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Abstract 

The current study investigates the impacts of recharging partially treated wastewater using an 

infiltration basin on the groundwater aquifer in semi-arid region at the northern part of the Gaza 

Strip. The recharged quantities were then used to irrigate nearby farms. The investigations were 

carried out between 2008 and 2014 using a monitoring program supported by a GIS technique. 

Groundwater samples from 14 boreholes located downstream of the infiltration basin in addition 

to four other samples of partially treated wastewater were collected between 2011 and 2014 from 

Beit Lahia wastewater treatment (BLWWTP) effluent to study the possible impacts of the 

infiltration basin on the groundwater quality parameters. Results were compared with available 

base line data since 2008. Several physiochemical and biological groundwater and infiltrated 

wastewater samples discharged from (BLWWTP) were investigated. Results revealed an 

increase in the level of the groundwater between 1.0-2.0 m during the study period. The high 

level of the total suspended solid (TSS) in the infiltrated wastewater may result in slower 

infiltration with the potential to reduce the groundwater infiltration rate. Results showed that the 

current wastewater quality may pose some negative impacts to the groundwater physicochemical 

properties. Biological oxygen demand (BOD), ammonium and boron build up were noticed in all 

boreholes. Meanwhile, continuous infiltration had slightly enhanced the groundwater quality 

mainly by lowering the level of TDS, Cl- and NO3
-. This was obvious as the concentration level 

in the BLWWTP effluent was even less than that of the native groundwater  

Keywords: effluent, groundwater, infiltration basin, pollution, recharge, reuse, treated 

wastewater   
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1. Introduction 

Infiltration basins are considered as one of the management tools to reduce groundwater 

pollution mainly in arid and semi-arid areas (Qadir et al., 2007; Törnqvist and Jarsjö, 2012). The 

limited coastal aquifer in the    Gaza Strip, Palestine is suffering from a high pressure imposed by 

supplying the domestic and agricultural needs with a limited recharging rate (Hamdan et al., 

2011). The overall annual water use in the Gaza Strip is ~180 Mm3, where the overall annual 

supply is only ~120 Mm3  Leading to annual  deficit of about 60 Mm3 (Al-Dadah, 2013). This 

deficit has resulted in a continuous declination of the of groundwater level with a deterioration in 

the groundwater quality. The Palestinian Water Authority (PWA) is expecting the demand for 

fresh water to grow up to 260 Mm3 per year by 2020, an increase of some 60% over the current 

levels of abstraction from the aquifer (Al-Yaqubi et al., 2007) 

The policy of water resources management in the Gaza Strip (stated by the PWA) is to use 

nonconventional water resources such as seawater desalination, artificial recharge of 

groundwater using either storm water and/or the treated wastewater and the reuse of treated 

wastewater for irrigation  (Al-Juaidi et al., 2014). While the agricultural demand is almost 

constant since the agricultural areas are limited or even shrinking, though, the domestic demand 

is increasing  due to the rapid population growth. This leads to an increase in the amount of 

generated wastewater and the treated effluent can be a significant water resource that could 

improve the water balance in the region. The proper reuse of the wastewater can be achieved by 

either two ways: 1) direct irrigation to farms, and 2) artificial recharge to the groundwater, which 

can then be  pumped to irrigate farms  which is the aim of the current project. Previous studies 

showed public acceptance towards using reclaimed wastewater for agriculture irrigation 

(Abunada and Nassar, 2014). 

The current generated quantities of wastewater is estimated at 36.5 Mm3 every year (CMWU, 

2013; Abunada and Nassar, 2014; UNSCO, 2012) that are produced by the municipal sewerage 

systems, a figure which could rise to 57 MCM annually by 2020 (UNSCO, 2012). These 

quantities represent a real challenge as there is no proper disposal scheme. Most of these 

quantities are disposed either to the sea or flooded to the surrounding areas with limited 

treatment. Consequently, a severe damage to the environment and the ecosystem is taking place.  

