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 ملخص الذراسة : 

 

ذساست انٗ ححذٚذ خٕاص انحًأة انُاحدت يٍ احٕاض انًؼاندت يٍ يحطت انشٛخ ػدهٍٛ ٔيذٖ يلائًخٓا ْذفج ْزِ ان

ْٕائٛا  ٓاحى اخذ انؼُٛاث يٍ يحطت انشٛخ ػدهٍٛ نًؼاندت انًٛاِ انؼاديت ، ٔ حدفٛفت اسخخذايٓا فٙ انضساػت . ٔصلاحٛ

 حج دسخت حشاسة انغشفت.يى ثى حخضُٚٓا فٙ اكٛاط بلاسخٛكٛت ح 2ٔ حُخٛهٓا باسخخذاو يُخم 

حى اسخخذاو طشق انخحهٛم انًؼٛاسٚت انقٛاسٛت نخحذٚذ : كثافت انحًأة ، انخٕصٚغ انحبٛبٙ، قذسة انحًأة ػهٗ الاحخفاظ 

بانًاء، حدى انفشاغاث، دسخت انحًٕضت، انخٕصٛم انكٓشبائٙ، يحخٕٖ انحًأة يٍ الإََٛاث ٔانكاحَٕٛاث، َٛخشٔخٍٛ 

Kjeldahl ٛانؼضٕ٘ انكهٙ، دسخت كشِ  ٌٍ انًخسٓهك حٕٛٚا، الاكسدٍٛ انًسخٓهك كًٛٛائٛا، انكشبٕانكهٙ، الاكسد

 حأثٛش انحًأة ػهٗ الاسخخذاو انضساػٙ.  ٔكزنك يحخٕٖ انحًأة يٍ انؼُاصش انثقٛهتانًاء، 

،  3خى/سى 2.12بًُٛا انكثافت انحقٛقٛت  3خى/سى 1.18انخحانٛم اٌ انكثافت انكهٛت نهحًأة حسأ٘ حقشٚبا  أظٓشث َخائح

، ٔحذسج   (µm 200-630) %، أظٓش انخذسج انحبٛبٙ اٌ يؼظى انخذسج ٚشبّ حذسج انشيم50َسبت انفشاغاث حقشٚبا 

، ايا دسخت انحًٕضت انحًأة فٓٙ حخدّ فٙ الاحداِ انحايضٙ، بًُٛا (µm 20-200)قهٛم ٚشبّ حذسج انطٍٛ ٔانطًٙ

ث انحًأة ػهٗ َسبت ػانٛت يٍ َٛخشٔخٍٛ كهذال انكهٙ ، احخٕ mS/cm2.49 دسخت انخٕصٛم انكٓشبائٙ فخسأ٘ 

(TKN ٘ٔحسا )خى/كدى . انصٕدٕٚو، انبٕحاسٕٛو ، انكانسٕٛو،  61.63خى/كدى بًُٛا انُٛخشٔخٍٛ انزائب ٚسأ٘  5

يدى/كدى ػهٗ انخشحٛب ايا انفٕسفاث، انكبشٚخاث ٔانكهٕساٚذ ٚسأ٘  177ٔ  271، 2.53،  28.93انًاغُسٕٛو ٚسأ٘ 

خى/كدى ػهٗ انخشحٛب. يحخٕٖ انؼُاصش انثقٛهت يٍ انحذٚذ، انُحاط، انشصاص، انضَك،  0.026، 18.59 ،0.434

يدى/كدى ػهٗ انخشحٛب. ايا الاكسدٍٛ انًسخٓهك  157.56ٔ  218.73، 76.88، 172.56، 125.12انًُغُٛض حسأ٘ 

10*(كًٛٛائٛا ٔ الاكسدٍٛ انًسخٓهك حٕٛٚا ٚسأ٘ 
3

( ٔقج ODPTخشحٛب. ٔبانُسبت انٙ )يدى ػهٗ ان 115ٔ  )60.99

سى  0.14±1.25ثاَٛت ٔكاٌ قطش انقطشة ػهٗ سطح انحًأة ٚسأ٘  1.28±5.05اخخشاق َقطت انضٚج نهحًأة حسأ٘ 

ٔقج اخخشاق قطشة انضٚج/ ٔقج اخخشاق قطشة انًاء نهحًأة  فٓٙ قًٛت ػانٛت خذا حسأ٘  WDPT/ODPTٔانُسبت 

يخطشفت خذا . نى حؤثش اضافت انحًأة انٗ انخشبت ػهٗ انخشبت بشكم يهحٕظ، حٛث  يًا ٚذل ػهٗ دسخت كشِ نهًاء 22.73

اٌ دسخت حًٕضت انخشبت ٔدسخت انخٕصٛم انكٓشبائٙ ٔيسخٕٚاث انُٛخشاث نى حخغٛش ، فٙ حٍٛ أثشث بشكم يهحٕظ 

 ػهٗ ًَٕ انزسة . 

يٍ بٍٛ خًٛغ  طٍ/ْكخاس كاٌ الايثم 5ٔاظٓشث انُخائح اٌ يؼذل الاضافت يٍ انحًأة نهخشبت 

. ٔقذ خهصج انذساست انٗ اٌ اضافت انحًأة )انًٕاد انصهبت طٍ/ْكخاس(10طٍ/ْكخاس،5طٍ/ْكخاس،1)انحالاث

 انحٕٛٚت( يًكٍ اٌ حكٌٕ رٔ حأثٛش خٛذ ٔكبٛش فٙ الاسخخذاياث انضساػٛت.

خحسٍٛ انًُٕ ٔالاَخاج ٔقذ اقخشحج انذساست اٌ ْزِ انُخائح انًشدؼت حؼضص يٍ اسخخذاو انحًأة فٙ انقطاع انضساػٙ ن

   انضساػٙ.
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Abstract  

This study aimed to characterize the potential use of sewage sludge from wastewater 

treatment plant from Sheikh Ejleen for agricultural use. Sludge samples were collected 

from Sheikh Ejleen Wastewater treatment plant. Air-dried, sieved through 2mm and 

stored in plastic bags at room temperature. Sludge density, particle size distribution, 

water holding capacity, void volume, pH, EC, cations and anions contents, Total Kjeldahl 

Nitrogen (TKN), BOD, COD, Total organic carbon, hydrophobicity, heavy metals 

content, Influence of sludge on agricultural use were characterized using the standard 

methods of Analysis. Results showed the bulk density is about 1.18 g/cm3 whereas the 

real density is 2.12 and void volume is 50%; Particle size distribution showed that the 

major size of sludge is sand-like size (630-200 µm) and the minor size is silt and clay-

like size (200-20 µm); Sludge has an acidic pH reaction with an electric conductivity 

equal to 2.49 mS cm-1; sludge contained high fraction of TKN 5g/kg whereas the soluble 

nitrogen is 61.63mg/kg. 

Na
+
, K

+
, Ca

2+
 and Mg

2+
 were 28.93, 2.53, 271 and 177 mg/kg respectively whereas PO4, 

SO4, Cl were 0.434, 18.59 and 0.026 g/kg respectively. 

Heavy metals content such as Fe, Cu, Pb, Zn and Mn were 125.12, 172.56, 76.88, 218.73 

and 157.56 mg/kg respectively. COD and BOD values were 60.99*10
3 

mg and 115mg 

respectively. The hydrophobicity of sludge is very high, Water Drip Penetration Time 

(WDPT) is 114.77±18.78 sec with a radius of 0.44±0.08 cm. In the way around, Oil Drip 

Penetration Time (ODPT) of sludge is 5.05±1.28 sec with a radius of 1.25±0.14 cm. The 

WDPT/ODPT is very high value 22.73 indicating extreme hydrophobicity. Addition of 

sludge to soil in the pot experiment had not a significant influence on soil nutrient status, 

since soil pH, EC, Nitrate levels were not changing. Whereas it significantly increased 

the corn growth. It appears that 5ton/ha as an addition rate was the optimum among all 

cases (0ton/ha, 1ton/ha, 10ton/ha). It can be concluded that Application of sludge 

“biosolids” could be advantageous opportunity for agricultural uses. These encouraging 

results may enhance the application of sludge in the agricultural sector for improving 

plant growth and yields. 
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Chapter 1 

Introduction 

1.1 Background 

 

Gaza Strip (GS) has a coastline of 40 km at the eastern extreme of the Mediterranean and 

on the edge of the Sinai Desert. GS has a total area of 365 square kilometers (MOPIC, 

1998) and the population is estimated to be around 1,500,000 people.  

Sludge (biosolids) may be defined as the matter which refers to the residual, semi-solid 

material left from industrial wastewater, or sewage treatment plants. It may also refer to 

the settled suspension obtained from conventional drinking water treatment and 

numerous other industrial processes. When fresh sewage or wastewater is added to a 

settling tank, approximately 50% of the suspended solid matter may settle out in a few 

hours. The collection of the above mentioned solids may be known as raw sludge (Miller 

2011). Sludge may be dried and incorporated with some carbonaceous materials to 

produce a suitable composted material for the use in the agriculture to increase the 

production and improve the soil properties. 

Another definition of Sewage sludge comes from (Hussien, 2009) who defined it as the 

insoluble residues from municipal wastewater treatment after either aerobic or anaerobic 

digestion processes. Increasing costs of commercial fertilizers and large amounts of 

sewage sludge produced worldwide have made cropland application of this residue an 

attractive disposal option. Chemical and biological compositions of sewage sludge 

depend on the wastewater composition (Melo et al., 2002). Usually, it is rich in Organic 

Mater (OM) and plant nutrients such as nitrogen (N), phosphorus (P) and calcium (Ca) 

(Hue, 1988) and can improve soil physical, chemical and biological properties, such as 

porosity, aggregate stability, bulk density, soil fertility, water movement and retention 

(Silveira et al., 2003) 

 

1.2 Wastewater treatment facilities in the Gaza Strip 

There are four wastewater disposal and treatment facilities in Gaza strip, Beit Lahia 

(BLWWTP), Gaza City (GWWTP) and Rafah (RWWTP), but none is functioning 

http://en.wikipedia.org/wiki/Quasi-solid
http://en.wikipedia.org/wiki/Wastewater
http://en.wikipedia.org/wiki/Sewage
http://en.wikipedia.org/wiki/Sewage_treatment#Secondary_treatment
http://en.wikipedia.org/wiki/Settling
http://en.wikipedia.org/wiki/Storage_tank
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effectively (MOPIC, 1998). They are not sophisticated treatment technology, it consist of 

anaerobic lagoons, aerated lagoons and maturation ponds. GWWTP is the only treatment 

facility which has trickling filters. The effluent from Gaza and Rafah treatment plants is 

mostly discharged into the Mediterranean Sea. In the case of the Beit Lahia wastewater 

treatment plant, a substantial quantity of wastewater infiltrates into the ground, 

contaminating soil and groundwater in the area. High level of nitrate has recently been 

detected from the aquifer, and it is most likely that the excess effluent is responsible for 

the deterioration of the water quality of the aquifer (Abu-Jalalah, 1999). The GWWTP is 

located in Sheikh Ejleen Area southern Gaza city; this area is known to produce the most 

famous grapes in Gaza strip and may be in whole Palestine. The area, where the plant is 

located is owned by the MOG totaling around 120 dunums including the infiltration 

basins and most of this area is bought by the MOG from private owners. Before the 

Israeli disengagement in 12/09/05, there was an Israeli settlement just 100m from the 

treatment plant called Netzarim, and now after the disengagement this area is expected to 

be developed for the harbor stores. As the level of treatment in GWWTP continued to 

deteriorate, the pollution in Wadi Gaza became a problem. This was worsened by 

wastewater flows from the middle area. To alleviate the problem in 1994, UNRWA and 

the municipality of Gaza upgraded the treatment plant by removing sand and sludge from 

the lagoons, upgrading their physical conditions and altering the treatment process to 

adequately treat around 12,000m3 of influent daily. In 1998, the United State Agency for 

International development (USAID) upgraded GWWTP to receive influent quantity up to 

32,000 m3 daily in 2005 (USAID, MOG, 1997) However, the system is overloaded and 

the hydraulic flows exceed the planning schedule. The GWWTP receive new an 

estimated effluent of more than 55,000 m3/day (DORSCH CONSULT, 2005). 

The population in Gaza produces large quantities of wastewater that contains huge 

qualities of biosolids (sludge) in which very little information is available. The treatment 

system in the Gaza Strip is limited to anaerobic lagoons, aerated lagoons and facultative 

lagoons. Only Gaza and Rafah cities treatment plants have trickling filter system. Primary 

and secondary sludge are produced from Gaza 3 wastewater treatment plants. Currently 

the sludge disposed in the treatment plant without use. 
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1.3 Problem Statement  

It is expected that, large amounts of sludge are being produced from Gaza Strip four 

wastewater treatment plants, but there is no exact data. Sludge constitutes a burden to the 

operators of the treatment plants, it is accumulated in the closest sandy dunes surrounding 

the treatment plant causing serious hazards to the environment and its leachate infiltrates 

to the ground water leading to high NO3 concentration and high soluble heavy metals 

concentration in the groundwater aquifer. In addition, there is a lack of data about the 

effect of sludge on plant growth and the best applied rate to produce the highest yield and 

the characteristics of the soil in which it is applied. Searching the data base in the internet 

and websites indicated that there is lack of published works that describe the 

physicochemical and/or biological characteristics of sludge produced from Gaza Strip 

wastewater treatment plants and particularly from Gaza City Treatment plant (Sheikh 

Ejleen). It is planned now to have 4 central wastewater treatment plants to serve the 

population of Gaza Strip. The expected annual quantity of sludge is 203,137 m
3
 as fresh 

sludge (12,188 tons dry). Such a high quantity of sludge requires safe disposal (PWA, 

2013). Accordingly, the current thesis is designed to achieve the following objectives. 

1.4 Thesis Aim  

The main goal of this thesis is to physically and chemically characterize the sludge from 

the drying beds of Sheikh Ejleen Treatment plant and the extent of usability of it in 

agriculture. 

1.5 The objectives of this study are to  

1. Characterize the physicochemical properties of sludge produced in Sheikh-Ejleen 

sewage water treatment plant.  

2. Assess the potential risk due to the undesirable elements (heavy metals) 

3. Determine whether  the sludge properties are encouraging for agricultural use 

4. Determine the sludge quantity to improve corn growth. 
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1.6 Methodology  

The methodology to achieve the objectives of this study is summarized in the following 

points: 

5. Taking representative samples from Sheikh Ejleen Treatment plant 

6. Air-drying of this samples using the sun rays in the month of June 

7. Using mechanical plastic hammer to grind the sludge samples 

8. Sieving these samples on 2mm sieve and storing them in plastic bags for further 

physical and chemical characterization 

9. Dissolving 10 g of the air-dried sludge in 50 ml of distilled water (1w:5v ratio) 

10.  Measuring pH, EC and TDS in this solution  

11.  Using Buchner funnel to separate the solids from the liquid matter  

12.  Appling other chemical and physical tests on the filtrate such as total organic 

matter content  

13.  Planting corn in a pot experiment and determining the best applied rate of sludge  

14.  Calculating the average and standard deviation and p-value to compare between 

the treatments  

1.7 Thesis Outline 

 

 

Chapter one presents the introduction about sludge situation in Gaza Strip. It presents 

also the problem definition, study justification, main goal and purposes of this study. 

