+, the Mg2+ 
concentrations are increasing from the west to the east of the 
study area. Such similarity in the trend of distribution 
indicating that both cations are always associated to form the 
water hardness [18]. The concentrations of Na+ were found in 
range between 41.8 to 524 mg/l with 165 mg/l as a mean 
concentration of Na+.  
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TABLE I 
STATISTICAL SUMMARY OF WELL DEPTHS AND CHEMICAL COMPOSITION OF 

THE GROUNDWATER PROPERTIES 

Max Min Std. D Mean Profile Parameter a 

230 18 68 121 A-A' Well depth  
288 18 105 122 B-B'  
300 13 96 91 C-C'  
210 16 51 72 D-D'  
300 13 79 102 all  
8.1 7.4 0.16 7.70 A-A' pH 
7.6 7.2 0.14 7.40 B-B'  
7.7 6.9 0.29 7.36 C-C'  
8.1 7.0 0.29 7.50 D-D'  
8.1 6.9 0.25 7.52 all  
1388 467.2 237.6 985 A-A' TDS  
3334 345.6 859.1 1006 B-B'  
1990. 672.0 385.6 1071 C-C'  
3008. 531.2 618.5 1150 D-D'  
3334 345.6 526.8 1050 all  
132 48.0 21.0 109.1 A-A' Ca2+ 
248 28.0 64.3 67.0 B-B'  
144 44.0 29.7 63.0 C-C'  
204 40.0 40.5 77.1 D-D'  
248 28.0 42.8 85.5 all  
148 44.8 25.3 81.2 A-A' Mg+ 
257 67.7 21.4 67.9 B-B'  
151 47.6 31.2 63.9 C-C'  
224 46.2 45.4 71.5 D-D'  
257 24.9 42.0 83.5 all  
242 41.8 40.9 108.3 A-A' Na+ 
525 45.9 142.4 169.3 B-B'  
312 108.5 66.9 202.4 C-C'  
480 66.7 117.3 208.1 D-D'  
525 41.8 101.8 165.0 all  
13.6 3.9 2.8 8.1 A-A' K+ 
17.9 3.9 4.2 7.3 B-B'  
24.5 5.7 5.7 10.5 C-C'  
15.6 4.7 2.9 8.9 D-D'  
24.5 3.9 3.8 8.6 all  
514 134.9 81.9 269.2 A-A' Cl - 
1622 81.7 454.8 347.2 B-B'  
830 188.1 186.9 326.2 C-C'  
1402 149.1 326.4 370.7 D-D'  
1622 81.6 271.7 322.5 all  
319 185.4 41.2 231.5 A-A' HCO3 

- 
207.4 164.7 14.1 186.0 B-B'  
298.9 183.0 33.9 240.3 C-C'  
359.9 172.0 61.8 251.5 D-D'  
359.9 164.7 48.0 229.9 all  
323.5 25.9 71.2 207.5 A-A' SO4 2- 
197.7 33.6 69.0 129.5 B-B'  
249.6 66.7 68.5 166.5 C-C'  
267.8 59.2 59.9 161.4 D-D'  
323.5 25.9 71.5 172.2 all  

aWell depths in meter, concentration units are in mg/l; Std.D = standard 
deviation, Min = minimum, Max= Maximum. 
 

It reveals from Table I. that Na+ concentrations is increasing 
toward the east of the study area. The concentrations of K+ 
were relatively low compared to the concentrations of other 
cations. Their concentrations vary from 3.9 to 24.5 mg/l and 
show unclear trend of distribution within the study area. The 
order abundance of the major cations in the studied water well 
for the whole area and for each profile follows as: Na+> Mg2+> 
Ca2+ ,whereas the concentrations were determined in mmol/l. For 
the anions, the concentrations of Cl- ranged between 81.6 and 
1622.3 mg/l with a mean concentration of 322 mg/l. Similar to 

TDS, the highest concentrations of Cl- were found in the well 
samples belong to the D-D' profile whereas they increase towards 
the east. Such result would lead to indicate that Cl- concentrations 
is a major portion of TDS. The HCO3

- concentrations range 
between 164.4 and 359.9 mg/l with a mean concentration of 229.9 
mg/l. The maximum concentrations were found in the D-D' 
profile which located in the east of the study area. The 
concentrations of SO4