Few wastewater reuse projects have been implemented by the PWA where the partially treated 

wastewater from the Beit Lahia wastewater treatment (BLWWTP) is infiltrated to the 
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groundwater at the North Gaza infiltration basin. , which is the case study in this paper. About 

35,600 m3 of the partially treated wastewater is diverted from the BLWWTP towards infiltration 

basins of an area of 90 dunums (9 hectars) every day. Currently the amount reaching from 

BLWWTP do not exceed 20,000 m3. The 35,600 m3 is the design capacity of the WWTP and 

will be reached around year 2020. Up to mid 2015, a total of 24 Million Cubic Meter were 

recharged to the groundwater through the nine infiltration basins where the nature of the aquifer 

lithology is mainly sand and silt. The recharged wastewater is then mixed with the native 

groundwater and flow naturally towards the Northern West direction. The current study main 

aim is to investigate the potential impacts of recharging partially treated wastewater on the 

groundwater in a real field study at the North Gaza infiltration basin before being pumped to 

irrigate nearby farms since 2008. The investigations were carried out by integrating a monitoring 

program and GIS technique. For this purpose, samples from the partially treated wastewater and 

the groundwater were investigated for their physiochemical and biological properties in 2011-

2014. The results were analysed and compared with the control data from the site since 2008.   

 

2. Study Area 

The Gaza Strip is situated on the south west of the coast of Palestine at a coordinate of 31° 27.54' 

N & 34° 27.03' E with a total area of 365 km2. The Gaza Strip has s 40 km long with an average 

width of 7 –12 km. The estimated population is 1.8 million inhabitants, which means the area is 

highly populated. The average annual rainfall in the Gaza Strip is about 351.4 mm yr-1 and the 

area is considered as a semi-arid area (Alslaibi et al., 2010; Alslaibi et al., 2013).  

North Gaza Emergency Sewage Treatment (NGEST) Project as shown in Figure 1 was initiated 

in 2009 at Beit Lahia city, 6 km to the North of Gaza city with the help of Multi donor trust fund 

with the World Bank as the lead donor. The program aimed at minimizing the water scarcity in 

the Gaza Strip by treating the wastewater from the entire North Gaza Governorate (the five 

municipalities) and recharge the treated wastewater into the aquifer and to recover and resue it 

for the agricultural purposes. Currently, due to delays in operation of the new WWTPm, partially 

treated wastewater from BLWWTP is infiltrated (24 MCM infiltrated since Apr 2009 up to Jun 

2015) through an artificial recharge to groundwater, which later will be pumped (through 28 to-

be-built recovery wells) to irrigate 15,000 dunums with reclaimed wastewater.  In the first stage 
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of the recovery and resue scheme only Citrus and Olives (will be categorised as restricted use 

water) will be targeted in order to ensure the safety of the reclaimed water. On later stages, after 

the WWTP fully operational and the treated WW is up to the standards, the reclaimed water will 

be categorised as unrestricted use water and can be used for all kind of crops including 

vegetables and seasonal crops. BLWWTP receives about 25,000 m3 of wastewater daily. North 

Gaza infiltration basin, is the largest wastewater infiltration basin in the Gaza Strip and was 

constructed according to the engineering standards. Its design capacity is about 35,600 m3/d and 

it can be upgraded up to 45,000 m3/d according to future plans. Currently, about 16,000 m3 of 

treated effluent from the BLWWTP is diverted daily to nine spread infiltration basins with a total 

base area of 32.4 hectares (ha) distributed to nine ponds with an average area of 3.6 ha/pond as 

shown in Figure 1.  

 

Figure (1): North Gaza infiltration basin location 
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3. Methodology 

In this study, a monitoring program and a GIS technique were used to evaluate the impacts of 

recharging partially treated wastewater to the groundwater. The data and the analysis used for 

this research were collected from literature review and field investigations.  

3.1 Monitoring Program 

3.1.1 Wells Location 

Groundwater and wastewater samples were collected from 14 selected water wells (7 monitoring 

and 6 agricultural) surrounding the entire area of the North Gaza infiltration basin, with their 

exact locations presented in Figure (2). The wells located to the west of the infiltration basin are 

representing the downstream side, (Alslaibi et al., 2011). Spatial distribution of the water wells 

showed that the water wells are forming two circles around the infiltration basin at a distance of 

300 m to ≈ 600 m from the basin which can facilitate to study the pollutant extension. 