Methodology and thesis outline are stated in the last two sections. 

Chapter two presents all the aspects of the study area from general information to the 

specific information about Gaza (Sheikh Ejleen) wastewater treatment plant , it also 

describes all the treatments processes that take place within the treatment plant  

Chapter three reviews the literature related to the sludge physical and chemical 

characteristics and reuse.  

Chapter four deal with the experimental program and analysis methods that have been 

followed in this thesis. 

Chapter five presented the results and discussion.  

Chapter six stated the conclusions and recommendations resulting from the study. 
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Chapter 2  

Study Area 

2.1 Location and Population 

 

The Municipality of Gaza (MOG) is located in the mid-north of Gaza strip and 

it is a separate Governorate as shown in map (1), with a total area of 40 square 

kilometers (MOPIC, 1998). The Gaza City population is estimated to be around 

500,000 people, about two third of them are refugees. All governmental institutes and 

international organizations headquarters are located in Gaza city. 

2.2 Administration 

 

Prior to the year 1948, the MOG had a population of about 75,000 inhabitants with a 

limited infrastructure (USAID, 1997; Ghannam, 2006). The mass of refugees resulting 

from the 1948 war caused crowded housing conditions, and thus massive drainage 

problems to the city. After the war, the Egyptian Government Administration took 

responsibility for the Gaza strip, who undertook limited sewer construction activities 

within the area of MOG in an attempt to keep up with the rapidly growing population. 

The 1967 war brought Israeli occupation and control to Gaza strip. Infrastructure control, 

including planning and development, was under Israeli Civil Administration. The 

population of MOG was estimated to be about 117,000 by the year 1967. After the 

establishment of the Palestinian Authority in 1994, the first most accurate survey for 

population was performed by the Palestinian Central Bureau of Statistics (PCBS; 

Ghannam, 2006) which showed the population of Gaza governorate was 357,768 in mid 

1994, and according to the PCBS report on December 1999 the population projection for 

the year 2005 is 516,882 inhabitants and it is expected to reach 650,033 by the year 2010 

(PCBS, 1999; Ghannam, 2006). Nowadays, the Governorate of Gaza is divided into nine 

main areas: Turkman, Judeidah, Al-Daraj, Al-Sabrah, Northern Remal, Southern Remal, 

Tal El-hawa, al-Zaitoon, and the Beach Camp. The Ministry of Local Governorates is 

responsible for the administration of the local Municipalities within the territories of the 

Palestinian Authority (PA) which was created after Oslo Agreement in 1994, which 

signed between the Palestinian Liberation Organization (PLO) and Israeli. The 

Municipality has municipal counsels, which formed by Presidential Decrees to supervise 
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the administration of municipalities. The municipal counsel of Gaza municipality 

consisted of seven members. The responsibility for the development, operation and 

maintenance of all wastewater and storm water drainage system within the MOG is fully 

under the direction of the Mayor. Similarly, the Municipality is also responsible for water 

supply. Operation and maintenance costs are covered by the MOG annual budget which 

is supplemented by user fees assessed on water use. Such fees include a surcharge for 

wastewater services. Funding support from donor program is being obtained directly 

through National Ministries and used primarily for new projects and for rehabilitation of 

existing works. However, some efforts are being dedicated to operations, maintenance 

and training activities. The department of water and wastewater in the MOG consists of 

four main sub-departments: Water (wells and networks), Wastewater (networks and 

pumping stations), Treatment (wastewater treatment plant- GWWTP) and Maintenance 

(electrical and mechanical). The GWWTP consists of two sections: operation and 

laboratory. The operation section is responsible for the daily operations of the plant and 

to monitor the performance of the different mechanical facilities in the plant and to record 

the daily activities while the laboratory is responsible for monitoring the quality of 

influent and effluent coming to the plant or discharging to the sea or infiltration ponds. In 

2000, the MOG along with 25 Municipal Counsels signed a memorandum of 

understanding with the Palestinian Water Authority to consolidate the water services in 

all the 26 municipalities in one single water utility called Coastal Municipalities Water 

Utility (CMWU). The establishment of the CMWU was one of the major reforms adopted 

by Palestinian Water Authority (PWA) in water sector and it became a major demand 

from the donors to cooperate with the PA. The Board of the Utility has also been 

nominated. The Minister of Local Government, as part of his mandate, issued a Decree of 

CMWU establishment under the Local Government Law (CMWU Quarter Report, 2005; 

Ghannam, 2006) In April, 2005 a Management Contract was signed between CMWU and 

a consortium of an Austrian company and a Saudi company (joint venture) to operate the 

Gaza Emergency Water Project (GEWP) financed by the World Bank which will lead to 

the activation of the CMWU on the ground as a responsible body for the water services in 

all Gaza strip. Today, the Operator (Inframan) is responsible for the maintenance and 

operation of GWWTP (CMWU Quarter Report, 2005; Ghannam, 2006). 
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2.3 Climate 

The climate in the Governorate of Gaza is typical Eastern Mediterranean with hot dry 

summers and mild winters. Rainfall average about 425 mm annually based on 35 years 

record (USAID, 1997; Ghannam, 2006). The average daily mean temperature is 25 

degrees centigrade in the summer and 13 degrees centigrade in the winter (MOPIC, 1998; 

Ghannam, 2006). During the hot summer season, the daily maximum temperature 

generally exceeds 30 degrees centigrade and the maximum relative humidity exceeds 

90%. Winds prevail from the northwest in the summer, with velocities up to 3.9 m/s 

(USAID, 1997; Ghannam, 2006). During the winter, the most frequent wind direction is 

southwest and average velocity is about 4.2 m/s (USAID, 1997; Ghannam, 2006). 

 

2.4 Land Ownership and Land Use 

Historically Gazans have generally had the freedom and opportunity to own and develop 

their own lands. This trend continues today and land is one of the most important 

commodities in Gaza with values rating from $200 to more than $1000 per square meter 

within the city limits. These prices are high, even by industrialized country standard, and 

will influence the land use in the MOG area. The development in Gaza increased after the 

Oslo accord by both private owners and donors. Returning residents and refugees have 

added to this rapid development rate. Even during the Intifada, investment in land 

remained high. Today growth is occurring at a rapid and uncontrolled pace. There are no 

planning controls in place that effectively direct growth or control the type of use. The 

Ministry of Planning (MOP) has developed general plans for the Gaza strip defining 

target uses such as agriculture, industry, and public facilities including locations of a 

future harbor and the regional wastewater treatment sites. This general plan assumes that 

growth within the city limits will continue. 
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2.5 Sewerage system and coverage 

The sewer system in Gaza City is reported to date back to a Roman drainage system; 

however, the extent and location of this early history are unknown. Such a system was 

probably used for the removal of both storm flows and sewage (USAID, MOG, 1996; 

Ghannam, 2006). Over the last 30 years, the sewage network was constructed primarily 

by the MOG while under various authorities and controls. Records, such as as-built 

drawings were not usually developed or kept, nor was maintenance undertaken except for 

emergencies. UNRWA addressed the need for cleaning and repairs of a key portion of the 

Map (1): Location of Gaza city and existing treatment facilities. 
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system. A critical part of this work was a detailed inspection of the network and 

recording of the physical as-built data of the network. These as-built conditions were 

combined with available city records and survey data collected for the Master Plan to 

create a detailed as-built record of the network. The sewer network covers around 75% of 

the total area of the MOG and around 90% of the population with a total number of 

sewage subscribers around 26,000 subscriptions in the Gaza Governorate (PWA, Fiscal 

Report, 2004; Ghannam, 2006). 

2.6 The Gaza Wastewater Treatment Plant 

This section describes the Gaza Wastewater Treatment Plant demonstrating the 

development of the original design, the existing facilities of GWWTP and the prevailing 

conditions of the plant. The ongoing and planned activities of GWWTP are then 

produced along with the environmental effects of plant on the aquifer and habitat. This 

section concludes with a description of the treatment process scheme. 

• Hydrogeology of Plant Location 

The Gaza Strip is essentially a foreshore plain gradually sloping westwards, and 

underlain by a series of geological formations. The area within MOG consists mainly of 

sands dunes in undulating formations, interspersed with clay lenses. Some areas have 

relatively deep layers of clay soils (USAID, 2001; Ghannam, 2006). These are 

experienced mostly in Al-Zeiton and Al-Tofah catchments while the coastal zone is 

primarily sand. Groundwater levels in the city ranges from 1.0m to 2.0m relative to mean 

sea level and the fresh water aquifer under the city is reported to have thickness of up to 

about 90m (USAID, 1996; Ghannam, 2006) The GWWTP is situated on a hill with 

elevation of 44.2 msl in Sheikh Ejleen sand dune area with a percolation rates in the 

range of 8.6m/day (USAID, 1997; Ghannam, 2006). 

 

• Existing GWWTP Facilities 

The existing GWWTP includes on-site treatment facilities, as well as off-site infiltration 

basins. All flow is pumped to the site through three force mains. An effluent pump station 

and pipeline are used to transport effluent from the main plant to the infiltration basins or 

to the Wadi Gaza. An existing force main/gravity line is also used to discharge effluent to 

the sea. The main plant facilities consist of three anaerobic ponds in series followed by 
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an aerated lagoon and two bio-towers. The anaerobic lagoons are heavily loaded 

compared to typical design recommendations. Limited dredging is practiced in the first of 

the three anaerobic lagoons. The aerated lagoon is equipped with floating mechanical 

aerators and the bio-towers are filled with high-density plastic media. The bio-tower 

effluent is directed to an effluent polishing pond where solids sedimentation occurs and 

limited solids collection is possible. Solids are removed by a series of draft tubes. The 

sludge is directed to un-aerated solid holding ponds. Polishing pond effluent is pumped to 

the off-site infiltration basins, Wadi Gaza or to the sea. Three basins are used for 

infiltration. The plant has a sodium hypochlorite disinfection system used for the effluent 

which is directed to the sea. Solids dredged form anaerobic pond 1 and biological solids 

from the sludge holding pond are directed to the on-site sludge drying beds for 

dewatering. The following point gives short description to the main existing treatment 

facilities of GWWTP (CAMP,2001; Ghannam, 2006) 

• Influent Structure: The structure consists of a side inlet structure accepting the 900mm 

force main from Pumping Station No.7B, and a main box inlet structure which accepts 

the flow from the remaining two pumping stations: Pumping Station No.1 and Pumping 

Station No.6A. 

• Anaerobic Ponds: The anaerobic ponds include two initial anaerobic ponds (1 & 

2) each with volume of 22,000m3. The two ponds can be operated in series or parallel. 

The third anaerobic pond (3) has a volume of 32,000m3. 

• Aerated Pond: The aerated pond includes ten 25hp floating surface aerators and 

six 50hp units. Each of the 16 aerators is fixed in the pond by cables and anchors. 

The pond has the total capacity of 45,000 m3.  

 

Bio-Tower Feed Pump Station: A submersible pumping station pumps aerated pond 

effluent plus recycle to two high-rate bio-towers. Four 60hp pumps, each rated at 

667m3/hr, are available. 

• Bio-towers: The two high rate bio-towers are 27 m in diameter with 7.3 m of media 

depth. The units operate in parallel and are designed for 85% BOD5 removal. 

Countercurrent natural ventilation openings are provided at the base of the units around 
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the circumference on a 45-degree center. Bio-tower effluent drains to the downstream 

settling pond through a 1,000mm pipe. 

• Bio-Tower effluent Distribution Chamber: This structure divides effluent flow from 

the bio-towers proportionally between the settling pond and recycle back to the bio-

towers. It also allows bypass of bio-tower effluent to the existing effluent pump station. 

Stop gates provide for six recycle rates ranging from 20%-67% of the bio-tower effluent. 

• Effluent Polishing Pond: The pond is divided by a concrete wall creating a settling 

pond and a chlorination contact zone. The settling pond is 13 m wide by 83 m long 

concrete hopper-bottom settling zone. Sludge is removed through 150 mm suction pipe 

draped along the existing 3:1 slope. The suction manifold is connected to a diesel pump. 

The pump discharges sludge into the sludge holding pond. The suction drop pipes are 

spaced on 4 m centers and each includes a plug valve located at the top of the beam so 

the suction pipes can open individually. 

• Sludge Holding Pond: This un-aerated pond is used as an anaerobic sludge holding 

pond with a total capacity of 10,700m3. 

• Effluent Pump Station: A submersible pump station is constructed in the beam of the 

effluent polishing pond. It consists of two wet wells, each containing two 60hp and 1,000 

m3/hr submersible pumps. 

• Chlorination Facility: Sodium hypochlorite storage and dosing equipment are 

provided, but are not currently in use. 

• Effluent Pipeline. A 600mm pipeline can deliver plant effluent to the infiltration basins 

or to the Wadi Gaza. A separate pipeline can carry effluent to the sea. 

• Infiltration Facilities. Effluent reuse facilities consist of three infiltration ponds with a 

total area of 37,000 m2, 5,000 m3 storage tank and 2,000 m3/hr booster pump station. 
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2.7 Existing Operation Condition 

The GWWTP was upgraded in 1997-1998 to receive and treat influent quantity up to 

32,000 m3 daily in 2005 from Gaza City. When it was put into operation, flows were 

found already to exceed 30,000m3/day. The GWWTP regularly received over 

50,000m3/day up to summer2004, after this time the flow meter was out of order. Based 

on site visit and discussions with plant operators and engineers, the following points are 

noted: 

Figure 2.1: The Current Flow Scheme of GWWTP 
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• The GWWTP was already over loaded since it started operation in 1998 and today the 

plant receives more than 55,000m3/day. The lagoons are almost full to the edges and the 

capacity to discharge effluent is limited to the capacity of the effluent pumping station 

which is less than 2000m3/ HOUR. To reduce the flows received at the GWWTP, raw 

sewage is being discharged direct to the sea from two locations at Gaza beach. 

• The anaerobic lagoons had not been desludged (cleaned) for more than three years. As a 

result, the settlement lagoons are now full of grit and sludge. Since naerobic lagoon no.1 

is filled with grit totally, this part of treatment plant is bypassed. The sludge layer of bond 

2 is almost 20cm below the water surface. Less than one eighth of the tank volume is 

operating as a settling zone. Anaerobic bond 3 seems to be not significantly better than 

pond 2. 

• The official Gaza Municipality landfill site is located on eastern Gaza near the Green 

Line with Israel. Access to the land fill had been frequently blocked during the past two 

years. During these periods, municipal garbage had been dumped in the GWWTP site as 

the only available alternative. It is estimated that more than 700,000m3of solid waste had 

been dumped at the site. Wind blown plastic bags are causing frequent blockage of the 

aerators and biotower distributors. 

• Although the Bio-towers are damaged by Israeli actions, they are operating well and the 

media is in good shape. However, the surface area of the trickling filter is partly covered 

with solid waste (plastic bags) which influences the hydraulic flow patterns negatively. 

