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Abstract: The three wastewater treatment plants in Gaza Strip, Palestine, rely 
on old technologies that have proved to be unable to solve the existing 
problems. Sludge management is not currently considered in detail in Palestine 
and the area will face challenges of sludge management in the near future after 
the construction of ongoing and planned projects in the Gaza Strip. The paper 
focuses on the determination of the quantity and quality of existing and future 
sludge in the Gaza Strip based on the available literature, current and planned 
wastewater treatment systems, present population data, and future population 
forecasts for the Gaza Strip. Sludge currently generated in the Gaza Strip is 
difficult to quantify. No measurements are taken and there are no previous 
estimates of sludge quantities. Estimates suggest that around 400 m3 of sludge 
is produced daily from the secondary treatment facility in the Gaza treatment 
plant. The analyses show that sludge is almost free of heavy metals and rich in 
nutrients such as nitrogen and phosphorus. The quantities of sludge estimated 
by the year 2025 in all Gaza Strip are 55.74 thousand kilograms of dry  
solids daily. The sludge is expected to consist of 1–2% dry solids which mean 
that 3,716 m3 of sludge will be generated daily in the Gaza Strip by the  
year 2025. These quantities will be a real challenge for the local authorities. 
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1 Introduction 

In the Gaza Strip, there is a desperate need for rehabilitation of the current wastewater 
collection, treatment, and disposal systems. Treatment systems, if they exist, are  
under-designed and rely on old technologies that have proved to be unable to solve the 
existing problems. Partially treated wastewater is disposed of either into  
the Mediterranean Sea or by flooding agricultural land, both of which were banned as a 
practice in most European countries and in the USA years ago due to their proven health 
risks for fish, biota and humans (SOGREAH, 1998). 

The sludge management challenges are not currently considered in detail in Palestine 
due to the lack of proper treatment systems. However residents of the Gaza Strip will face 
challenges after the construction of such ongoing and future projects related to the 
wastewater management sector in the Gaza Strip. 

Planning and design of any sludge treatment and disposal system requires 
determining the quantity and the composition of existing and future sludge generated in 
the area. The paper focuses on the determination of the quantity and quality of existing 
and future sludge in the Gaza Strip based on the available literature, current and planned 
wastewater treatment systems, present population data, and future population forecasts 
for the Gaza Strip. 

2 Existing wastewater treatment in the Gaza Strip 

There are three wastewater treatment plants in operation in the Gaza Strip: Jabalia 
Wastewater Treatment Pant (WWTP) in the North, Gaza WWTP in Gaza City and Rafah 
WWTP in the South. The type of treatment, quantity and final disposal of each plant is 
summarised in Table 1; note that the WWTP at Beit Lahia is often referred to as Jabalia 
WWTP. 

Table 1 Existing treatment plants in the Gaza Strip 

Location 
Treatment 
method 

Quantity of treated 
wastewater (m3/day) Final disposal Remarks 

Beit 
Lahia 
(Jabalia) 

Stabilisation 
ponds and 
aerated lagoons 

8,000–10,000 Surrounding sand 
dunes 

The treatment plant is 
overloaded, and poorly 
managed 

Gaza Anaerobic ponds 
followed with 
bio-towers 

40,000–45,000 75% to the sea and 
25% infiltrated to 
the ground aquifer 

The treatment plant was 
rehabilitated in 1999 to 
treat a maximum design 
flow of 32,000 m3/day 

Rafah One aerated 
lagoon 

3,000–4,000 To the sea The plant is overloaded, 
and poorly managed 

Source: Data compiled by authors, 2001 

In general three existing treatment plants provide only partial treatment of the 
wastewater. Table 2 presents analyses carried in the Gaza Laboratory for both influent 
and effluent of the three treatment plants. Concerning organic matter, Gaza treatment 
plant achieves more than 90% removal of BOD and COD. The percentage nitrogen 
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removal in all plants is very low and in some plants there is no difference between 
influent and effluent concentrations. No treatment processes are provided for pathogen 
removal. Sometimes, the number of faecal coliforms in the effluent is higher than the 
influent. This is due to the evaporation from ponds, which increase the concentration. 
Septage from unsewered areas is disposed directly into the ponds. The quality of the 
influent is not affected by septage while the effluent does. Facilities have been provided 
for disinfection of effluents at Gaza, but currently no treated effluents are disinfected. 
The facilities at Gaza are not operational because they have not been maintained. Also, 
disinfectants are expensive, and Israel does not permit import of chlorine-based products. 