 

Figure (2): Location map of infiltration area and monitored wells 

Well  

No. 

Well  

type 

Distance  

(m) 

Well  

No. 

Well  

type 

Distance  

(m) 

MW1 M 437 Q/15 A 705 

MW2 M 541 Q/53 A 354 

MW3 M 518 Q/54 A 918 

MW4 M 268 Q/64 A 689 

MW5 M 322 Q/20 A 1115 

Site well M 435 Q/86 A 139 

DB4 M 30 Q/56 A 516 

M:  Monitoring, A:  Agriculture 
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3.1.2 Sampling and Testing Parameters 

Physical and chemical parameters were tested for both the groundwater and wastewater samples. 

These parameters were tested in the site and in laboratories of the Environment and Earth 

Sciences Department at the Islamic University of Gaza (IUG) in the years 2011, 2012, 2013 and 

2014. Measurements of groundwater level were carried out in the boreholes, using a water-level 

indicator instrument (Dipper-T Water Level Meter-HERON). Water samples were collected 

from the 14 wells located in the downstream of North Gaza infiltration basin. One-litre 

groundwater samples were taken in an acid-washed bottles and transferred to the laboratory in 

cool boxes before were stored at 4o degrees.  Groundwater and wastewater physical parameters 

were tested in-situ including electric conductivity using portable multi-purposes meter (Multi 

340i, Germany) and pH using portable digital pH/mV meter (WITEG, W-100, Germany); other 

parameters (Nitrate, Chloride, Ammonium, COD and BOD) were measured a few hours later in 

laboratory according to the American standard methods (APHA, 2005). Boron (Br) 

concentration in groundwater and wastewater was tested using an inductively coupled plasma 

optical emission spectroscopy system (Varian, 715-ES) after samples being filtered using 0.45 

filter and acidified using 0.1M nitric acid. Composite wastewater samples at 30 min intervals for 

8 hours were collected from the effluent of the BLWWTP. Representative sample points were 

determined at high turbulence flow to ensure good mixing and sufficient volumes were collected 

to perform all required analyses plus any additional amount for quality control. Samples 

containers, preservation, and analysis were carried out according to the American standard 

methods (APHA, 2005). 

 

3.1.3 Statistical Data Analysis  

Experimental data were tested for the analysis of variance (ANOVA) assumptions before testing 

the effects of infiltration of partially treated wastewater on groundwater quality parameters. The 

F-test was used to describe this effect. A probability level, p of 0.05, was used for all statistical 

comparisons.  
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3.2 Geographic information System (GIS) technique 

The Geographic Information System (GIS) was used as a tool to illustrate the analysed results 

of the monitoring program within 600 m radius circle area around the North Gaza infiltration 

basin in the periods 2011, 2012, 2013 and 2014, respectively. There are several methods used to 

interpolate the pollutants in the unknown areas using GIS ArcMap including Inverse Distance 

Weighting, Spline and Kriging methods. The current study used the "Inverse Distance 

Weighting" (IDW), which is the most common method used to interpolate unknown points 

(Alslaibi et al., 2011). IDW is an interpolation method that estimates the cell values by 

averaging the values of a sample data points in the neighbourhood of each processing cell. The 

closer the point to the centre of the cell being estimated, the more influence, or weight it has in 

the averaging process (ArcGIS Desktop, 2010). Accordingly, IDW with variable search radius 

was used to interpolate the unknown points to calculate the value of the interpolated cells and to 

create a continuous surface or map of the prediction for locations in the study area. 

 

4. Results and Discussion 

The results of the current study focus on the analysis of the data monitoring program and the GIS 

technique for the studied infiltration basin. The results are presented in three groups: (i) 

infiltrated wastewater characteristics (ii) impact of infiltration on groundwater levels and (iii) the 

Impact of infiltration on groundwater quality. 