Part of the openings of the trickling filter flow distributors seem to be clogged and the 

first layer of the media seems to be clogged and need to be cleaned. 

• In the end of October 2004, the GWWTP received more aggressions from the Israeli 

Army, where the administration building had been damaged, the parking shelter had been 

completely destroyed and one of the bio-towers has been hit by a tank gun. Moreover, the 

lab of plant also received its share in the damage that led to complete suspension of the 

monitoring program of the quality of influent and effluent, moreover, the automatic 

sampler for the influent was also totally damaged. 
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Chapter 3 

Literature review 

 

3.1 Wastewater Treatment in Gaza Strip  

Wastewater management, including the collection, treatment and disposal of wastewater 

has been a major environmental challenge in the Gaza Strip for several decades. Recent 

reports indicate that 81.9 percent of the population now lives in areas with sewage 

networks, while the remainder uses porous cesspit or tight cesspit (PCBS, 2011; 

Attaallah, 2013). There are four WWTPs operating in the Gaza Strip: Beit-Lahia WWTP 

in the north, Gaza WWTP in the Gaza City, Khan Yunis WWTP and Rafah WWTP in the 

south. The type of treatment, quantity and final disposal of each plant is summarized in 

Table 2.1. 

Table 3.1: Existing WWTPs in Gaza strip (UNEP, 2009; Attaallah, 2013) 

Parameter WWTP 

Beit-Lahia Gaza Khan Yunis Rafah 

Quantity m3/day 20000 60000 9000 16000 

Treatment 

method 

Aerobic, 

anaerobic 

Lagoons and 

polishing 

ponds 

Aerobic and 

,anaerobic 

Lagoons and 

bio-tower 

Aerobic and 

anaerobic 

Lagoons 

Treatment 

lagoons 

Type of disposal 

and ruse 

Surrounding 

sand dunes 

75% to the sea 

and 25 % 

infiltrated to 

the ground 

aquifer 

Infiltration to 

Ground 

Pipeline to sea 
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3.2 Previous studies on the subject of the physicochemical characteristics of sludge  

 

3.2.1 Local studies about the sludge physicochemical properties  

 

Nassar et.al,(2003) studied the sludge management using reed bed system and they 

concluded that the wastewater and the sludge in Gaza Strip is relatively free of 

contamination of heavy metals and they suggested the application of sludge to agriculture 

would have minimal risk of heavy metals accumulation. Furthermore in advanced study 

(Nassar el al. 2005), the authors studied the sludge management concept in Gaza Strip and found 

that there is little experience of sludge use in Gaza. In addition, they reported that huge quantities 

of sludge (30,000 tds) produced annually and this required a minimum of 30,000 dunums for its 

use. However, the report mentioned the international standards for sludge use in agriculture 

whereas the physicochemical properties of sludge produced in Gaza were not reported. 

 

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 (Nassar and Afifi 2006). 

 

 

3.2.2 International studies about the sludge physicochemical properties 

 

Besides that, Ruiz et al.,(2007) investigated the influence of organic content and 

shrinkage of urban residual sludge under controlled atmosphere drying condition. They 

reported the convective drying aptitude of residual urban sludge in isothermal conditions 

at atmospheric pressure. They also found that the coupled analysis of the dewatering and 

induced shrinkage curves shows correlations between the hydric and the textural 
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characteristics. Emphasis was placed on the influence on these correlations of the nature 

of the sludge, characterized by their organic matter content. 

 

Koenig et al., (1996) studied the physical properties of dewatered wastewater sludge for 

landfilling to determine and evaluate dewatered wastewater sludge with regard to the 

following physical and geotechnical properties: (i) vane shear strength; (ii) consolidation 

characteristics such as compression index, compressibility factor, coefficient of 

consolidation and compressibility coefficient; and (iii) hydraulic characteristics such as 

permeability and intrinsic resistance. They found out that although dewatered sludge 

exhibits quite different characteristics as compared to soils, predictive logarithmic 

relationships may be established between various properties which are consistent with the 

critical state model for soils, conventional filtration and consolidation theory. Such 

representation provides a valuable basis for understanding the sludge characteristics and 

behavior to landfill design. In the same context, Mikkelsen and Keiding (2002) 

investigated correlations between sludge composition, structure and dewatering 

properties and found out that the fraction of extracellular polymeric substances (EPS) in 

sludges was the most important parameter with respect to sludge structure. Also they 

found that dewatering includes sludge expression. Taking this into account, osmosis 

related to EPS charges is likely to be increasingly important. (increasing the negative 

effect of EPS content on cake dry matter).  

In a relative study, the mechanical properties of dewatered sewage sludge was previously 

investigated (O'Kelly 2005). He found that moderately digested sludge material has a 

typical specific gravity of solids value of 1.55, and loss on ignition (LOI) value of 70% 

dry mass, while strongly digested sludge has a lower LOI value of 55% dry mass, and a 

higher specific gravity of solids value of about 1.72. The shear strength values measured 

in triaxial compression and vane shear were consistent. The effective angle of shearing 

resistance „phi' value increased from 32 degrees for moderately digested sludge, to 37 

degrees for strongly digested sludge. The effective cohesion of the sludge material 

remained zero throughout. Re-hydration of the dry material caused the bulk volume to 

double. 

http://www.ncbi.nlm.nih.gov/pubmed?term=O'Kelly%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=16703620
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Furthermore, Kae-Long et al.,(2006) analyzed the effects of the heating temperature on 

the properties of the sintered sewage sludge ash. They found that the water absorption 

rate of the sintered sewage sludge ash samples decreased when the firing temperature was 

increased from 800 to 900 ◦C. Also they found that the bulk density of the sewage sludge 

ash samples increased by 2.3 g/cm
3
 when the heating temperature was increased from 

900 to 1000 ◦C, indicating that the densification was affected by heating. 

In addition, Hou et al., (2012) studied the influence of non-ionic surfactants on sludge 

dewaterability. Two kinds of non-ionic surfactants (OPEO and APG) were studied by 

using two evaluation indexes, i. e., specific resistance to filtration (SRF) and dewatering 

efficiency. They found that the water content of dewatered cake conditioned with APG 

dosage of 0.05% DS was lower by about 10% than that of dewatered cake without APG, 

and its dewatering efficiency reached 97%. Therefore, the research provides some 

reference for the application of APG in sludge dewatering.                                                    

 

In the other hand, the effect of the substrate composition (no substrate, glucose, glucose + 

sulfate or glucose + sulfate + iron) on the physico-chemical characteristics of two 

different anaerobic granular sludge as a function of time was investigated (Eric et al., 

2007). They found that the higher mineral content and the decrease of the EPS content 

contributed to the disintegration of iron fed granules, as shown by their lower size 

particles. In the way around, Yu-Chung et al. (2010) investigated the heavy metal 

extraction ability from PCB wastewater treatment sludge by sulfuric acid. They found out 

that   the total and individual heavy metal removal efficiencies increased with increasing 

sulfuric acid concentration, but decreased with increasing solid to liquid ratio. Also they 

found that the trivalent heavy metal ions, iron and chromium were more difficult to be 

removed than the divalent ions, copper, zinc, nickel, and cadmium 

Composting the sludge was also investigated by Rodríguez et al.,(2012) who published 

an article that concluding the influence of four process variables (turning frequency, gas-

phase oxygen level, type of bulking agent and sludge/bulking agent mixing ratio) on the 

performance of the sewage sludge composting process using a rotary drum pilot scale 

reactor.  They found that the right combination of having optimal process variables 
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combined with an appropriate reactor design allowed the thermophilic stage of the 

composting process to be speeded up, hence obtaining a compost product. 

In addition Pevere et al., (2006) investigated viscosity evolution of anaerobic granular 

sludge. They found out the anaerobic granular sludge has a non-Newtonian behavior. 

Also they found out that the total suspended solids (TSS) content of the sieved granular 

sludge strongly influence the limit viscosity value and an exponential relationship was 

found between the TSS content and this rheological parameter. They also found that 

significant differences in limit viscosity values were found for granular sludges of 

different origin.  Furthermore, Bhatti et al., (1995) carried out a comparative investigation 

of the components and characteristics of three types of fully developed granular sludge 

operating in full-scale and laboratory up flow anaerobic sludge blanket reactors under 

different conditions. They found that feed mineral concentration had an overall effect on 

the mineral composition of granular sludge and that specific uptake of preferred minerals 

such as magnesium, iron and phosphorus occurred depending upon the operational and 

environmental conditions. 

 

In a recent study, Devlin et al., (2010) investigated the effects of acid pretreatment (pH 

6–1) using HCl on subsequent digestion and dewatering of waste activated sludge 

(WAS). They concluded that Pretreatment to pH 2 was the most effective. Also in batch 

digestion, this yielded the same biogas after 13 days as compared to untreated WAS at 21 

days digestion. They suggested that in dewatering process the acid pretreated WAS 

required 40% less cationic polymer addition to achieve the same cake solid content. In a 

relative study, Chen et al. (2008) evaluated the bioavailability and eco-toxicity of heavy 

metals in municipal sludge, taking into consideration both the speciation of metals and 

the local environmental characteristics. They found experimentally that in general the 

municipal sludge collected from the five sewage plants was rich in organics, N and P. 

Except that the sludge from XiaWan Sewage Treatment Plant showed higher 

concentrations of heavy metals, the sludge from other plants all showed a low total 

content of heavy metals with only Cd slightly exceeding the permitted values of the 

national application standard of acid soil in China. The sequential extraction results 

showed that Cu and Zn were principally distributed in the oxidizable fraction, which 
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meant a high potential toxicity, but the bioavailability of Zn might be overestimated to 

the soil of Hunan. Pb was mainly in the residual fraction. The distribution of Cd showed 

no obvious characteristics.  

 

The impact on the chemical properties of soil treated with sludge 

Erdem and Ok ,(2002) evaluated the changes in chemical properties of an acid soil 

amended with 0, 15, 30, 60 and 120 t ha
−1

 of brewery sludge (BS) for an incubation 

period of 120 days. And they found that by increasing BS rates and incubation time, the 

soluble salts of the soil increased from 0.11 to 0.80 dS m
-1

, and the organic C, 

exchangeable cations, soluble cations and anions, NH4
+
–N and NO3

−
–N contents of the 

amended soil increased while the pH of the soil decreased by 0.3–0.5 unit with respect to 

the control . furthermore cation exchange capacity (CEC) increased slightly whereas the 

exchangeable acidity decreased slightly. Furthermore, Casado-Vela et al.,(2007) 

monitored the effect of the application of three increasing amounts of composted sewage 

sludge (3, 6 and 9 kg compost m
−2

) on the physicochemical properties of a horticultural 

calcareous soil where two types of plants were grown under two exploitation regimes 

(one in a greenhouse and the other in open-air). They found out that the 

9 kg compost m−2 application promoted the appearance of deleterious effects on the 

properties of soil, such as salt accumulation, a significant increase in the electrical 

conductivity and an input of heavy metals (Pb > Cr > Cd). The 6 kg compost m−2 

application provided a supply of nutrients necessary to grow peppers plants under both 

exploitation regimes. The first plant biomass production under greenhouse was almost 

60% higher compared to that of the open-air plot. In a recent study, Roig et al., (2012) 

analyzed the systematic and periodical use, for 16 years, of anaerobically digested 

sewage sludge as an agricultural fertilizer by assessing the effects on some soil physical–

chemical, functional, and ecotoxicological properties. They found that the input of sludge 

enhances soil properties proportionally to the application doses and/or frequency. And the 

organic amendments increased the organic matter content (and its aromaticity), the soil 

nitrogen, and the microbial activity, improving carbon and nitrogen mineralization 

processes and some enzymatic functions. And they showed that the maximum dose 

should be (40 Mg ha
-1

 year
-1

) no more.  In addition, the effects of organic matter, 

http://www.sciencedirect.com/science/article/pii/S0960852402000469
http://www.sciencedirect.com/science/article/pii/S0956053X06002340
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nitrogen, phosphorus and toxic elements in sewage sludges applied to agricultural land 

were reviewed by Sterritt and Lester (1980) and they found that the organic matter may 

improve the structure and water holding capacity of poor soils and the nitrogen and 

phosphorus in sludge have fertiliser value, and the crops can accumulate toxic elements 

from sludge-amended soils. Also the extent of accumulation varies considerably with 

plant species and cultivar; cereals and legumes accumulating lower concentrations than 

leafy plants.  

Furthermore, the effect of sewage sludge application on biological and biochemical 

properties of soil in the plots maintained by the City of Winnipeg at Oak Hammock 

Marsh, Manitoba were examined by Banerjee et al., (1997). They found that the sludge 

application significantly increased the amount of microbial biomass present in the soils. 

Also the biomass N content was uncharacteristically low resulting in a mean microbial 

biomass C:N ratio of 36:1. And despite the low C:N ratio of the biomass, sludge 

application enhanced the N mineralization potential of the soil. Additionally they found 

that the sludge application somewhat increased soil enzyme activities. 

In addition, Egiarte et al., (2008) examined whether the repeated application of sewage 

sludge to an acid forest soil (Dystric Cambisol) would lead to short-term groundwater 

contamination. They found that a repeated application of sludge at 60 Mg ha
-1

 resulted in 

significantly higher concentrations of Zn, Cd, Cr and Ni in the leachates than with other 

treatments (other loading rates). Also, Wong et al., (2007) investigated the effects of 

dissolved organic matter (DOM) from anaerobically digested dewatered sludge on Cd 

and Zn sorption by three different soil types (calcareous clay loam, calcareous sandy 

loam and acidic sandy loam) of different physicochemical properties through batch 

studies. They found that the addition of DOM significantly reduced the Cd and Zn 

sorption capacity for these three soils as seen, suggesting that DOM had a stronger 

inhibitory effect on Zn sorption than that of Cd. They also found that the reduction in 

metal sorption caused by DOM was very apparent in the pH range of 5 to 8, with a 

maximum inhibition on metal sorption occurring at pH 7–7.5 especially for Zn but the 

effect was minimal at lower pH. And at each given DOM concentration, the inhibition of 

http://www.sciencedirect.com/science/article/pii/0048969780901023
http://www.sciencedirect.com/science/article/pii/0048969780901023
http://www.sciencedirect.com/science/article/pii/S0167880997001291
http://www.sciencedirect.com/science/article/pii/S026974910800290X
http://www.sciencedirect.com/science/article/pii/S0016706106002588


 21 

metal sorption of the different soil types increased in the following order: acidic sandy 

loam < calcareous sandy loam < calcareous clay loam. 

 In a different study, Criquet et al., (2007) investigated the factors regulating phosphatase 

activities in Mediterranean soils subjected to sewage sludge applications. The results they 

found showed significant effects of sewage sludge application and incubation period. The 

effect of sewage sludge resulted in an increase in phosphatase activities, microbial 

density and available P whereas the incubation period increased the available P while 

decreasing phosphatase activities. In addition to that they found that the origin of sludge 

and its chemical characteristics may show different effects on certain variables such as 

phosphodiesterases or bacterial density, whereas mineral parent materials of soils did not 

show any significant effects. 