Table 2 Quality of influent and effluent of wastewater in the Gaza Strip 

 Beit Lahia  Gaza  Rafah 

Parameter Influent Effluent Influent Effluent Influent Effluent 

pH 7.84 7.2 7.4–7.85 7.6–7.83 7.38 7.48 

Temperature (°C) 16.1 15 14–20.7 16–19 23.5 22.2 
Sett. solids (mgl/l) 6 TR 3.5–38 TR–0.7 13 0.1 
TS (mg/l) 1,888 1,480 1,472–3960 1,024–1,536 2,140 1,610 
TDS (mg/l) 1,471 1,445 1,094–2,267 905–1,503 1,518 1,484 
TSS (mg/l) 417 35 244–1,693 31–79 622 126 
TVSS (mg/l) 370 30 212–1,397 24–57 550 110 
NO3

–-N (mg/l) 0 0 0 1.6–2.37 – – 
NH3 -N (mg/l) 61.6 54.6 51–70 41–47.6 88 63.6 
TKN-N (mg/l) 102.7 75.6 74 57 128.8 88.2 
Cl– (mg/l) – – – 340–400 – – 
PO4

3– (mg/l) – – – 6.89–9 – – 

BOD5 (mg/l) 420 40 360–1,600 35–41 760 240 
COD (mg/l) 1,078 120 608–3,100 114–162 1,298 556 

F.coliform/100 ml 4 × 108 8 × 105 2 × 108–5 × 109 3 × 106–3 × 107 2 × 109 7.5 × 107 

TR: Trace. 
Source: Gaza Municipality Lab (2001) 

A monitoring programme for wastewater quality was carried out in the Gaza Strip in  
July 2001 (IUG/CDG/ONEP, 2002). Six different locations around the Gaza Strip  
were monitored for one week, and composite samples were taken every 15 minutes over 
a 48 hour period consisting of one working day and a holiday. Around 40–50 houses 
were monitored per area to have the same quantities of flow during monitoring.  
The samples were tested for a range of physical, chemical and microbiological quality 
parameters. The main concern was assumed to be associated with heavy metal pollution, 
but results (see Table 3) show that all samples contained no significant heavy metal 
concentrations. Comparing Gaza figures with international figures shows that heavy 
metal average concentration in wastewater in the Gaza Strip is less than the concentration 
of international figures. Heavy metals concentration in the Gaza wastewater varies from 
4% for Cd up to 34% for Zn compared with international figures. 
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Table 3 Heavy metal concentrations in raw sewage at different locations in the Gaza Strip 

Parameter 
(mg/l) Shejaia Shaboura Radwan Jabalia Remal

Tel 
Sultan 

Average 
(mg/l) 

Maximum 
(mg/l) 

Typical international 
figures (mg/l)* 

Pb  0.00 0.00 0.00 0.14 0.01 0.00 0.03 0.14 0.1 

Fe  1.46 1.78 0.53 6.06 2.12 1.45 2.23 6.06 – 

Co  0.00 0.03 0.13 0.16 0.13 0.09 0.09 0.16 – 

Cu l 1.35 0.00 0.00 0.13 0.00 0.00 0.25 1.35 1.0 

Hg  0.02 0.26 0.03 0.28 0.02 0.16 0.13 0.28 0.1 

Zn  0.08 0.21 0.03 0.34 0.07 1.27 0.34 1.27 1.0 

Cd 0.00 0.01 0.04 0.13 0.00 0.03 0.04 0.13 1.0 

Source: IUG/CDG/ONEP (2002); *Crites and Tchbanoglous (1998) 

In summary, raw wastewater in the Gaza Strip is strong regarding organic load.  
The estimated organic load is 45–55 g/c/d (SOGREAH, 1998). Water use (100 l/c/d) in 
the area is low compared with international figures (>150 l/c/d). This is due to the 
scarcity of water, its salinity and its high concentration of nitrates. Water use is  
around 100 l/c/d and approximately 80% of the water used is returned as wastewater 
(IUG/CDG/ONEP, 2002). The combination of organic load and low water use means that 
the organic concentration of the wastewater is high. Wastewater in the Gaza Strip is 
relatively free of contamination by heavy metals. This is due to the limited number of 
industries, and the fact that most wastewater is from domestic sources. This suggests that 
the treated wastewater and sludge could be applied to crops with minimal risk of heavy 
metal accumulation. 