 

4.1 Infiltrated wastewater characteristics 

Table (1) shows a time series data of the composite wastewater samples collected from the 

BLWWTP for the last four years through the monitoring program. It can be noticed that there is 

no considerable change in the wastewater parameters mainly pH, TDS and chloride 

concentrations. However, the concentrations of other parameters such as BOD, COD, 

ammonium and TSS increased with time through the years 2008, 2011, 2012 and 2013, as shown 

in Figure (3). Increasing volumes of generated wastewater and insufficient treatment capacity of 

the BLWWTP may have resulted in  the deterioration of the effluent quality (Afifi, 2006; 

Ferreira et al., 2006).   
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Table (1): BLWWTP Effluent characteristics 

Parameter 

Concentration 

Mar. 

2008 

Mar. 

2011 

Feb. 

2012 

Jul. 

2013 

Apr. 

2014 

Temperature                           (oC) 23.8 23.4 23.7 24.1 23.5 

PH 8.1 7.38 7.29 N.A. N.A 

Electric Conductivity (EC)   

(μ.s/cm) 

1248 2850 2486 N.A. N.A 

TDS                                    

(mg/L) 

1532 1698 1541 N.A. N.A 

TSS                                        

(mg/L) 

95 80 58.5 250 138 

DO                                         

(mg/L) 

N.A 6.3 6.1 N.A. N.A 

Nitrate (NO3)                         

(mg/L) 

50.4 26 49 1.1 0.8 

Chloride (Cl)                         

(mg/L) 

289 304 304 N.A. N.A 

Ammonia (NH4)                    

(mg/L) 

4.07 4.5 4.5 88 99 

COD                                      

(mg/L) 

266 205 195 450 372 

BOD5                                     

(mg/L) 

109.3 95 72.5 240 190 

BOD5/COD                           (%) 0.5 0.46 0.37 0.53 0.51 

Boron                                     

(mg/L) 

0.308 0.352 N.A N.A. N.A 

 

Figure (3): Variation of BLWWTP Effluent characteristics 
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4.2 Impact of infiltrated wastewater on the groundwater levels  

Generally, groundwater lateral flow direction in the Gaza Strip is from east towards the 

Mediterranean sea in the west. However, due to the water mound created by the artificial 

recharge of the wastewater in the study zone, the direction of the groundwater flow becomes 

radial outward from the infiltration basins. The area is surrounded by monitoring and irrigation 

water wells and monitoring the water level in these wells gives an approximate indication on the 

influence of the wastewater infiltration on the groundwater levels.  

There is no available data related to the groundwater level in these monitoring wells in 2008 

since their entire were constructed after year 2008 which is the base line of this study. Thus, the 

comparison of groundwater level effect with time was done during the operating years only. 

Figure (4) shows no noticeable change in the groundwater levels in the monitoring wells in 2011 

and 2012 while the groundwater level slightly decreased in 2013 and 2014. This is suggested to 

be caused by the reduction of the infiltrated wastewater quantity from 16,000 to 8,000 m3/d in 

year 2013 and 2014. However, the groundwater level in the agricultural wells was fluctuated up 

and down due to the subsequent effect of infiltration and pumping process. Results showed 

obvious amount being recharged to the groundwater due to the application of infiltration. 

However, the continuous abstraction through the irrigation wells in the vicinity of the area 

eliminated the influence of these quantities on the groundwater levels as shown in Figure (4). 

Yet, an overall increase of the groundwater level in the area with time was noticed due to the 

small quantity of infiltrated wastewater (16,000 m3/d) which might be of great impact once the 

basin being recharged with its full capacity of (35,600 m3/d).  

 

  



 
 

 

Technical Report: Evaluating Impacts of Recharging Partially Treated Wastewater on 

Groundwater Aquifer 2015 

11 

 

Figure (4): Groundwater level near the infiltration basin a, b, c and d in years 2011, 

2012, 2013 and 2014 
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4.3 Impact of wastewater infiltration on groundwater quality 

The operating water wells in addition to the effluent recharge basins were selected to study the 

influence of effluent infiltration on the native groundwater quality.  