Khan and Scullion ( 2002) measured  the effects of varying sludge metal (Cd, Cu, Ni, Pb 

and Zn) contents on respiration, biomass C and N, and N mineralization in a series of 

laboratory incubations of soil–sludge mixes. They found that Cd (up to 70 mg kg
−1

 in 

soil) did not affect any microbial index. Higher concentrations of the other metals 

generally caused a decrease in biomass C and N, the reduction for C often being 

proportionally less than that for N and in most cases, higher metal concentrations 

increased respiration rates and microbial metabolic quotient. In addition to that soil 

mineral N was increased by higher inputs of all metals and the use of sludges with higher 

metal concentrations may lead to short-term changes in soil microbial communities and 

their activities, with increased loss of C to the atmosphere and N availability. 

Serna and Pomares (1992) determined the N-mineralization rate of 12 sewage sludges in 

a given soil during a 16-week aerobic incubation by analysis of inorganic N produced by 

a nonleached procedure. They found that the aerobically treated sewage sludges gave 

higher mineralization rates than the anaerobically treated wastes and  values of 

potentially mineralizable N (No) varied from 71 to 394 mg N kg
−1

 soil, and 

mineralization rate constant (k) ranged from 0·089 to 0·883 week−1. In a different study, 

López-Valdez et al., (2010) investigated how emissions of CO2, N2O and N2, and 

dynamics of mineral N were affected when different types of N fertilizer, i.e. NH4
+
, 

http://www.sciencedirect.com/science/article/pii/S0038071706004688
http://www.sciencedirect.com/science/article/pii/S0929139302000185
http://www.sciencedirect.com/science/article/pii/S0929139302000185
http://www.sciencedirect.com/science/article/pii/096085249290218M
http://www.sciencedirect.com/science/article/pii/096085249290218M
http://www.sciencedirect.com/science/article/pii/S0929139310000727
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NO3
−
, or unsterilized or sterilized wastewater sludge, were added to the Texcoco soil. It 

was found that microorganisms added with the sludge accelerated organic material 

decomposition, increased NH4
+
 immobilization, and induced immobilization of NO3

−
 (in 

Texcoco soil). They suggested  that wastewater sludge improves soil fertility at Otumba 

(an agricultural soil) and would favour the vegetation of the Texcoco soil (alkaline 

saline). 

The impact of sludge contained heavy metals 

 Fytianos and Charantoni, (1998) investigated the leaching of heavy metals from 

municipal sewage sludge. They found that for most values of Liquid solid ratio (L/S) the 

percentage of leached amounts for the examined metals followed the order Cd > Zn > Pb 

> Fe > Mn. As pH decreased, metal concentrations measured in the leachate increased. 

And in general, EDTA showed the greatest mobilization ability, followed by NaOH, acid 

solutions (HCl, H3PO4), and water. Particle size distribution had negligible effect on Cd, 

Mn, and Pb leaching from sewage sludge and a decrease in the amount of Fe, Zn, and Cu 

leached was observed with increasing particle size.  

Moreno et al. ,(2002) investigated the effect of sewage sludge amendment of a semiarid 

soil, previously polluted with Cd, on the toxic effect of this heavy metal on soil microbial 

biomass and its activity. They found out that in general, higher ED (Ecological Dose) 

values were calculated for the sewage sludge amended soil than for unamended soil and 

thus the Cd toxicity to microbial activity of the sewage sludge amended soil can be 

considered lower than that of the unamended soil. 

 

3.3 The Status of Wastewater Reuse Practice in The Mediterranean Basin 

 

Most Mediterranean countries are arid or semiarid with mostly seasonal and unevenly 

distributed precipitations. Due to the rapid development of irrigation and domestic water 

supplies, conventional water resources have been seriously depleted. As a result, 

wastewater reclamation and reuse is increasingly being integrated in the planning and 

development of water resources in the Mediterranean region, particularly for irrigation.  

http://www.sciencedirect.com/science/article/pii/S0160412098000269
http://www.sciencedirect.com/science/article/pii/S0160412098000269
http://www.sciencedirect.com/science/article/pii/S0929139302000641
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3.3.1 Tunisia  

RWW irrigation has had Government support since 1975, and since a severe drought in 

1989, RWW use in irrigation has been a part of the Government‟s overall water resources 

management and environmental pollution control (World Bank, 2010, Attaallah, 2013). It 

is estimated that by 2020 about 20,000-30,000 ha, or about 7-10% of total irrigated area 

will be using RWW. The current rate of reuse is about 29%, reused for the cultivation of 

fruit trees, cereals, fodder crops and industrial crops as well as for golf courses and green 

spaces. Wastewater is also reuse in recharges purposes and conservation of wetlands 

(Kamoun and Slimi, 2006, Attaallah, 2013). 

 3.3.2 Jordan  

Jordan is one of the most water-deprived countries of the Middle East, and has some of 

the highest groundwater depletion rates. To meet growing water demands, more than 70 

MCM of reclaimed wastewater, around 10 percent of the total national water supply, is 

used either directly or indirectly each year (World Bank, 2010, Attaallah, 2013). In 1993 

the quantity of reused RWW reached 50 MCM, of which 48MCM for irrigation. In 2008 

the amount of RWW reached 80 MCM .the total quantity of reused RWW is expected to 

grow from 80 MCM in 2008 to about 237 MCM in 2020.the reused RWW in Jordan 

reach one of the highest levels in the world .the importance of reused wastewater is an 

essential element of Jordan's water strategy .(MERAP, 2010, Attaallah, 2013). 

 

3.3.3 Israel  

 

Israel was a pioneer in the development of wastewater reuse practices (Angelakis et al., 

1999, Attaallah, 2013). It has achieved some impressive accomplishments in reclamation 

and reuse of wastewater, and at solving issues which arose from using RWW. The total 

amount of wastewater produced in Israel is approximately 500 MCM/yr including 

agriculture, industry, and other wastewater consumers. Almost all of the wastewater 

produced in Israel flows into the main sewage collection systems, while only 2.5% of the 

wastewater still flows into cesspits. Approximately 450 MCM/yr is being treated at 465 

mechanical facilities and stabilization basins, using a variety of technologies. During 
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2007 total amount of RWW used for agriculture purpose was about 382 MCM. About 

half of the total amount has been treated to tertiary degree; the rest has been treated to a 

secondary degree (MERAP, 2010, Attaallah, 2013). In these countries, full fledged 

regulations set the basic conditions for a safe reuse of wastewater (Angelakis et al., 1999, 

Attaallah, 2013). It is therefore necessary to take precautions before reusing RWW. As a 

result, although the irrigation of crops or landscapes with RWW is in itself an effective 

wastewater treatment method, a more effective treatment is necessary for some pollutants 

and adequate water storage and distribution system must be provided before RWW is 

used for agricultural or landscape irrigation (Angelakis et al., 1999, Attaallah, 2013).  

 

 

3.3.4 Palestine 

In spite the fact that there are very limited activities in the Palestinian territories for using 

reclaimed wastewater due to many reasons, there is a great potential for the reuse of this 

water resource to meet increasing agricultural water demand as a main objective of the 

Palestinian water sector. The total volume of treated urban wastewater for reuse is 

projected to be 12.1 MCM/yr for the main Palestinian cities by the year 2010. In 

comparison, the total water demand is projected to increase by 50 MCM/yr over the years 

2005-2010. (MERAP, 2010, Attaallah, 2013). The reuse of treated wastewater could be 

an important alternative to solve the water deficit crisis in Gaza Strip. According to the 

Water Sector Strategic Planning Study, about 20,000 dunums are to be irrigated by RWW 

in the year 2010 and this will increase to about 60,000 dunums in the years 2020. The 

existing four WWTPs ( Beit Lahia, Gaza, KhanYunis and Rafah ) are heavily overloaded 

as a result of the rapid population growth. Currently, most of the effluent discharged from 

the four existing WWTPs in Gaza Strip is disposed into the Mediterranean Sea. Although 

the quality of the effluent from Gaza and even Beit Lahia WWTPs would nearly meet 

class C standards which are progressively match irrigating citrus, fodder crops and olives 

(EQA, 2005, Attaallah, 2013). 
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Chapter 4 

Materials and Methods 

 

4.1 Sludge Sampling  

A representative sludge samples with a volume of 20L each were collected from different 

locations from the drying beds in the Sheikh Ejleen Waste Water Treatment Plant. 

The samples were air-dried in the month of June using solar radiation, crushed and mixed 

together to insure homogeneity of the sludge. The dried sludge samples were sieved 

through 2mm sieve and mixed again and kept in plastic bags for further experiment work.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 Sludge Dry Mass and Water Content 

With slight modification of Wilke (2005) the sludge dry mass and water content was 

determined as follows.  Air dried sludge samples were dried at 105 ± 5 ◦C for 24h. Then 

the samples were transferred to a dedicator for cooling to avoid humidity absorbance.  

The samples were then weighted at room temperature to collect the dry weight.  

Our sampling 

location 

Figure 4.1 The location from which the samples were taken 
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The differences in masses before and after drying are a measure for the water content of 

sludge. The water content was calculated on gravimetric (g water /g sludge) or on 

volumetric basis (cm
3
 water/cm3sludge).  The procedure described above can be used for 

the determination of dry mass of sludge on a mass basis (ISO 11465 1993). 

 

4.3 Water Holding Capacity 

With a slight modification to the procedure described by El-Nahhal et al. (1998) columns 

techniques will be used. In this technique, 0.5 L of air dried sludge was transferred to 

small columns with 10 cm diameter. The columns were irrigated with 0.25 L with 

distilled water and left for 24 h to equilibrium.  The sludge samples were weighted before 

and after irrigation to collect the water content. The leachate was collected and weighted 

to know the equilibrium water capacity of the columns.  

 

4.4 Bulk Density  

The bulk density was determined in the laboratory using the mass per unit volume technique by 

filling 0.5 L plastic pails previously weighed. Once filled, pails were shaked several times to 

insure complete filling. Between 4 and 8 measures were done on each sample to ensure 

repeatability. The bulk density on the dry matter basis was calculated after moisture content 

(Agnew and Leonard, 2003). 

4.5 Particle size distribution  

Particle size distribution was obtained using the hydrometer method of analysis according to 

Standards Association of Australia (1976) .The samples passed through the 2 mm sieve to insure 

that no aggregates were retained on the sieve. Fifty grams of air-dried sludge were transferred to a 

500mL beaker containing 50 ml Kalgon solution and 250mL distilled using a milkshake mixer. 

The suspensions were homogenized for 5 min. The volume of the suspension was completed to 

1L with distilled water and transferred to the sedimentation cylinder. A plunger was used to stir 

the suspension for 2 minutes then the hydrometer was gently immersed in the cylinder and 

allowed for stabilization. The hydrometer readings were collected after 40 seconds, and again 

after 2 hours. The temperature of the suspension was also recorded at each reading for correction 

factors. Sand fraction-like particle size was calculated according to the equation used for 

hydrometer and likewise Silt fraction-like particle size and clay fraction-like particle size. 
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4.6 Sludge hydrophobicity 

The water drip penetration time (WDPT) method (Letey, 1969) was used to quantify the 

degree of water repellency (WR) of the sludge. This procedure involved placing a drop of 

water on the sludge surface and measuring the time needed for its penetration. The degree 

of hydrophobicity was evaluated from the WDPT results according to Bauters et al. 

(1998). An amount of sludge was put on a big dish and distilled water drops (50 µm) 

were taken by the Jencons Sealpette instrument and put on the surface of the sludge. 

Photos for the water drips were taken.  Oil drip penetration time was taken as a standard 

deviation of hydrophobicity. 

4.7 EC and pH measurements 

EC (mS m-1) and pH values were measured from water extract (1:5 w/v) on wet samples, using a 

electrical conductivity probe and a pH electrode, respectively. 

4.8 Determination of Total organic matter 

Total organic matter (TOM) was determined by weight loss on ignition heating for 4 h in a muffle 

furnace at 560°C after heating at 250ºC 30 min. Mineral matter (%MM) is %MM=100-%TOM.  

4.9 Determination of water soluble nitrogen fractions 

4.9.1 Nitrate fraction  

Nitrate levels in the sludge was deformed according to the salicylic acid method (Cataldo 

et al. 1975) and which converts the nitrate concentration under acidic media to the 

corresponding nitrosalicylic acid with yellow color according to the following chemical 

reactions shown in Figure 4.2. 
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The intensity of the yellow color represent the nitrate concentration and it was determined using a 

spectrophotometer. After making a standard curve of nitrosalicylic acid , the same procedure was 

done to the filtrate from 10 g of sludge in 50ml of water. Results were expressed in g kg-1 dry 

weight basis.  

4.9.2 Ammonium fraction 

Ammonium was determined using Kjeldahl method without the digestion step. Ten ml of the 

filtrate of 10g of sludge in 50ml of water after shaking overnight were taken to the distillation 

step of Kjeldahl and then to the back titration step to determine the ammonium fraction using 

hydrochloric acid. Results were expressed in g kg-1 dry weight basis.  

 

4.10 Determination of total organic nitrogen fraction 

Organic nitrogen (org-N) was determined using Kjeldahl digestion. C/N was calculated using 

Equation 3 (Zucconi and de Bertoldi, 1987; Saña et al., 1989): 

Figure 4.2 Nitro-salicylic acid produced as yellow color during determination of nitrate level in 

sludge samples. 
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Parameters relating to organic matter and nitrogen stabilisation were conducted according to 

Klason method and Saña et al. (1989): resistant organic matter (ROM) and non-hydrolysable 

nitrogen (nH-N) was determined as TOM and org-N in the dried residue obtained after two 

successive sulphuric acid hydrolyses (one in a cool for 3 hours with 72% H2SO4 followed by a 

second boiling hydrolysis under reflux for 5 hours in H2SO4 0,7N). The reactions based on the 

following equations  

 

 

4.11 Determination of Nutrient content 

4.11.1 Determination of Cations 

Ten g of sludge samples were suspended in 25 ml distilled water form a ratio of 1:2.5 

w/w and shaken over night the pH and EC and TDS were measured to each sample. Then 

additional 25 ml water were added to form a ratio 1:5 w/w.  Nutrient content (K, Ca, Mg, 

and Na, expressed as g kg-1 dry weight basis) were determined by atomic absorption 

spectrometry (Ca, Mg), flame photometry (K, Na) (Saña et al., 1989). 

 

4.11.2 Determination of Anions 

The sulphate (SO4) was determined using the turbidity method and in this procedure 

sulfate ion is converted to a barium sulfate suspension under controlled conditions. The 

resulting turbidity is determined by spectrophotometer at 420 nm and compared with a 

curve prepared from standard sulfate solution. 

While the orthophosphate was determined using ascorbic acid method. 