3 Future wastewater plans 

After the establishment of a Palestinian Authority in 1994, attention has been paid to 
improving environmental conditions in Palestine. New plans were prepared to construct 
new wastewater treatment plants. The Palestinian Authority intends to construct three 
treatment plants to serve the entire Gaza Strip. One will be in the Northern area to serve 
the Northern part of the Gaza Strip (Jabalia, Beit Lahia and Beit Hanon). A second, and 
the largest of the three, will be in the middle to serve Gaza City and the Middle Area of 
the Gaza Strip. One more is planned in the South to serve the Khan Younis and Rafah 
areas. 

The development plans of MOPIC estimates that the standard of living in Palestine 
will be improved and the Palestinian water demand will raise from 100 l/c/d nowadays up 
to 140 l/c/d by 2010. The estimated wastewater generation in 2010 is predicted to  
be 112 l/c/day. This means that 123,535 m3/day of wastewater will be generated in the 
Gaza Strip by the year 2005, and flows will increase up to 326,000 m3/day by 2025, 
which is the end of the design period for the planned treatment plants. Table 4 illustrates 
population forecasts, water use and wastewater generation in the Gaza Strip. Calculations 
are based on population estimated from MOPIC (1997), water use of 115 l/c/day for the 
year 2005 and 140 for years 2015 and 2025 where 80% returns as wastewater. 
 



     

 

   

 

   

    Assessment of existing and future sewage sludge characterisation 71    
 

    
 
 

   

 

 

       
 

Table 4 Wastewater forecast in the Gaza Strip 

2005 2015 2025 

Area Population Wastewater (m3/day) Population Wastewater (m3/day) Population Wastewater (m3/day) 

Northern area 1,98,234 18,238 2,58,495 28,951 3,18,892 35,716 

Gaza and 
middle area 

6,94,583 63,902 1,091,504 122,248 1,385,860 1,55,216 

Khan Younis  
and Rafah 

4,49,954 41,396 9,37,466 1,04,996 1,205,676 1,35,036 

Total 1,342,771 1,23,535 2,287,465 2,56,196 2,910,428 3,25,968 

Source: Author calculation based on population estimated from  
SOGREAH (1998) 

4 Sludge quantity 

The quantity and the composition of wastewater sludge produced are difficult to 
determine. The quantity and nature of sludge is based on the type of treatment system 
(aerobic and anaerobic), quality of raw wastewater and the efficiency of treatment plant. 

4.1 Current sludge quantities 

Sludge currently generated in the Gaza Strip is difficult to quantify. No measurements are 
taken and there are no previous estimates of sludge quantities removed from ponds.  
The sludge produced in Jabalia and Rafah treatment plants is kept in the ponds for several 
years and when desludged, it is kept in the sand dunes around the treatment plant without 
any treatment. Such dispose could pollute the groundwater in the area through increasing 
the concentration of nitrate. In the Gaza treatment plant, eight drying beds were 
constructed with a surface area of 430 m2 each. Sludge drying beds are operated 
unsatisfactorily and large quantities of sludge are disposed of in the unused areas of the 
treatment plant. After partial drying, the sludge is transported to solid waste dumpsites 
within the Gaza Strip. Due to the high cost of transporting and land filling of dry sludge, 
it is kept in the treatment plants where it mixed with sand or fly due to wind into the 
adjacent agriculture areas. Estimates suggest that around 400 m3 of sludge is produced 
daily in the Gaza treatment plant excluding the quantities accumulated in the ponds, 
which is estimated to be 50,000 m3/year from the three treatment plants. The estimates 
are based on the measurement taken by the authors using flow measurement and the 
theoretical calculations carried by the authors depending on the treatment process, 
quantity and quality of the influent and the effluent of wastewater. 