4.3.1 TDS 

The monitoring data of the TDS level showed insignificant increase in TDS over the monitoring 

period as illustrated in Figure 5. This may be due to the close level of the TDS concentration in 

the BLWWTP effluent compared with native groundwater (Figure 5). The TDS concentrations in 

the study area range between 965 and 1948 mg/l, depending on the layer from which the water is 

pumped. The influent to the BLWWTP is collected from within the Gaza northern area where the 

TDS level in the water network is in the range of ~1000 mg/l. Consequently, the sewage has 

naturally almost the same TDS level as this is not been targeted by the treatment processes in the 

wastewater treatment plant. The chemical analyses for samples from the BLWWTP effluent 

showed that the TDS level is in the same range (1500 to 1700 mg/l). 
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Figure (5): TDS concentration near the infiltration basin a, b, c and d in years 2011, 

2012, 2013 and 2014  
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4.3.2 Chloride 

The monitoring data showed that there is a significant reduction in the chloride ion concentration 

over the monitoring period (p<0.05) in the surrounding wells of North Gaza infiltration basin. 

This was obvious as the concentration level in the BLWWTP effluent was even less than that of 

the native groundwater (Figure 6). From the chemical analyses of BLWWTP effluent, the 

chloride level was found to be around 300 mg/l. The same concentration was found in most 

surrounding wells in year 2013 except agricultural wells (Q64 and Q20) due to over pumping (70 

m3/h) which leads to local mixing of saline water with groundwater and hence increases the 

level of chloride. This is also supported by the high concentration of high level of the dissolved 

salts (1860 mg/l) and electrical conductivity (2900 μ.s/cm) for the same two wells compared with 

others. In addition, most of the surrounding wells especially MW1, MW2 and Q54b have 

anticipated a drop in chloride concentration mainly for years 2013 and 2014 due to the 

aforementioned reason, as well as wells number Q15, Q53 and Q54b compared with the base 

line year 2008 as shown in Figure (6). This means the chloride concentration in groundwater was 

highly affected by the original level experienced at the BLWWTP effluent. This suggests that the 

Northern Gaza infiltration basin has reduced the salinity of the recharged BLWWTP effluent 

expressed in chloride level through the filtration to the aquifer. This reduction also agrees with 

the results reported by (Icekson-Tal and Blanc, 1998) where they found that the SAT system 

reduced the level of the chloride in the effluent in the Dan Region from 289 mg/l where it was. 
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dropped down to 266 mg/l due to the SAT effect.

 

 
Figure (6): Chloride concentration near the infiltration basin a, b, c and d in years 2011, 

2012, 2013 and 2014 
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4.3.3 Nitrate 

Figure (7) presents the development of the nitrate level over the monitoring years. A significant 

drop in nitrate concentrations was observed in all monitored wells compared with the base line 

2008 year (P<0.05). This drop was obvious in wells SW, DB4, MW3, MW5 and Q53. This could 

be linked to the drop in nitrate levels in the effluent (from BLWWTP) comparing the baseline 

year with the operis much less than the nitrate level in all of the surrounding monitored wells.  

This might be due to their close location to the infiltration basin (about 300 m around the 

infiltration basins). On the other hand, the nitrate level showed insignificant decrease in wells 

Q15, Q64 and Q20, which are furthest from the infiltration basin (about 600 m around the 

infiltration basins) over the years 2008 to 2013. This could be also due to the intensive use of 

fertilizers by farmers in that area. However, results indicated that the nitrate concentration was 

within or even less than the WHO standard in most surrounding wells after four years of 

wastewater infiltration (i.e. in 2014) as shown in Figure (7). Results showed that the nitrate level 

in the surrounding wells was even better than elsewhere in Gaza Strips where most of the water 

wells in the Gaza Strip suffer high nitrate level (Alagha et al., 2014). Similar results were also 

reported for the Dan Region case where the total nitrogen in the applied effluent decreased from 

10.8 to 3.19 mg/l through the SAT processes showing nitrogen removal of about 70.5% 

(Icekson-Tal and Blanc, 1998). 
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Figure (7): Nitrate concentration near the infiltration basin a, b, c and d in years 2011, 

2012, 2013 and 2014 
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4.3.4 Ammonia 