                 (2) 

              (3) 

                   (4) 

                 (1) 
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The chloride was determined using the titrimetric method by titrating it with silver nitrate 

(AgNo3) in the presence of potassium chromate as indicator 

4.12 Determination of the undesirable material such as heavy metals  

Following the procedure described by Bashour and Sayegh (2007) the heavy metal 

concentration in sludge samples will be described. In this procedure, 0.5-2 g air dried 

sludge were digested in 10 ml of nitric acid 78% and kept under heating with flux at 65 

o
C for 24h. Then the system was heated up to 120 

o
C for another 24h. After complete 

digestion (nearly clear solution appeared). The system was left for cooling at the room 

temperature. The digested sludge was filtered through whattman scale 43, filter paper 

ashless. The collected filtrate was completed to the mark of volumetric flask capacity 25 

ml with the same acid solution. Then the heavy metals were analyzed using inductive 

coupled plasma analyzer (ICP) at the Rural and Environmental Study Center, Faculty of 

Science, The Islamic University-Gaza. 

4.13 Biological investigation 

BOD and COD of the sludge samples were measured according to the standard method.  

4.13.1 COD Determination: 

Following the procedure described by ASTM 1995, Chemical Oxygen Demand was 

determined. Ten grams air-dried sludge were added to erlenmeyer flask containing 50 ml 

water and kept under magnetic shaking for 48h. Then supernatant was removed by using 

Buchner funnel. 2 ml of the supernatant was transferred to the COD digestion tube. 2.8 

ml, potassium dichromate reagent (Sulfuric acid + silver sulfate + 10g potassium 

dichromate) was added to the tube in addition, 40mg mercuric sulfate. The tubes were 

heated up to 160 
o
C for 2h in the digestion block of COD. Standard Solution of potassium 

hydrogen phthalate (KHP) ranged from 0-2000 mg/l COD. The developed blue color was 

determined at 620 nm using spectrophotometer. Calculation of COD in sludge samples 

was obtained using regression equation of the standard curve. The results of sludge 

samples were made and obtained. Average and standard curve were calculated. Low 

value of standard deviation indicates homogeneity and precision of results.  
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4.13.2 BOD determination: 

Ten grams of air-dried sludge were transferred to erlenmeyer flask containing 50ml of 

distilled water and kept under magnetic shaking for 48h. The supernatant was collected 

by Buchner funnel. 43ml was transferred to an OxiTop dark brown gloss tube. The 

consumed O2 after 5days was regarded automatically by machine and the reading was 

adjusted to the results according the dilution factor. For every dose the dilution factor was 

3. Three replicates were made for BOD determination. Average and standard deviation 

were calculated. 

4.14 Effect on agricultural growth 

Amounts equivalent to 0, 1, 5, and 10 ton sludge/ha were tested in pot experiments using 

corn as test plant and these equivalent amounts were respectively 0g/pot surface area , 

4.2g/pot, 21g/pot, 4.2g/pot. In this experiments, the above mentioned rates of sludge were  

mixed with sandy soil collected from an agricultural area using 5 replicates for each 

equivalent amount. The pot volume was 8.8L and the average soil amount volume was 

6.5L with an average surface area of 0.0415 m
2
. Five corn seeds were sown in each pot 

and irrigated with regular water free from fertilization. Corn plants were harvested after 

90-100 day after planting. Plant height and/or fresh biomass were taken as an indicator of 

plant response to sludge addition to soil. 

4.15 Plant Harvesting  

With slight modification of previous calculations (El-Nahhal et al., 1998) and recent 

updates by El-Nahhal et al. 2013, % growth was calculated according to the following 

equation  

 

  

Whereas PWt and PWc are plant weight (g) in the treatment and control sample 

respectively. 

 

(5) 
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4.16 Statistical analysis 

The statistical analysis of data was performed with ANOVA test using Excel program 

The samples were in three replicates; Mean and standard deviation were calculated.  

Analysis of variance among treatment was performed using t-test, p-values below 0.05 

indicate significant differences.  
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Chapter 5 

Results and Discussion 

 

5.1 Physical Properties of sludge 

5.1.1 Density and void volume 

 

The bulk density of sludge is measured according to the mass per unit volume technique 

mentioned in chapter 3. 

The bulk density of sludge is about 1.18 ± 0.04 g/cm3 which is nearly half the real 

density. The explanation of these data is that bulk density includes void volume, some 

water vapor and other gases which contribute to decreasing the density. These results 

agree with O‟kelly (2005) who found that moderately digested sludge material has a 

typical specific gravity of solids value of 1.55.  The similarly of densities of sludge and 

soil samples suggest that sludge sample contained high fraction of solid materials which 

may be sand. Furthermore, the void volume of sludge is about 50% of the total volume as 

shown in Table 5.1. 

 

 

 

 

 

 

This may indicate high porosity of sludge, in addition this could contribute to the aeration 

of sludge. This is in agreement with O‟kelly (2005) who found that re-hydration of dry 

sludge caused the bulk density to double.  As the bulk density indicates the solid material 

volume. The presented results agree with Ruan and Liu  (2013) who analyzed the fractal 

structure of activated sludge and found that the sludge was constituted by a series of 

clusters with different sizes and has various holes and gaps that formed a range of pore 

structures the enable sludge to have a high void volume. Such a fact makes the sludge to 

be used in agriculture to store irrigation water and keep good aeration to the soil. Thus, it 

Table 5.1 Bulk and true density and void volume 

item value 

Bulk Density 1.18±0.04 

Real Density 2.13±0.15 

Void volume  50%±3.6 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ruan%20XD%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Ruan%20XD%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
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improves the soil texture. Our result agree with Hu et al., (2012) who found similar bulk 

density of sludge (1.05 g/cm
3
). 

 

 

5.1.2 Water holding capacity 

 

Water holding capacity or water retaining capacity is one of the main parameters to 

determine the suitability of sludge to agricultural lands. The average moisture content of 

sludge at air dry basis is about 1.81+0.06% which is several times higher than sand 

(0.14+0.02%). In addition water holding capacity of sludge is about 54.45±1.1%. This 

indicates that water holding capacity of sludge is nearly 2 times higher than soil water 

holding capacity as shown in Table 5.2.  

 

 

 

 

 

These results lead to the conclusion that if the sludge is used as a conditioner for any soil, 

it will increase the water holding capacity. Consequently, a reduction of irrigation water 

in agriculture may occur.  The explanation of these results is that the sludge has more 

porosity because of its fine particles and less permeability that is the continuity and 

connection of voids between its particles. These results are in accord with the data in 

Table 4.1. 

 

5.1.3 Hydrophobicity of Sludge Samples  

 

It has been reported that the sludge water drip penetration time (WDPT) was 

114.77±16.76 seconds and the average wetted radius was 0.44±0.09 cm. Meanwhile, 

sludge oil drip penetration time (ODPT) was 5.05±1.26 seconds and the average wetted 

radius was 1.25±0.14 cm. On the contrary, the WDPT of sand was 0.86±0.22 sec(s) and 

Table 5.2 Water holding capacity and moisture content for sludge. 

sample Water content (%) Water holding capacity (%) 

Sludge 1.81+0.06 54.45±1.1 

sand 0.14+0.02 32.05±2 
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the average wetted radius was 1.167±0.164 cm whereas the sand ODPT was 10.11±2.02 

sec(s) and the average wetted radius for the oil drops on sand was 1.07±0.14.  In addition, 

the ratio WDPT/ODPT of sludge is 22.73 which is higher than 1 and the ratio 

WDPT/ODPT of sand is 0.08 sec(s) which is much lower than 1 as shown in Table 5.3. 

  

 

 

 

 

 

 

This means that the water drop needs more time than the time needed for an oil drop to 

penetrate the sludge surface. This leads to the conclusion that the sludge is a hydrophobic 

more than sand indicating that there may be retardation and/or reduction in the infiltration 

rates of rainfall to the aquifer if applied in agriculture (Letey,1969; Wallis et al., 

1991;Feng et al., 2001; Arye et al. 2011) .This in turn, may lead to increased surface 

runoff (Burch et al., 1989; Arye et al. 2011), soil erosion (Shakesby et al. 2000; Arye et 

al. 2011), which may cause inhomogeneous distribution of water and nutrients in the root 

zone of crop plants and may accelerate pollutant transport to the ground water 

(Hendrickx et al., 1993; Wang et al., 1998; Carrillo et al., 2000a,b; Arye et al. 2011).  Our 

results agree with previous reports (Bauters et al.,1998) who found similar results in drop 

penetration for TWW in agricultural irrigation. Furthermore, sand WDPT was 0.86±0.22 

seconds and sand ODPT was 10.11±2.02 seconds and the ratio WDPT/0DPT was 0.08 

which is less than 1 meaning that the WDPT is less than the ODPT for sand. This 

indicates that sand has hydrophilic surfaces. The photos of water drop before and after 

penetration on the sludge surface are shown in Figure 5.1. 

 

 

 

 

 

Table 5.3 Average water and oil drop penetration time ± standard deviation  

Sample type WDPT (sec) Radius (cm) 

ODPT 

(sec) 

Radius 

(cm) WDPT/ODPT 

Sludge 114.77±16.76 0.44±0.09 5.05±1.26 1.25±0.14 22.73 

Sand 0.86±0.22 1.167±0.164 10.11±2.02 1.07±0.14 0.08 
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Figure 5.1 Water drop penetration, upper photo shows water drop at time zero, down 

photo shows penetrated drop.   

It is obvious from Figure 5.1 that water drop is stayed on the surface of the sludge for 

longer time due to the water repellency with the sludge surface. It was not possible to get 

a photo for water drop in sand because it disappeared immediately from surface as shown 

from the presented results in Table 5.3.    

A comparison between water drop and oil drop sludge aggregates is shown in Figure 5.2.   
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It is obvious from Figure 5.2 that sludge water aggregates are smaller than oil sludge 

aggregates due to the hydrophobicity of sludge surface, water diffusion diameter in 

sludge is smaller that oil diffusion diameter as shown in Table 5.3. Accordingly, the 

aggregates size of the oil drop is larger than in sand. The explanation of these results is 

that sludge samples contain high fraction of organic matter that make a layer that 

prevents water penetration due to the hydrophobicity of water. Furthermore, in chemistry, 

the like dissolve like. This means that hydrophobic solvent dissolve hydrophobic 

(organic) materials. And hydrophilic solvent (water) dissolve hydrophilic materials (e.g. 

NaCl). Due to surface tension and bi-bonds and hydrogen bond interactions, it is hardly 

to dissolve organic material or NaCl in organic solvent. For water and sludge this is like 

two different solvents in the interphase. Accordingly, the values of WDPT were very 

high due to high fraction of organic carbon. Similar results were observed when TWW 

was used for irrigation (Wallach et al. 2005). The low value of ODPT is due to possible 

dissolving of oil drop in the organic in sludge. 

 

Oil drop on Sludge aggregates 

Water drop on Sludge aggregates 

Figure 5.2 Water and oil drop on sludge aggregates.  
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5.1.4 Particles size distribution of sludge samples  

Particle size distribution of sludge samples was determined using the hydrometer method 

explained in chapter 4. 

As shown in Figure 5.3, the large size particles (630-200 µm) have the highest percent 

size fraction which is nearly equal to 90% while the medium size particles (200-20 µm) 

have percent size fraction which is nearly equal to 10% and the fine size particles (<20 

µm) have percent size fraction which nearly is equal to 3%. The medium size particles 

are nearly similar.  

 

 

 

These results can be attributed to the fact that large size particles may be sand small 

gravels or other aggregates. The explanation of these results is that the large size fraction 

may be consisting of small size particles that aggregate together throughout cementing 

materials make them stable against fractionation. The presented results agree with 

Verawaty et al. (2013) who studied the particle size growth in aerobic granular sludge 

systems and revealed that granules in the reactors did equilibrate towards a common 

critical size of around 600-800 μm. Further supports to the presented results come from 

the results of Ruan  and Liu  (2013) who analyzed the fractal structure of activated sludge 

Figure 5.3 Particle Size distribution of sludge samples as percent fraction.   

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ruan%20XD%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Ruan%20XD%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
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flocs using the small-angle light scattering (SALS) experiment and revealed that the 

sludge floc was constituted by a series of clusters with different sizes and has various 

holes and gaps and there were a range of pore structures within the sludge floc.  

 

5.2 Chemical properties of sludge   

5.2.1 pH and EC and TDS values  

 

5.2.1.1 pH value of sludge samples  

As shown in Table 5.4, the sludge samples have an average value of pH equals to 6.78 

with a standard deviation of 0.02. This value is approximately in the acidic range of pH.  

 

 

 

 

 

 

 

This result can be explained by the fact that sludge samples contain large fraction of total 

kjeldahl Nitrogen (Table 5.5) which may be decomposed into amino acids that maybe 

ionized and produced hydrogen ion that is responsible of the acidity. However, this value 

of pH indicates that the sludge acidity is not so severe and it is in the acceptable range in 

term of agricultural use (Sial et al., 2006). 

These results are in accordance with (Sial et al 2006) who found acidic pH values of 

sludge samples. The importance of pH value of sludge emerges from the fact that the 

solubility of heavy metals in sludge samples is pH-dependent. Accordingly, acidic media 

may enhance the solubility of heavy metals in sludge samples and make them 

dynamically toxic. Thus, high risk may be associated with acidic pH range and the 

opposite is true for alkaline pH.  

 

 

 

Table 5.4 pH and EC values of sludge samples 

Property  Value  

pH 6.78±0.02 

EC (mS cm-1) 2.49±0.04 

TDS (mg/l) 256.4±47.05 
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5.2.1.2 EC value of sludge samples  

 

It is obvious that EC value of the sludge samples is 2.49±0.04 mS cm-1 as shown in Table 

5.4. This may be due to the accumulation of high soluble salts in the sludge samples 

which comes from the nature of the treated waste water, where Gaza is known for its high 

saline wastewater (PWA,2012). This EC value indicates a high salinity and also indicates 

that a large fraction of natural salts are available in sludge. This value of EC indicates 

that the sludge can not be applied in all agricultural crops due to this high salinity. 

Moreover, the importance of EC value emerges from the fact that it represents all soluble 

salts in sludge at dry conditions as in Gaza this may enhance the accumulation of salts on 

the surface of sludge samples or soil treated with sludge. This situation may lead to the 

loss of soil productivity.  Our explanation is supported by the results of (Novak and 

Trapp 2005) who found rather saline EC (14 mS cm
-1

) of the saturated paste extract. 

 

5.2.1.3 TDS value of sludge samples  

It can be seen from table 5.4 that the Total Dissolved Salts value of the sludge samples is 

256.4±47.05 mg/l. This value of TDS is not so high  

 

5.2.2Nitrate, ammonium and TKN Concentrations  

The importance of nitrate levels in sludge samples emerged from the fact that sludge can 

be used as an alternative source of nitrate instead of NPK application in agriculture. 

According to the methods described above, we generated a standard nitrate curve by 

converting the nitrate into the corresponding nitro-salicylic acid and created the 

relationship between the optical density and concentration relationship. Optical density 

nitrate concentration relationship is shown in Figure 5.4.  

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Novak%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23961125
http://www.ncbi.nlm.nih.gov/pubmed?term=Trapp%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23961125
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It can be seen that the intensity of the yellow color (nitro-salicylic acid) and the optical 

density relationship are linear up to the concentration below 1mg/l. We worked in a very 

dilute solution to all nitrate concentrations. As obvious a linear relationship was observed 

with a value of R
2 
= 0.9988 indicating a strong positive association. 