4.2 Future sludge quantities in the Gaza Strip 

The master plan carried by SOGREAH (1998) for sewerage and storm water drainage in 
the Gaza Strip. Governorates made estimates for future population and wastewater 
generation rates. As described in Section 4.3, according to the master plan, three 
wastewater treatment plants will serve the whole population of the Gaza Strip. Table 5 
presents forecasts for the population, expected wastewater flows and sludge quantities by 
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year 2025. The study proposed that oxidation ditches (an extended aeration version of the 
activated sludge system) would be used for wastewater treatment in all three treatment 
plants with an F/M ratio of 0.1–0.2 g BOD per day per g MLSS. The quantity of solids as 
dry matter was calculated based on the following formula (Hammer, 1986): 

Ms = K × BOD (1) 

where 

Ms = Biological sludge solids, g of dry mass per day 
K = Fraction of applied BOD that appears as excess solids 
BOD = BOD in applied wastewater, gram per day. 

Table 5 Wastewater and sludge quantities in the Gaza Strip by 2025 

 Northern area Gaza and middle area Khan Younis and Rafah Total 

Population 3,18,892 1,385,860 1,205,676 2,910,428 
Wastewater (m3/d) 35,716 1,55,216 1,35,036 3,25,968 
Sludge (kilogram 
dry solids/day) 6,107 26,542 23,091 55,740 

Source: Authors calculations based on SOGREAH population  
forecast (1998) 

Based on an F/M ratio of 0.15 and according to Hammer (1986), K = 0.38. The quantities 
of sludge estimated by the year 2025 is presented in Table 5. 

The sludge is expected to consist of 1–2% dry solids, which means that 3,716 m3 
daily of sludge will be generated in the Gaza Strip by the year 2025. 

5 Sludge composition 

The sludge resulting from wastewater treatment plants is usually in the form of a liquid or 
semi-solid liquid that typically contains from 0.25–12% solids by weight (Metcalf and 
Eddy, 1991). The solid phase consists principally of organic matter, derived from human, 
animal and food wastes. Other constituents are trace contaminants (metals and persistent 
organic compounds) mainly from industrial waste, and bacteria, some of which may be 
pathogenic. Nutrients like nitrogen, phosphorus, potassium and some trace metals are 
present in sludge and the nutrient content of sludge makes it potentially useful as a 
fertiliser. 

The characteristics and the amounts of sludge generated depend on the characteristics 
of the raw wastewater and the treatment plant process. Sludge can contain not only 
organic and inorganic matter, but also bacteria and viruses, oil and grease, nutrients such 
as nitrogen and phosphorus, and heavy metals (Metcalf and Eddy, 1991). 

Of the constituents removed from wastewater by treatment, sludge is by far the 
largest in volume, and it’s processing and disposal is perhaps the most complex problem 
facing the engineer in the field of wastewater treatment (Metcalf and Eddy, 1991).  
Table 6 illustrates typical chemical composition and properties of untreated and digested 
sludge. 
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Table 6 Typical chemical composition and properties of untreated and digested sludge 

Untreated primary sludge Digested primary sludge 

Parameter Range Typical Range Typical Activated sludge range 

Total dry solids (TS, %) 2.0-8.0 5.0 6.0–12.0 10.0 0.83–1.16 

Volatile solids (% of TS) 60–80 65 30–60 40 59–88 

Protein (% of TS) 20–30 25 15–20 18 32–41 

Nitrogen (N, % of TS) 1.5–4 2.5 1.6–6.0 3.0 2.4–5.0 

Phosphorus (P2O5, % of TS) 0.8–2.8 1.6 1.5–4.0 2.5 2.8–11.0 

Potash (K2O, % of TS) 0–1 0.4 0.0–3.0 1.0 0.5–0.7 

Cellulose (% of TS) 8.0–15.0 10.0 8.0–15.0 10.0 – 

Iron (not as sulphide) 2.0–4.0 2.5 3.0–8.0 4.0 – 

Silica (SiO2, % of TS) 15.0–20.0  10.0–20.0 – – 

pH 5.0–8.0 6.0 6.5–7.5 7.0 6.5–8.0 

Alkalinity (mg/l as CaCO3) 500–1,500 600 2,500–3,500 3,000 580–1,100 

Source: Metcalf and Eddy (1991) 

To treat and dispose of sludge produced from wastewater treatment plants in effective 
manner, it is important to know the characteristics (both quantity and composition) of the 
sludge to be processed. The characteristics vary depending on the origin of the sludge, 
and the type of treatment processing to which the sludge been subjected. 