2-were present in the range of 25.9 to 323.5 
mg/l. The highest SO4

2-concentrations were found in the 
groundwater samples located in the A-A' profile. A-A' profile 
maybe highly affected by the dissolution of minerals containing 
SO4

2- like gypsum and anhydrite in the aquifer formations. Its 
highly abundance of SO4

2- can be also attributed to the oxidation 
of pyrite [4 ]. However, the order abundance of the major anions 
in the water samples for the whole area follows as: Cl-> HCO3

- > 
SO4

2-. 
The linear relationship among major chemical constituents of 

the groundwater, as measured by the simple correlation 
coefficient (r) is presented in Table II. Despite the complexity of 
the hydrochemical components of groundwater, such analysis 
may allow to distinguish several relevant chemical constituents 
relationships. The correlation coefficient matrix shows high 
positive correlation of TDS with Cl-, Mg2+,  Na+ and Ca2+. 
Moreover, it was observed high positive correlation of Cl- with 
Mg2+, Na+ and  Ca2+. There is a positive correlation of Ca2+ with 
Mg2+ in the groundwater of the area which probably attributed to 
the precipitation of dolomite and calcite [19]. The correlation 
between HCO3

- and the other ions as well as TDS was very 
weak. This means that most cations are highly associated with 
Cl- and SO4

2-. It may give an indication of the impact of 
seawater intrusion on groundwater as the Cl- and SO4

2- are the 
major anions in seawater [20]. 

Piper diagram is one way of comparing numerous water 
analyses. Based on the Piper diagram as shown in Fig. 2, most 
samples of groundwater are classified as (Mg2++Ca2+) Cl- –
SO4

2- water type. On the other hand, some samples of 
groundwater in the profiles B-B', C-C' and D-D' are classified 
as Na-Cl type.  

 
Fig. 2 Piper diagram of major chemical compositions  

of the groundwater
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TABLE II 
CROSS-CORRELATIONS AMONG MAJOR CHEMICAL CONSTITUENTS OF THE GROUNDWATER 

SO4
2 HCO3

- Cl- K+ Na+ Mg2+ Ca2+ TDS pH 
 

0.101 -0.045 -0.088 -0.152 -0.283* 0.076 0.257 -0.084 1 pH 

0.451** 0.131 0.975** 0.753** 0.895** 0.913** 0.809** 1  TDS 
0.538** 0.039 0.781** 0.605** 0.498** 0.900** 1   Ca2+ 
0.426** 0.080 0.901** 0.718** 0.648** 1    Mg2+ 
0.332* 0.178 0.869** 0.650** 1     Na+ 

0.575** 0.316* 0.674** 1      K+ 

0.261 -0.027 1       Cl- 

0.385** 1        HCO3
- 

1         SO4
2 

**. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed). 
 

A. Indications of Seawater Intrusions 
Seawater intrusion involves mixing between saline and 

fresh water. Owing to its considerable salt content, a small 
fraction of seawater would dominate the chemical composition 
of the groundwater mixture [12] Few hydrogeochemical 
parameters have been suggested as indicators for seawater 
intrusion. These parameters include levels of TDS, Cl- 
concentrations, the Simpson ratio and Jones Ratio.  

Fig. 3 shows the levels of TDS versus the distance of the 
wells from the shoreline. According to the spatial pattern 
distribution of TDS, the study area can be divided into three 
different zones, the coastal strip zone, the central zones and 
the south zones. The high TDS ( > 1000 mg/l) on the 
northward of the coastal strip zone, is a result of seawater 
intrusion. Then, TDS slight decreases up to about 6 km inland. 
Enhancing in TDS values within about 6 km from the coast 
may be attributed to a reduction in the pumping from the 
regional groundwater, whereas the majority of the northern 
study area relies on Man-made River Project as a main source 
for water supply. In the central zones, TDS starts increasing 
considerably ( > 1500 mg/l) in wells of the profiles of B-B',C-
C' and D-D'. This increase continues (to reach their maximum 
values) for these wells up to about 8, 10 and 12 km toward 
inland for the profiles of B-B',C-C' and D-D', respectively. It 
was found a slight increase in TDS in wells of the profiles of 
A-A'. It reaches its maximum value at about 17 km from the 
shoreline, then it decreases southward at the end of the profile. 
However, TDS starts decreasing in the wells of the profiles of 
B-B',C-C' and D-D' in the south zones at about 17 km from the 
shoreline, then it increases again until the end of the profiles.  