 

Accordingly, the linear relationship is expressed by the equation Y=1.2928X with R
2 

value of 0.9988 which indicate a strong positive association. Thus, this equation was used 

to determine the nitrogen concentration in the sludge samples. The value of nitrate level 

in sludge equals to 18.03±2.8 mg/kg sludge as shown in Table 5.5. The nitrate level tends 

to be low but it is nearly large due to the anaerobic condition of sludge. The explanation 

of low level nitrate in sludge samples is probably due to the anaerobic conditions of 

sludge. This anaerobic condition reduced the nitrate into ammonium hydroxide due to 

denitrification process. This explanation is supported by the results of Dvořák et al., 

(2013) who investigated the nitrification performance in a membrane bioreactor treating 

industrial wastewater and concluded that mixing the municipal waste water with 

Figure 5.4 Optical density nitrate concentration relationship.  Standard curve. 
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industrial waste water in the level up to 50% resulted in a breakdown of nitrification 

process. Furthermore, the nitrate level in treated wastewater does not exceed 5 mg/l due 

to anaerobic condition in the treatment plant (El-Nahhal et al., 2013). However, this level 

of nitrate can be sufficient for plant nutrition. In contrast, Total kjeldahl Nitrogen (TKN) 

is nearly high and equals to 5000.04±757.5 mg/kg sludge (Table 5.5). This high value 

presents all fractions of organic nitrogen as shown in Table 4.5.  Our results agree with 

Sreesai et al. (2013) who indicated that digested sewage sludge had high value of total 

nitrogen (2.17 ± 0.07%).  

 

 

 

 

 

 

 

The value of Total Kjeldahl Nitrogen (TKN) of the sludge is 5000.04±757.5 mg/kg, 

whereas the value of the Total Soluble Nitrogen is 61.63±31.69 mg/l which includes 

ammonium hydroxides and probably amino acids. These results are in agreement with 

Zuo et al., (2013) who evaluated the heterocyclic nitrogenated compounds in sewage 

sludge and revealed that heterocyclic nitrogenated compounds made up 38.5-61.21%. 

 

This value of total soluble N is considered moderate level. However, the explanation of 

this result is that all nitrogen fractions in wastewater or sludge are present in the form of 

organic nitrogen or in the reduced form (NH3, NH4OH) due to the anaerobic condition of 

TWW or sludge. Accordingly, moderate to low values of soluble N may be found. Our 

result are also supported by the previous work of EL-Nahhal et al. (2013) who found low 

nitrate concentration in the treated wastewater .  

Furthermore, it is obvious that (TKN) is high 5000.04±757.5 mg/kg. This indicates a high 

fraction of TKN, the explanation of this result is that sludge originated from human feces 

which contain a high fraction of protein due to high consumption of protein. It has been 

shown that the protein consumption per capita per day is 40g/capita/day. High fraction of 

Table 5.5 Nitrogen levels in sludge. Values represent average and standard deviation. 

 Sludge 

TKN mg/kg 5000.04±757.5 

Total Soluble N mg/l 61.63±31.69 

nitrate mg/kg 18.03±2.8 
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this protein goes to the wastewater treatment plant and end up by sludge samples. 

Accordingly, high fraction of total Nitrogen was observed in sludge samples. Moreover, 

the total soluble nitrogen is 61.63±31.69 mg/l, regardless of the high value of standard 

deviation; the total soluble nitrogen is nearly in the expected range. This includes 

ammonia, amines and amino-acids. Recent papers showed similar results (Sheng Y, Xing 

L. 2013).  

 

 

5.2.3 Concentrations of Anions 

5.2.3.1 Chloride concentration  

Chloride concentration in sludge samples were determined according to the data of 

standard curves presented in Figure 5.5, and the result is shown in Table 5.6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5 Standard curve of chloride determination in sludge samples. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Sheng%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24136576
http://www.ncbi.nlm.nih.gov/pubmed?term=Xing%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24136576
http://www.ncbi.nlm.nih.gov/pubmed?term=Xing%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24136576
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It is obvious that a linear relationship is shown in concentration at AgNO3 below 4 mg/l 

with an equation of y =0.2996x-0.0106 with a value of R
2
=0.9803 indicating a strong 

positive association between the Cl (ml) and Na concentration mg/l. Accordingly, in the 

range of 0-4 mg/l, concentration of Cl may be determined. However, concentration above 

this range may need several dilutions. Nevertheless, within the range, a strong positive 

association was observed R2=0.9803. This relationship allows us to determine Cl 

concentration in the sludge sample. However, Cl concentration is 25.84±4.26 mg/kg 

(Table 5.6) which is in the acceptable levels of Cl standards (EPA 2005) 

 

5.2.3.2 Sulfate concentration  

The relationship between the optical density and sulfate concentration are linear below 60 

mg/l as shown in Figure 5.6.  

 

 

 

 

Figure 5.6 Standard curve of sulfate concentration. 
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It can be seen that the relationship is a linear relationship expressed by the equation 

Y=0.035X+0.066 with R
2 
value of 0.9971 which indicate a strong positive association.  

Accordingly, this equation enabled us to determine the sulfate concentration in the sludge 

samples. According to the present equation, sulfate concentration in sludge is 18.59±2.44 

g/kg. This value nearly looks high but in fact sulfur containing protein is a high fraction 

in nature. Sulfate level is nearly high due to the high solubility in water and its solubility 

is not pH-dependent. Similar results were recently obtained by Jing et al.,(2013). 

 

5.2.3.3 Phosphate concentration 

The optical density and phosphate concentrations relationship are shown in Figure 5.7.  

 

 

 

Figure 5.7 Standard curve of Phosphate determination in sludge samples. 
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The relationship is linear and expressed by the equation Y=0.3157X+0.2313 with R
2 

value of 0.9719 which indicate a strong positive association. Accordingly, this equation 

enabled us to determine the phosphate concentration in the sludge samples 

 

It is obvious that chloride concentration is the lowest one among all cases and sulfate is 

the highest level among the measured anions followed by phosphate as shown in Table 

5.6.  

 

 

 

 

 

 

 

 

The explanation of these results is that these values represent the soluble fraction of Cl
-
, 

SO4
-2

, and PO4
-3 

in sludge samples. The low value of phosphate concentrations in sludge 

samples is due to the fact that, phosphate solubility is pH-dependent. Accordingly, at low 

pH value high phosphate levels may be found in sludge. However, at the current pH 

value of sludge (Table 5.2) low fraction of phosphate was found due to low acidity of 

sludge. This value is supported by the fact that phosphoric acid is a weak acid and has 3 

dissociation constants. We gave explanation at the current sludge pH value, phosphate is 

not high because phosphoric is a weak acid and has thee dissociation constants. This 

indicates that phosphate solubility is pH-dependent, whereas sulfate and chloride are not 

pH-dependent. Accordingly, high level of sulfate ion was detected which is normal.  It is 

obvious that the phosphate level is 0.434±0.023 g/kg in the sludge. In addition, the sulfate 

level is 18.59±2.44 g/kg.  As obvious, nearly low values of PO4
-3

 are available in sludge 

samples. This value represent only the soluble fraction of phosphate not all phosphate. 

Under pH value 6.78, phosphate ion tends to precipitate from the solution. Similar 

observations were given recently by Luan et al., (2013). 

 

Table 5.6 Chloride, sulfate and phosphate concentrations.  Values represent average and 

standard deviation  

Anion average 

Cl
-
 (mg/kg) 25.84±4.26 

SO4
-2

 (g/kg) 18.59±2.44 

PO4
-3

 (g/kg) 0.434±0.023 
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5.2.4 Determination of sodium, potassium, calcium and magnesium:  

5.2.4.1 Determination of sodium 

The relationship between flame-photometer readings and Na+ concentrations is 

curvatures at the tested concentrations. 

 

 

A 

Figure 5.8a Standard curve of sodium determination in sludge sample. Real readings 
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It is obvious that at low Na concentrations, a linear relationship was observed. These 

relationships were converted to logarithmic scale to both variables (log-log relationship). 

It can be seen that these relationships are best expressed by the equation y = 0.4691x + 

0.9896 and the R2 value is 0.9495 which suggests a positive strong association between 

the log Na concentration and the log spectrophotometer readings Figure 5.8b. 

Accordingly, this equation is used to determine the sodium concentration in the sludge 

samples. It can be seen that the relationship of both curves are curvatures and looks like 

Sigmoid curves.  

 

 

 

B 

Figure 5.8b Standard curve of sodium determination in sludge sample. Log scale readings 
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Similarly to Figure 5.8a, we got a Sigmoid curve for flame-photometer readings and 

potassium concentration. We converted this relationship (Figure 5.9a) into a log scale, we 

got Figure 5.9b.  

 

5.2.4.2 Determination of potassium  

 

The relationship between flame-photometer readings and K+ concentrations is a 

curvature at the tested concentrations. It is obvious that the relationship curve in Figure 

5.9a is not a linear relationship, this relationship was converted to a linear one by using 

the logarithmic scale to both variables (log-log relationship) in Figure 5.9b and it can be 

seen that the relationship is best expressed by the equation y = 0.5263x + 1.5373 and the 

R
2
 value is 0.9521 which suggests a positive strong association between the log K 

concentration and the log spectrophotometer readings. 
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A 

Figure 5.9a Standard curve of Potassium determination in sludge sample. Real readings 

 

Figure 5.9b Standard curve of Potassium determination in sludge sample. Log scale readings.  
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Accordingly, this equation was used to determine the potassium concentration in the 

sludge samples. Thus, we used the log scale equations to determine Na and K ions in the 

sludge samples. However, the determined Na and K concentrations are shown in Table 

5.7.  

5.2.4.3 Determination of calcium and magnesium 

 

Calcium and Magnesium concentrations in the sludge samples were determined using 

EDTA Titration using plank and sample readings. It can be seen from table 5.7 that the 

sodium concentration is 28.93 ± 6.85 mg/kg. In addition to that the potassium 

concentration is 2.53 ± 0.43 mg/kg. Moreover, the calcium concentration is 271 ± 38.74 

mg/kg and the Magnesium concentration is 177 ± 67 mg/kg. Furthermore, Fe 

concentration is 125.12±13.65 mg/kg. As obvious from the table, K is the lowest 

concentration among all of the cations and Ca is the highest concentration among all 

cases. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

The high concentration of sodium or potassium ion in sludge samples may be attributed 

to the fact that a lot of surfactants, cosmetics, and soups are containing sodium or 

potassium in their chemical structure. These materials are exposed to biodegradation 

during sludge formation resulting in transferring sodium or potassium into inorganic form 

(e.g NaCl). Our discussion is supported by Ambily and Jisha (2012) who found that 

surfactant, cosmetic product formulations, contributes significantly to the pollution 

profile of sewage and wastewater with various compounds including cations. Further 

supports to our results comes from El-Nahhal (2006) who reported high concentration of 

Table 5.7 Sodium, potassium, calcium and Magnesium concentrations in sludge samples 

 

Cations Concentration mg/kg 

Na 28.93 ± 6.85 

K 2.53 ± 0.43 

Ca 271 ± 38.74 

Mg   177 ± 67 

Fe 125.12±13.65 
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cations in treated sewage water. Further support for our discussion may come from the 

results of Zheng et al. (2013) who correlated the high concentrations of cations in aerobic 

granular sludge with the low concentration of Cu
++

 in sludge. In contrast they reported 

decreased cation concentration with the increased concentration of cupper ion.   

5.2.5 Concentration of heavy metals  

 

It can be seen from Table 5.8 that Fe concentration is 125.12±13.65 mg/kg. In addition, 

the cupper concentration is 172.56±61.53 mg/kg. Moreover, lead concentration is 

75.86±1.63 mg/kg. Furthermore, the zinc concentration is 218.73±8.35 mg/kg. The 

manganese concentration is 157.96±21.67 mg/kg. It is obvious that Zn concentration is 

the highest one among all cases followed by cupper and manganese. Moreover, lead 

concentration is the lowest one among all.  

 

 

 

 

 

 

 

 

 

 

The high levels of heavy metals can be explained by the fact that industrial wastewater 

network is connected with the domestic wastewater network. Both wastewaters come 

together to wastewater treatment plant. The mixing of industrial wastewater with 

domestic wastewater allows heavy metals to precipitate due to the changes of pH values 

from acidic range in the industrial wastewater to alkaline range in the domestic 

wastewater. The precipitated heavy metals react with organic acid that generated from the 

biodegradation of the organic wastes in the treatment plant and with inorganic acid.  

This process makes an accumulation of heavy metals in sludge.  Our explanation is 

supported by the results of Zhang et al. (2013) who investigated the distribution and 

Table 5.8 Heavy metals levels in sludge. Values represent average and standard deviation (mg/kg) 

Heavy metals 

average± stdev 

(mg/kg) 

USEPA 

standards 

(mg/kg)
a
 

Cu 172.56±61.53 4300 

Pb 75.86±1.63 840 

Zn 218.73±8.35 7500 

Mn 157.96±21.67  

a: Dry weight basis 
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variation trend of heavy metals in sludge samples collected from different wastewater 

treatment plants in China and showed that contents of heavy metals in sludge varied 

significantly, and the average contents exhibited an order of Cr > Zn > Cu > Pb > As > 

Hg > Cd. However, the presence of heavy metal in sludge sample may move to the plant 

during the agricultural process (El-Nahhal et al., 2013). Furthermore, the presence of 

heavy metals in sludge may become toxic to soil nitrifying or denitrifying bacteria that 

benefit the plant growth. This explanation is supported by the results of Feng et al. (2013) 

who studied the effects of heavy metals in wastewater on anoxic/aerobic-membrane 

bioreactors performance and revealed that the nitrification/ denitrification rates were 

dramatically decreased in different percentages based on the concentration of heavy 

metals in wastewater. Accordingly, it may be necessary and recommended to removal 

heavy metals from sludge samples before agricultural application. Our recommendation 

is supported by the work of de la Varga et al. (2013) who investigated the long-term 

removal of heavy metals in a combined up-flow anaerobic sludge bed system treating 

municipal wastewater and revealed that High removal efficiencies were found for some 

metals in the following order: Sn>Cr>Cu>Pb>Zn>Fe (63-94%) and medium removal 

efficiencies for Ni (49%), Hg (42%), and Ag (40%), and finally Mn and As showed 

negative percentage removals. Further support come from the results of Wojciechowska  

and Gajewska (2013) who studied the retention of heavy metals at two pilot-scale 

treatment wetlands, consisting of two vertical flow beds followed by a horizontal flow 

bed  and revealed that a major removal pathway was sedimentation and adsorption onto 

soil substrate as well as precipitation and co-precipitation.  It has been shown (Kaschel et 

al. 2002) that application of compost containing high fraction of heavy metals expose 

plant and ground water to contamination of heavy metals. In addition, El-Nahhal (2006) 

found heavy metals in the drinking water collected from different sources and attributed 

this to possible contamination from industrial wastewater out house. In comparison with 

USEPA 1994 standards, the heavy metals concentrations in the sludge are found to be 

many times lower than USEPA 1994 standards. Accordingly, the sludge can be used in 

agriculture. More details are shown in the Annex.  