Attention has only recently (since 1996) been paid to sludge quality in the Gaza Strip. 
Previously, the concern of Palestinians was concentrated on how to dispose of the sludge 
from treatment plants. First analyses of sludge composition were carried out in 1996 
within the framework of the project “Feasibility study and master plan for Khan Younis 
sewerage system” (Pacific Consult, 1996). Samples of sludge accumulated in both Gaza 
and Rafah treatment plants were collected and analysed to establish their physical and 
chemical composition. A summary of the results is shown in Table 7. 

Table 7 Quality of sludge in Gaza and Rafah treatment plants 

Rafah wastewater treatment plant  Gaza wastewater treatment plant 
 Sample  

C-1 
Sample 

C-2 
Sample 

C-3 
Sample 

C-4 
Sample 

C-5 
Sample 

C-6 

BOD5, mg/l 9,861 4,243 6,711 6,858 11,022 10,135 
COD mg/l 26,656 7,278 13,176 27,300 26,014 381,107 
T-N, mg/l 319.2 210.4 238.8 211.8 245.5 501.4 
T-P, mg/l 124 175 198 215 266 228 
Specific gravity, kg/l 1.479 1.372 1.249 1.149 1.52 1.263 
Water content,% 30.3 23.9 27.2 24.1 52.9 72.1 
Volatile solids, 
mg/kg dry basis 588,700 107,280 141,440 143,026 256,800 641,232 

Potassium (K), mg/l 211.30 134.7 14.55 92.60 114.47 187.70 
Copper (Cu), mg/l 26.52 4.07 15.32 11.67 18.55 15.90 
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Table 7 Quality of sludge in Gaza and Rafah treatment plants (continued) 

Rafah wastewater treatment plant  Gaza wastewater treatment plant 
 Sample 

C-1 
Sample

C-2 
Sample

C-3 
Sample 

C-4 
Sample

C-5 
Sample

C-6 
Zinc (Zn), mg/l 108.67 37.50 91.12 63.90 73.92 190.77 
Cadmium (Cd), mg/l 0.03 0.00 0.00 0.00 0.00 0.00 
Lead (Pb), mg/l 11.37 5.05 6.52 8.22 10.75 15.40 
Iron (Fe), mg/l 2,805.8 1,870.8 2,516.60 1,184.6 1,325.42 1,281.9 
Manganese (Mn), 
mg/l 20.37 19.97 14.55 10.87 9.55 20.17 

Total Chromium 
(Cr), mg/l 12.82 2.82 8.82 2.70 2.75 6.57 

Arsenic (As), mg/l 0.00 0.00 0.00 0.00 0.00 0.00 
Mercury (Hg), mg/l 0.00 0.00 0.00 0.00 0.00 0.00 

Source: Pacific Consult (1996) 

The analyses show that sludge is almost free of heavy metals and rich in nutrients such as 
nitrogen and phosphorus. Compared with international figures given by Crites and 
Tchbanoglous (1998) (see Table 8), sludge in the Gaza Strip is almost free from heavy 
metals; this is due to the limited industrial activities in the area. 

Table 8 Heavy metal concentration in sludge in international figures and the Gaza Strip 

Parameter 
Typical international value 

(mg/kg) 
EPA median value 

(mg/kg) 
Gaza Strip* 

(mg/kg) 
Arsenic 10 10 0 
Boron 33 – – 
Cadmium 16 10 0.006 
Cobalt 4 30 – 
Chromium 890 500 – 
Copper 850 800 18.7 
Mercury 5 6 0 
Manganese 260 260 19.4 
Molybdenum 30 4 – 
Nickel 82 80 – 
Lead 500 500 11.6 
Zinc 1,740 1,700 114.9 

Source: Crites and Tchobanoglous (1998); *The Author’s calculations  
based on Table 7 
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6 Conclusions 

• The existing treatment plants in the Gaza Strip provide limited treatment. This is due 
to overloading, poor management and limited resources. 

• Existing sludge management and handling is unsatisfactory and improved 
management is required to protect the degraded environment in the Gaza Strip. 

• Constructing new treatment plants using oxidation ditches based on activated sludge 
will generate more sludge. More than 3,716 m3/day of raw sludge will be generated 
in the Gaza Strip by the year 2025. This will increase the current sludge problem and 
make it more important that safe and healthy sludge management practices and 
policies are followed. 

• Analyses of sludge indicate that it is free from heavy metals and other chemical 
pollutants, which mean that sludge, could be safe if it is used as a soil fertiliser. 
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