High concentrations of Cl- are most simply indicative of 
seawater intrusion [21]-[12]. Fig. 4 depicts the change in the 
Cl- concentrations with the distance from the shoreline. It 
reveals that Cl -concentrations distribution correspond to the 
TDS distribution. The distribution of Cl- concentrations shows 
interesting pattern where the lower chloride concentrations     
(< 400 mg/l) appears at distance up to about 6 km from the 
shoreline and at distance within 15 km to the boundary of the  
study area toward the south. A very clear sharp increase in Cl- 
concentrations ( >400 mg/l) in the wells of the profiles of B-B', 
C-C' and D-D' was found within the distance of 6 to 12 km from 

the shoreline. Seawater intrusion is the reason for the high Cl- 
concentrations in those profiles. Seawater are more easily 
defined when chloride concentrations exceed 1,000 mg/l [15]. 
Due to the excessive pumping in the region, seawater 
upconing can be expected as additional reason for such 
increasing in Cl- concentrations. In the wells of the profile A-
A', the concentrations of Cl- show slight change with the 
distance from the shoreline. 

 
Fig. 3 Levels of TDS versus the distance of wells  

from the shoreline 
  The chloride to (carbonate + bicarbonate) ratio is an useful 
ionic ratio. It reflects the abundance of the dominant seawater 
and freshwater anions. Simpson suggested this ratio as a 
proper criterion for recognition of contamination by seawater 
[12]. Fig. 5 shows the spatial distribution of Simpson ratio 
(SR) in the study area. According to Simpson classification it 
was found slightly contaminated groundwater in the most 
wells of the profile A-A'. The well No A18 which located at 
125 m from the shoreline seems to be moderately 
contaminated groundwater with the value of SR equal to 2.58. 
For the majority of the study area, the groundwater was 
slightly to moderately contaminated by seawater. Fig. 5 
depicts that the groundwater within the distance ranges 
between 9 and 12 km from the shoreline are injuriously and 
highly contaminated by seawater. This result would lead to 
indicate that seawater intrusion has advanced further up to 
about 12 km inland. 
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Fig. 4 Concentrations of Cl- versus the distance of wells from the 

shoreline 

 
Fig. 5 The spatial distribution of the values of Simpson ratio     

(Cl-/ HCO3
-+CO3

2-) in the study area  

Like Cl-/(HCO3
-+CO3

2-), ionic ratio such as Na+/Cl- (Jones 
Ratio ) can be effectively used to differentiate degree of 
seawater intrusion [15]. It was found that saline water, 
associated with seawater intrusion is characterized, relatively 
to seawater, by low Na+/Cl- ratio [22]. Fig. 6. shows the spatial 
distribution of Na+/Cl- ratio within the groundwater of the 
study area. It reveals that most of the study area are 
contaminated with seawater where the molar ratio of Na+/ Cl- 
are less than 0.86. The lower ratios of Na+/Cl- were found 
within the distance varies from 9 to 12 km from the shoreline. 
However, the remaining area especially at the northern zones 
of the profiles of B-B',C-C' and D-D' are typically 
contaminated with anthropogenic sources (i.e., Na+/Cl->1) like 
domestic waters. 

 
 

 
Fig. 6 The spatial distribution of the values of Jones ratio (Na+/Cl-) 

in the study area  

IV. CONCLUSION 
The results showed high total dissolved solids in most 

samples located within the inland at the central part of the 
study area. The order of abundance of major cations in the 
groundwater of the area is Mg2+> Na+> Ca2+> K+, while that 
for anions is Cl->HCO3

-> SO4
2-. Most samples of groundwater 

are classified as (Mg2++Ca2+) Cl- –SO4
2- water type. The 

correlation between HCO3
- and the other ions as well as TDS 

was very weak. This means that most cations are highly 
associated with Cl- and SO4

2-. According to Simpson  and 
Jones ratios, the study area within the distance ranges between 
9 and 12 km from the shoreline are injuriously and highly 
contaminated by seawater. However, further researches are 
needed in order to investigate and monitor the evolution of 
seawater intrusion over time and space in Tripoli and its 
surrounding suburbs.  
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