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Wojciechowska%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed?term=Wojciechowska%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed?term=Gajewska%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
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5.2.6 Determination of COD and BOD 

The optical density of various concentrations of potassium hydrogen phthalate KHP was 

measured at 620 nm and used as a standard curve for measuring the COD value of the 

sludge. It can be seen from Figure 5.10 that the relationship is a linear one and expressed 

by the equation y = 0.0003x with an R
2 

value of 0.997. This indicates a strong positive 

association.  

 

 

 

 

 

Accordingly, this equation enabled us to determine the COD in the sludge samples. The 

determined value is presented in Table 5.9. Furthermore, BOD value is also determined 

according to the described method above.  

 

 

 

 

 

 

Figure 5.10 COD measurements, optical density of phosphate concentration relationship.  

Standard curve. 

 

Table 5.9 BOD and COD values of Sludge. Values represent average and standard deviation 

(mg/kg) 

Item average  

COD (60.9 ±6.7)*10
3
 mg 

BOD 115 ±28.87 mg 
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It can be seen that the COD is very high value (60.9 ±6.7)*10
3
 mg indicating variety of 

chemical pollution. Our results are nearly different from the results produced by Lu et al., 

(2013) who investigate the effects of anaerobic fermentation on sludge properties and 

showed that the soluble chemical oxygen demand (SCOD) of sludge containing 50 g/L 

total suspended solids was 16.53 g/L, much higher than that from the sludge containing 

20g/L total suspended solids. The SCOD/total nitrogen ratio of sludge containing high 

valued L total suspended solids, varied from 8 to 14.29 g/g, indicating that the sludge 

could serve as a carbon source for biological denitrification. The value of BOD is several 

times lower indicating low biological contamination in the sludge samples. The 

explanation of these results is that the drying process under direct sunlight in June-July 

could dramatically reduce the potential contamination as shown by low BOD value (115 

±28.87mg).But this treatment (sludge drying) did not reduce the chemical contamination. 

Accordingly, high COD value was observed. Our results agree with Mungray AK and 

Kumar P (2008) who found similar results.  

5.2.7 Organic Fraction of Sludge 

 

As shown in table 5.10, the percent organic fraction is about 89.53±0.92% and ash% is 

about 10.47±0.93%. The high fraction of organic matters in sludge is responsible for the 

high values of WDPT. This may enhance water repellency and water runoff (Table 5.3). 

Furthermore, this high fraction of organic matters is in accord with the fraction of Total 

Kjeldahl Nitrogen (TKN) (Table 5.5). 

 

 

 

 

 

Our results agree with the report of Malamis et al (2013) who evaluated the nutrients 

removal from the supernatant originating from the anaerobic digestion of the organic 

fraction of municipal solid waste using biological means. They reported that such 

effluents are characterized by high nutrient content, because organic and particulate 

Table 5.10 Total organic carbon and ash percents. 

%TOC 89.53±0.92 

%Ash 10.47±0.93 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Mungray%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=23128622
http://www.ncbi.nlm.nih.gov/pubmed?term=Kumar%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23128622
http://www.ncbi.nlm.nih.gov/pubmed/23808751
http://www.ncbi.nlm.nih.gov/pubmed/23808751
http://www.ncbi.nlm.nih.gov/pubmed/23808751
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nitrogen and phosphorus are hydrolyzed in the anaerobic digestion process and needs 

adequate post-treatment such as physicochemical and biological processes. 

Calculating C/N ratio according to Eq(3) in section 3.9 of this thesis showed a value of 

1:0.88 which indicates the importance of C/N ratio for plants and agriculture.  

5.2.8 Influence of sludge on Soil properties  

5.2.8.1 Influence on Soil pH 

It can be seen from figure 5.11 that the pH value of the control sample (0 ton/ha) is 

8.38±0.06 and in the (1 ton/ha) treatment is 8.55±0.04 whereas, in the (5 ton/ha) 

treatment is 8.6±0.01, furthermore, in the (10 ton/ha) treatment is 8.48±0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The pH values of all soil treated sludge samples are above the pH=7 which may suggest 

that the effect of sludge on these samples was to make all of them to be alkali-oriented. 

However, the pH value in the control sample (soil +0ton/ha) is nearly similar in all cases. 

An explanation of this result is given above in section 5.2.1.1 of this thesis. Statistical 

analysis of pH values indicate significant difference between the control sample and 1 

ton, p-value = 0.04. Whereas, p-value between 1 ton and 5 ton is equal to 0.09, indicating 

Figure 5.11 pH values in soil treated with sludge at 0, 1, 5 and 10 ton/ha. Error bars 

indicate standard deviation. Columns that have the same letter are not significantly 

different at p-value =0.05   

sludge 

a b b c 
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no difference. Furthermore, significant difference was detected between 5 ton and 10 ton, 

p-value equals to 0.038. 

 

5.2.8.2 Influence on Soil EC  

It can be seen from figure 5.12 that the EC value of the control sample (0 ton/ha) is 

533±31.1µS cm
-1

 and in the (1ton/ha) treatment is 547.5±12.021µS cm
-1

 whereas in the 

(5ton/ha) treatment it is 506.5±28.99 µS cm
-1

, furthermore, in the (10ton/ha) is 

504±11.31 µS cm
-1

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The EC values are almost very high values indicating that there are many soluble salts in 

these samples as a result of this treatment with sludge. However the values of EC are 

similar as well regardless to the value of standard deviation. Regardless to the values of 

standard deviation, statistical analysis does not discriminate any difference among 

treatments. The calculated p-value ranged between 0.1-0.46 indicating no difference. 

Figure 5.12 EC values in soil treated sludge with sludge at 0, 1, 5 and 10 ton/ha. 

Error bars indicate standard deviation. Columns that have the same letter are not 

significantly different at p-value =0.05   

 

a a a a 
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5.2.8.3 Influence on Soil Nitrate  

As shown in figure 5.13 that the Nitrate concentration in the control sample is 3.94±0.46 

mg/kg, and in the (1ton/ha) treatment is 5.11±1.55 mg/kg, whereas in the (5ton/ha) 

treatment it is 4.59±1.01 mg/kg, furthermore, in the (10ton/ha) it is 4.5±2.48 mg/kg 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The values of nitrate are similar in all cases regardless to the value of standard deviation. 

Inspite of nearly large error bars, statistical analysis does not discriminate difference at p-

value equal to 0.05. The calculated p-value ranged between 0.22-0.36, indicating no 

difference. Application of sludge in soil may increase the concentration of nitrate in the 

top soil layer due to possible degradation of organic nitrogen containing compounds. The 

presented results showed high organic nitrogen content in sludge (Table 5.5). This 

organic nitrogen compound may be degraded in soil to nitrate due to the high fraction of 

organic carbon of sludge (Table 5.10) and high oxygen content of top soil layer which 

Figure 5.13 Nitrate values in soil treated sludge with sludge at 0, 1, 5 and 10 ton/ha. Error 

bars indicate standard deviation. Columns that have the same letter are not significantly 

different at p-value =0.05   

 

a a a a 
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enhance the oxidation of ammonium compounds to corresponding nitrate. This 

suggestion is strongly supported by the results of Husserl and Hughes (2013) who found 

that nitroglycerin, a contaminant of soil and groundwater, was completely mineralized in 

soil and mineralization was faster in soil containing Arthrobacter sp. strain JBH1. 

5.2.9 Influence of sludge on corn growth 

 

It is obvious from figure 5.14 that application of sludge in field experiment did increase 

the yield of corn. The increase in corn yield was optimum at the applied rate 5 ton/ha. 

Whereas 10ton/ha resulted in a slight reduction in the growth rate of corn.  

It can be seen that the (5 ton/ha) treatment yielded the highest average weight(kg) of corn 

which was 0.85kg. Meanwhile, the (1 ton/ha) yield is in the second rank regarding the 

average weight of corn and that was 0.799 Kg. Furthermore, the (10 ton/ha) effect on 

corn resulted in the least amount of average weight of corn which was 0.748Kg. 

The optimum yield was observed with a sludge at 5 ton/ha application. The highest 

application rate (10 ton/ha) did not produce high yield. 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 5.14 Effect of sludge treatments on corn growth.  Error bars indicate standard 

deviation. Columns that have the same letter are not significantly different at p-value 

=0.05   
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The % growth calculation indicated 10% difference between 1 ton and 10 ton whereas, 

the values is less than 10% between 1 ton and 5 ton, this suggest that 1ton and 5 ton 

treatments are the best among all the treatments.  Statistical analysis detected significant 

differences between the control sample (0 ton/ha) and all other treatments, p-value equals 

0.049, whereas p-value among sludge treatments ranged between 0.23-0.38. 

The explanation of these results is that 5 ton/ha could be the optimum application rate. 

Our results are supported by the work of Sreesai et al. (2013) studied the  potential 

agricultural application of Bangkok-digested sewage sludge and finished compost 

products and indicated that digested sewage sludge had high fertilizing values for organic 

matter (19.01 ± 0.09%), total nitrogen (2.17 ± 0.07%), total phosphorus (2.06 ± 0.06%) 

and total potassium (1.16 ± 0.22%).  The reduction of the yield at the highest application 

rate may be due to the possible eco-toxicity of the heavy metals that is present in sludge 

samples to some soil bacteria that is responsible for degrading organic nitrogen into 

inorganic nitrogen. This suggestion is supported by the results of Feng et al. (2013) who 

revealed that the nitrification/ denitrification rates were dramatically decreased in 

different percentages based on the concentration of heavy metals in wastewater. 

Furthermore, the high fraction of heavy metals may have a toxic effect on soil 

cyanobacteria bacteria that have a rule in nitrogen fixation in soil. However, application 

of sludge or compost in soil needs long time for biodegradation and to be available for 

plant uptake. Previous studies (Kaschel et al., 2002) reported the importance of long term 

application of compost. Furthermore, Ali et al., (2011) found that the effects of sludge or 

sewage effluent on growth parameters and elements content in plant parts and treated soil 

were more pronounced as water treatments were used for long period. The results 

suggested that the use of sewage effluent in irrigating mahogany trees grown on 

calcareous sandy loam soil was an important agriculture practice for improving soil 

properties, increasing fuel and timber production, and is an economic and safe way to 

dispose wastewaters. More supports to our results come from the work of Mahdy et al. 

(2009) who found  soils treated with 1% sludge (biosolids) along with water treatment 

residuals rates from 0 to 3% (w/w), the corn yield increased significantly (P < 0.01) but 

decreased at 4% application rate. 

http://www.ncbi.nlm.nih.gov/pubmed/23836101
http://www.ncbi.nlm.nih.gov/pubmed/23836101
http://www.ncbi.nlm.nih.gov/pubmed/23836101
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Figure 5.15 Effect of different quantities of sewage sludge (0, 1, 5 and 10 ton/ha) on the 

corn growth at pot experiment. 
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Chapter 6 

Conclusions and Recommendation 

6.1 Conclusions: 

The rationale of this work emerges from the fact that these biosolids are of great 

importance for agricultural use. Our approach based on determination of physical, 

chemical and biological properties of sludge. We took a representative samples from 

different locations from Sheikh Ejleen WWTP. It can be seen that the bulk density of 

sludge is nearly low 1.18±0.04 g/cm
3
 (Table 5.1) with a high fraction of organic carbon 

which is 89.53±0.92 (Table 5.10) and organic Nitrogen which is 61.63±31.69 mg/l 

(Table 5.5).  The water holding capacity of sludge samples was high (54.45±1.1) and the 

hydrophobicity as well by the WDPT indicator which equals 114.77±16.76 sec.  

The pH value of sludge is slightly in the acidic range which equals 6.78±0.02 (Table 5.4) 

but its application in soil does not make significant changes in soil pH (Figure 5.11).  

Sludge samples contain high fraction of anions PO4
-3

, SO4
-2

, Cl- which are respectively 

25.84±4.26 mg/kg, 18.59±2.44g/kg and 0.434±0.023g/kg (Table 4.6) and cations Na, K, 

Ca, Mg, Fe which are in respective manner 28.93±6.85, 2.53±0.43, 271±38.74, 177±67 

and 125.12±13.65 mg/kg (Table 5.7) that enable plant growth. 

The COD and BOD of sludge samples were high but in the acceptable range which were 

(60.09±6.7)*10
3
 and 115±28.87 mg respectively.  

Sludge samples contained high fraction of heavy metals (Cu, Pb, Zn, Mn) where Cu 

concentration was 172.56±61.53mg/kg (USEPA 4300 mg/kg), Pb was 75.86±1.63 mg/kg 

(USEPA 840 mg/kg), Zn was 218.73±8.35 mg/kg (USEPA 7500 mg/kg) and Mn was 

157.96±21.67 mg/kg. Application of sludge in agriculture did improve the yield of corn 

plant and the optimum applied rate is 5 ton/ha. 

It is advantageous to use sludge for agricultural application. However, these studies are 

needed to evaluate the effect of sludge on the growth of the plants that the community 

used in Gaza agricultural sector. 
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6.2 Recommendations :  

 

 Further studies should be done on large scale application of the pot experiment for 

a long period of time and using representative land areas  

 The influence of sludge on other types of plants should be studied  

 Using plant-selection strategy according to the sludge characteristics which 

should be further studied. 

 Further studies should be done on the characteristics of the sludge from the other 

WWTP(s) in order to have a bigger picture of the sludge status in Gaza Strip 

 The influence of sludge on other types of plants should be studied  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 64 

References 

 

Abu-Jalalah, S. (1999). Wastewater Treatment in Gaza. http:// 

www.mofa.go.jp/region/middle_e/peaceprocess/ewg/mission9903/gaza2.htm 

Ali HM, El-Mahrouk el-SM, Hassan FA, El-Tarawy MA. Usage of sewage effluent in 

irrigation of some woody tree seedlings. Part 3: Swietenia mahagoni (L.) Jacq. 

Saudi J Biol Sci. 2011 Apr;18(2):201-7. doi: 10.1016/j.sjbs.2010.08.001.  

Ambily PS, Jisha MS. Biodegradation of anionic surfactant, sodium dodecyl sulphate by 

Pseudomonas aeruginosa MTCC 10311. J Environ Biol. 2012 Jul;33(4):717-

20. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS. 1995. Standard test 

methods for chemical oxygen demand (dichromate oxygen demand) of water. 

D1252-95, ASTM Annual Book of Standards. American Soc. Testing & 

Materials, Philadelphia, Pa. 

Angelakis A., Marecos Do Monte M., Bontoux L. and Asano T., (1999). Review Paper: 

The status of wastewater practice in the Mediterranean basin: need for 

guidelines, Wat. Res.Vol. 33, No. 10, pp. 2201-2217. 

Arye, G., Tarchitzky, J., Chen, Y., 2011. Treated wastewater effects on water repellency 

and soil hydraulic properties of soil aquifer treatment infiltration basins. 

Journal of Hydrology 397, 136-145.  

Attaallah, Kh., 2013. Effect of Irrigation with Reclaimed Wastewater on Soil Properties 

and Groundwater Quality in Zaiton area, Gaza, Palestine.Msc thesis, Al-Azhar 

University, Gaza, Palestine. 