The monitoring results of the Ammonia (NH3) from the infiltration basin at North Gaza 

infiltration basin site showed a significant increase especially in year 2013 and 2014 where the 

maximum level of Ammonia was 1.83 mg/l and 3.66 mg/l for 2013 and 2014, respectively. This 

suggests a significant increase compared with previous years and the 2008 baseline year (0.1 

mg/l). Moreover, it was noticed that level of NH3 for the wells SW, MW4, MW5 and Q53, 

which lie within a 300m from the infiltration basin as shown in Figure (8) is also above 

allowable limit of FAO standards for irrigation (5-30 mg/l) after four years of wastewater 

infiltration (2014) compared with previous years. This is might be due to the high concentration 

of Ammonia in the BLWWTP effluent in year 2013 and 2014 (88 mg/l) compared with that 

concentration in 2011 (4.5 mg/l) as shown in Figure (8). This could be one of the main 

drawbacks of the artificial recharge using wastewater effluent.  

Figure (8) showed that the infiltration basin contributes in reducing the groundwater quality 

regarding Ammonia as a result of increasing its concentration in BLWWTP effluent in 2013 and 

2014 than it was in 2011 and 2012 and hence increasing the plumed contaminated area. 
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Figure (8): Ammonia concentration near the infiltration basin a, b, c and d in years 2011, 

2012, 2013 and 2014 
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4.3.5 BOD 

It is noted that the wells SW, MW4, DB4, Q86, which is the closest to the infiltration basin have 

higher BOD concentration than the rest of the wells in 2013, which ranged between 2-25 mg/l. 

However, there is no available data for BOD concentration in the wells for year 2014. According 

to Palestinian slandered, the recommended levels for agricultural use is less than 20 mg/l for 

most crops, excluding raw eaten vegetables (Haruvy, 1997; World Bank, 2004). Moreover, the 

degree of contamination for 2013 higher than it was in 2011 as shown in Figure (9). It was 

caused due to the high concentration of BOD in BLWWTP effluent in year 2013 compared with 

it was in 2011, which were 110 mg/l and 95 mg/l, respectively. That means the BOD 

concentration in groundwater was highly affected with its concentration in BLWWTP effluent. 

In other words, the latter well results in 2013 indicate clear negative influence on native 

groundwater on BOD as SAT is not efficient in removing BOD from the infiltrated partially 

treated wastewater with high BOD concentration as shown in Figure (9). In addition, the plumed 

area gradually spread through 2011–2013 in the direction of groundwater flow 
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Figure (9): BOD concentration near the infiltration basin a, b, c and d in 

years 2011, 2012, 2013 and 2014 
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4.3.6 Boron 

From an agricultural aspect, Although boron is an essential micronutrient for plants, yet it may 

cause toxicity to sensitive crops when the concentrations in irrigated water exceeds 0.7 mg/l 

(Misstear et al., 2006). Boron concentrations monitored in the infiltrated effluent from 2008 until 

2013 showed a fluctuated level of boron where it ranged from 0.31o 0.35 mg/l as shown in 

Figure (10). This level has negatively affected the water quality in the neighbouring wells, 

mainly the closest to the infiltration basins. The boron concentrations ranged between 0.02 and 

0.05 mg/l in 2008 (before infiltration started) and jumped up to 0.4-1.56 mg/l and 0.3-1.22 mg/l 

in 2011 and 2013, respectively (Figure 16). Other wells have also showed a significant rise in 

boron concentrations. Boron increased from 0.018 mg/l in 2008 to 1.527 mg/l in 2011 in the 

wells Q15, Q53 and Q54b, before it dropped down to 1.0, 0.4 and 0.8 mg/l in 2013, respectively. 

These results reflect the influence of the native groundwater on boron as SAT system does not 

improve the removing efficiency. The analyses of other chemical parameters carried out in 2013 

of the effluent and water from surrounding water wells are shown in Table (2). Yet, there is no 

available data of boron concentration in wells for years 2012 and 2014. 

The study conducted at the Dan Region area, boron was removed during percolation in the early 

stages. However, after several months, boron were gradually increased in the recovery wells until 

it reached the same concentration as the effluent (Icekson-Tal and Blanc, 1998) with an 

indication of the degraded efficiency of the  SAT system. Boron removal was minimal (1.8%) as 

its level was 0.54 mg/l in the applied effluent same as the level in the groundwater (Icekson-Tal 

and Blanc, 1998). Another study was conducted by Hamdan et al. (2011). It investigated the 

potential impacts of Gaza infiltration basin on surrounding groundwater aquifer. Results showed 

an increase in the boron level for the first stage of infiltration before it was decreased after few 

years. This fluctuation refers to the quality of infiltrated wastewater.   
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Figure (10): Boron concentration near the infiltration basin a and b in years 2011 and 2013 

  

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

SW DB4 MW1 MW2 MW3 MW4 MW5 Q15 Q53 Q64 Q20 Q86 IWW

m
g
/L

Well Name

2011 2013



 
 

 

Technical Report: Evaluating Impacts of Recharging Partially Treated Wastewater on 

Groundwater Aquifer 2015 

24 

Table (2): Water quality of wells surrounding the infiltration basins in year 2014 

Parameter 
Well ID [Year, Apr 2014]  

SW DB4 MW1 MW2 MW3 MW4 MW5 Q15 Q53 Q56 Q64 Q20 Q86 

X GPS 31.5019

58 

31.5050

65 

31.5044

76 

31.5062

52 

31.5084

08 

31.5024

97 

31.5031

56 

31.5108

88 

31.507

84 

31.5107

31 

31.5151

93 

31.5055

91 

31.5019

58 
Y GPS 34.5104

7 

34.5135

91 

34.5090

41 

34.5081

92 

34.5101

68 

34.5127

45 

34.5164

28 

34.5114

85 

34.514

77 

34.5158

02 

34.5128

17 

34.5147

55 

34.5104

7 
Water Level NA -0.685 

 

-0.43 -2.565 -0.785 4.845 -0.54 NA 

 

NA 2.58 

 

2.12 

 

1.66 

 

2.53 

 PH 7.1 6.9 7 6.9 7 6.9 6.9 7.1 6.9 7.1 7.2 7.1 7.1 

DO 3.15 4.27 3.73 3.29 4.4 4.18 3.22 2.97 5.29 3.95 4.05 3.7 3.15 

TDS 1235 1536 1306 1357 1440 1434 1344 1331 1324 1670 1267 1446 1235 

EC                      

(μ.s/cm) 

1930 2400 2040 2120 2250 2240 2100 2080 2070 2610 1980 2260 1930 

Nitrate (NO3)      

(mg/L) 

70 4 22 66 20 8 23 48 4 176 40 27 70 

Chloride (Cl)       

(mg/L) 

328 376 326 344 354 388 360 344 370 436 430 368 328 

Ammonia (NH4)  

(mg/L) 

3.66 4.88 0.061 1.22 1.22 7.32 4.88 1.22 7.32 0.122 0.122 7.32 3.66 

Boron 0.3 0.3 0.6 0.99 1.2 0.22 0.44 1 0.4 0.8 1.1 0.88 0.43 

N.A: Not Available 

All units in mg/L except pH, ZM (m) and EC (μ.s/cm) 
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Conclusion 

Infiltrating inadequately treated wastewater can pose some risks to groundwater physicochemical 

and biological properties. Although the quantity of effluent infiltrated to the aquifer is currently 

small compared to the designed capacity amounts, it has had a slight positive impact on 

improving the continuous declined water table, which rose between 1.0-2.0 m. Recharged 

effluent had negative impact on the BOD and ammonium concentrations in the aquifer and is a 

challenge for artificial recharge of groundwater under the local conditions. In addition, 

continuous recharge effluent with high concentration of TSS will lead to low rate of infiltration 

due to clogging and thus early failure of SAT system. Moreover, the trend of boron 

concentrations is a concern as concentrations in the aquifer exceed the FAO recommended value 

of 0.7 mg/l. In areas with a high boron level in effluent, it is recommended to use conventional 

treatment technologies (metal hydroxide precipitation) to reduce the boron level. Adsorption is 

another recommended technology for boron reduction. However, a positive decrease in the TDS, 

chloride and nitrate concentrations in the recipient aquifer was observed. Consequently, the 

quality of infiltrated wastewater highly affects the quality of the groundwater in the area. 

Increasing the quality of generated wastewater from BLWWTP will lead to enhancement of the 

groundwater quality. 
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