 Banerjee M.R., Burton D.L., Depoe S. (1997). Impact of sewage sludge application on 

soil biological characteristics. Agriculture, Ecosystems & Environment. 

66(3):241-249 

Bashour, I. and A. Sayegh (2007). Methods of analysis for soils of arid and semi-arid 

regions. FAO, Rome. Italy. 

http://www.mofa.go.jp/region/middle_e/peaceprocess/ewg/mission9903/gaza2.htm
http://www.ncbi.nlm.nih.gov/pubmed?term=Ali%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=23961125
http://www.ncbi.nlm.nih.gov/pubmed?term=El-Mahrouk%20el-SM%5BAuthor%5D&cauthor=true&cauthor_uid=23961125
http://www.ncbi.nlm.nih.gov/pubmed?term=Hassan%20FA%5BAuthor%5D&cauthor=true&cauthor_uid=23961125
http://www.ncbi.nlm.nih.gov/pubmed?term=El-Tarawy%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=23961125
http://www.ncbi.nlm.nih.gov/pubmed/23961125
http://www.ncbi.nlm.nih.gov/pubmed/23961125
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed?term=Ambily%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=24191443
http://www.ncbi.nlm.nih.gov/pubmed?term=Jisha%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=24191443
http://www.ncbi.nlm.nih.gov/pubmed/23359997
http://www.ncbi.nlm.nih.gov/pubmed/23359997
http://www.ncbi.nlm.nih.gov/pubmed
http://www.sciencedirect.com/science/article/pii/S0167880997001291
http://www.sciencedirect.com/science/article/pii/S0167880997001291
http://www.sciencedirect.com/science/article/pii/S0167880997001291
http://www.sciencedirect.com/science/journal/01678809


 65 

Bhatti Z., Furkukawa K., Fujita M. (1995). Comparative composition and characteristics 

of methanogenic granular sludges treating industrial wastes under different 

conditions. Journal of Fermentation and Bioengineering 79(3):273–280 

Bipro Ranjan Dhar, George Nakhla, Madhumita B. Ray.(2012) Techno-economic 

evaluation of ultrasound and thermal pretreatments for enhanced anaerobic 

digestion of municipal waste activated sludge. Waste Management 32:542–

549 

Boyle NJ, Evans GM. Influence of nanoparticles on the polymer-conditioned dewatering 

of wastewater sludges. Water Sci Technol. 2013;67(9):2117-2123. doi: 

10.2166/wst.2013.097. 

Burch, G.J., Moore, I.D., Burns, J., 1989. Soil hydrophobic effects on infiltration and 

catchment runoff. Hydrol. Process. 3, 211-222.  

Carrillo, M.L.K., Letey, J., Yates, S.R., 2000a. Unstable water flow in layered soils: I. 

Effect of a stable water-repellent layer. Soil Sci. Soc. Am. J. 64, 450-455. 

Carrillo, M.L.K., Letey, J., Yates, S.R., 2000b. Unstable water flow in layered soils: II. 

Effect of an unstable water-repellent layer. Soil Sci. Soc. Am. J. 64, 456-459. 

 Casado-Vela J., Sellés S., Díaz-Crespo C., Navarro-Pedreño J., Mataix-Beneyto J.,  

Gómez I. (2007) Effect of composted sewage sludge application to soil on 

sweet pepper crop (Capsicum annuum  var. annuum) grown under two 

exploitation regimes. Waste Management. 27(11):1509-1518 

Cataldo et al. (1975) Rapid colorimetric determination of nitrate in plant tissues by 

nitration of salicylic acid. Commun. Soil Science and Plant Analysis 6(1) 71-

80 

Chen M., Li X., Yang Q., Zeng G., Zhang Y., Liao D., Liu J., Hu J., Guo L.(2008) Total 

concentrations and speciation of heavy metals in municipal sludge from 

Changsha, Zhuzhou and Xiangtan in middle-south region of China. Journal of 

Hazardous Materials 160:324–329 

Criquet S., Braud A., Nèble S. (2007). Short-term effects of sewage sludge application on 

phosphatase activities and available P fractions in Mediterranean soils. Soil 

Biology and Biochemistry. 39(4):921-929 

http://www.sciencedirect.com.library.neu.edu.tr:2048/science/article/pii/0922338X95906168
http://www.sciencedirect.com.library.neu.edu.tr:2048/science/article/pii/0922338X95906168
http://www.sciencedirect.com.library.neu.edu.tr:2048/science/article/pii/0922338X95906168
http://www.sciencedirect.com.library.neu.edu.tr:2048/science/journal/0922338X
http://www.sciencedirect.com.library.neu.edu.tr:2048/science/journal/0922338X/79/3
http://www.ncbi.nlm.nih.gov/pubmed?term=Boyle%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Evans%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed/23656957
http://www.ncbi.nlm.nih.gov/pubmed/23656957
http://www.ncbi.nlm.nih.gov/pubmed
http://www.sciencedirect.com/science/article/pii/S0956053X06002340
http://www.sciencedirect.com/science/article/pii/S0956053X06002340
http://www.sciencedirect.com/science/article/pii/S0956053X06002340
http://www.sciencedirect.com/science/article/pii/S0956053X06002340
http://www.sciencedirect.com/science/article/pii/S0956053X06002340
http://www.sciencedirect.com/science/article/pii/S0956053X06002340
http://www.sciencedirect.com/science/article/pii/S0956053X06002340
http://www.sciencedirect.com/science/journal/0956053X
http://www.sciencedirect.com/science/article/pii/S0038071706004688
http://www.sciencedirect.com/science/article/pii/S0038071706004688
http://www.sciencedirect.com/science/article/pii/S0038071706004688
http://www.sciencedirect.com/science/journal/00380717
http://www.sciencedirect.com/science/journal/00380717


 66 

de la Varga D, Díaz MA, Ruiz I, Soto M. Heavy metal removal in an UASB-CW system 

treating municipal wastewater. Chemosphere. 2013 Aug 10. pii: S0045-

6535(13)01027-8. doi: 10.1016/j.chemosphere.2013.07.043.  

Devlin  C. D., Esteves R.R. S., Dinsdale M. R., Guwy J. A.(2010) The effect of acid 

pretreatment on the anaerobic digestion and dewatering of waste activated 

sludge. Bioresource Technology 102:4076–4082. 

DORSCH CONSULT.(2005).Assessment Existing Gaza WWTP. July. 

Dvořák L, Svojitka J, Wanner J, Wintgens T. Nitrification performance in a membrane 

bioreactor treating industrial wastewater. Water Res. 2013 ;47(13):4412-21. 

doi: 10.1016/j.watres.2013.03.053.  

 Egiarte G., Pinto M., Ruíz-Romera E., Camps Arbestain M. (2008) Monitoring heavy 

metal concentrations in leachates from a forest soil subjected to repeated 

applications of sewage sludge. Environmental Pollution. 156(3):840-848 

El-Nahhal, Y., 2006.  Contamination of Goundwater with heavy metals in Gaza Strip. 

Tenth International Water Technology Conference, IWTC10 2006, 

Alexandria, Egypt 1139 

El-Nahhal, Y.; Tubail, Kh.; Safi, M.; Safi, J. 2013 Effect of Treated Waste Water 

Irrigation on Plant Growth and Soil Properties in Gaza Strip, Palestine. 

American Journal of Plant Sciences Vol. 4 Issue 9, p1736-1743. 8p. 

EQA, (2005). Development of tools and guidelines for promotion o f the sustainable 

urban wastewater treatment and reuse in the agricultural production in the 

Miditerranean Countries (EQA). Gaza Strip: EQA. 

Erdem N., Sonay Sözüdoğru Ok.( 2002) Effect of brewery sludge amendments on some 

chemical properties of acid soil in pot experiments. Bioresource Technology. 

84(3):271-273 

Eric D. van Hullebusch  , Jarno Gieteling  , Wim Van Daele , Jacques Defrancq  , Piet 

N.L. Lens. (2007) Effect of sulfate and iron on physico-chemical 

characteristics of anaerobic granular sludge. Biochemical Engineering Journal 

33:168–177 

http://www.ncbi.nlm.nih.gov/pubmed?term=de%20la%20Varga%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed?term=D%C3%ADaz%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed?term=Ruiz%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed?term=Soto%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed/23942017
http://www.ncbi.nlm.nih.gov/pubmed/23942017
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed?term=Dvo%C5%99%C3%A1k%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Svojitka%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Wanner%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Wintgens%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed/23764592
http://www.ncbi.nlm.nih.gov/pubmed/23764592
http://www.ncbi.nlm.nih.gov/pubmed
http://www.sciencedirect.com/science/article/pii/S026974910800290X
http://www.sciencedirect.com/science/article/pii/S026974910800290X
http://www.sciencedirect.com/science/article/pii/S026974910800290X
http://www.sciencedirect.com/science/article/pii/S026974910800290X
http://www.sciencedirect.com/science/journal/02697491
http://www.sciencedirect.com/science/article/pii/S0960852402000469
http://www.sciencedirect.com/science/article/pii/S0960852402000469
http://www.sciencedirect.com/science/journal/09608524


 67 

Feng B, Fang Z, Hou J, Ma X, Huang Y, Huang L. Effects of heavy metal wastewater on 

the anoxic/aerobic-membrane bioreactor bioprocess and membrane fouling. 

Bioresour Technol. 2013 Aug;142:32-8. doi: 10.1016/j.biortech.2013.05.019.  

Feng, G.L, Letey, J., Wu, L., 2001. Water ponding depths affect temporal infiltration 

rates in water-repellent sand. Soil Sci. Soc. Am. J. 65, 315-320. 

Fja¨llborg B., Dave G.(2003) Toxicity of copper in sewage sludge Environment 

International 28:761– 769 

Fumagalli M, Perego A, Acutis M. Modelling nitrogen leaching from sewage sludge 

application to arable land in the Lombardy region (northern Italy). Sci Total 

Environ. 2013 ;461-462:509-518. doi: 10.1016/j.scitotenv.2013.05.029.  

 Fytianos K., Charantoni E. (1998) Leaching of heavy metals from municipal sewage 

sludge. Environment International. 24(4):467-475 

Gerardo ML, Zacharof MP, Lovitt RW. Strategies for the recovery of nutrients and 

metals from anaerobically digested dairy farm sludge using cross-flow 

microfiltration. Water Res. 2013 (in press) pii: S0043-1354(13)00348-5. doi: 

10.1016/j.watres.2013.04.019.  

Ghannam M., 2006. Performance Evaluation of Gaza Wastewater Treatment Plant. MsC 

thesis, Islamic University of Gaza, Gaza, Palestine. 

Hendrickx, J.M.H., Dekker, L.W., Boersma, O.H., 1993. Unstable wetting front in water 

repellent field soils. J. Environ. Qual. 22, 109-118. 

Hou HP, Pu WH, Shi YF, Yu WH, Fan MM, Liu H, Yang CZ, Li Y, Yang JK.(2012) 

Influence of non-ionic surfactants on sludge dewaterability. Huan Jing Ke 

Xue. 33(6):1930-1935. 

Hu SH, Hu SC, Fu YP. Resource recycling through artificial lightweight aggregates from 

sewage sludge and derived ash using boric acid flux to lower co-melting 

temperature. J Air Waste Manag Assoc. 2012;62(2):262-269. 

Hue, N.V., 1988. Residual effects of sewage sludge application on plant and soil-pro. Le 

chemical composition. Commun. Soil Sci. Plant Anal., 19: 1633-1643. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Feng%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Fang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Hou%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Ma%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Huang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Huang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed/23732920
http://www.ncbi.nlm.nih.gov/pubmed/23732920
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed?term=Fumagalli%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Perego%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Acutis%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed/23751334
http://www.ncbi.nlm.nih.gov/pubmed/23751334
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.sciencedirect.com/science/article/pii/S0160412098000269
http://www.sciencedirect.com/science/article/pii/S0160412098000269
http://www.sciencedirect.com/science/journal/01604120
http://www.ncbi.nlm.nih.gov/pubmed?term=Gerardo%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Zacharof%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Lovitt%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed/23871254
http://www.ncbi.nlm.nih.gov/pubmed/23871254
http://www.ncbi.nlm.nih.gov/pubmed/23871254
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed?term=Hou%20HP%5BAuthor%5D&cauthor=true&cauthor_uid=22957124
http://www.ncbi.nlm.nih.gov/pubmed?term=Pu%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=22957124
http://www.ncbi.nlm.nih.gov/pubmed?term=Shi%20YF%5BAuthor%5D&cauthor=true&cauthor_uid=22957124
http://www.ncbi.nlm.nih.gov/pubmed?term=Yu%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=22957124
http://www.ncbi.nlm.nih.gov/pubmed?term=Fan%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=22957124
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22957124
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20CZ%5BAuthor%5D&cauthor=true&cauthor_uid=22957124
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22957124
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=22957124
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed?term=Hu%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=22490363
http://www.ncbi.nlm.nih.gov/pubmed?term=Hu%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=22490363
http://www.ncbi.nlm.nih.gov/pubmed?term=Fu%20YP%5BAuthor%5D&cauthor=true&cauthor_uid=22490363
http://www.ncbi.nlm.nih.gov/pubmed/22442942
http://www.ncbi.nlm.nih.gov/pubmed/22442942
http://www.ncbi.nlm.nih.gov/pubmed/22442942
http://www.ncbi.nlm.nih.gov/pubmed


 68 

Hussein, A.H.A., 2009. Impact of sewage sludge as organic manure on some soil 

properties, growth, yield and nutrient contents of cucumber crop. Journal of 

Applied Sciences 9(8): 1401-1411. 

Husserl J, Hughes JB. Biodegradation of nitroglycerin in porous media and potential for 

bioaugmentation with Arthrobacter sp. strain JBH1. Chemosphere. 2013 

Jul;92(6):721-4. doi: 10.1016/j.chemosphere.2013.04.009.  

Ince O, Basaka B, Inceb BK, Cetecioglua Z, Celikkolb S, Kolukirik M. Effect of nitrogen 

deficiency during SBR operation on PHA storage and microbial diversity. 

Environ Technol. 2012;33(16-18):1827-1837.  

Insel G, Dagdar M, Dogruel S, Dizge N, Ubay Cokgor E, Keskinler B. Biodegradation 

characteristics and size fractionation of landfill leachate for integrated 

membrane treatment. J Hazard Mater. 2013 Jun 21;260C:825-832. doi: 

10.1016/j.jhazmat.2013.06.037.  

Jing Z, Hu Y, Niu Q, Liu Y, Li YY, Wang XC. UASB performance and electron 

competition between methane-producing archaea and sulfate-reducing 

bacteria in treating sulfate-rich wastewater containing ethanol and acetate. 

Bioresour Technol.2013 Jun;137:349-57. doi: 10.1016/j.biortech.2013.03.137. 

Kamoun and Slimi, (2006). Regional work shop on health aspects of wastewater reuse in 

agriculture, Amman, Jordan. 

Kaschel, A., Y El Nahhal, T Abu Mourad, K Tubail, J Safi, Y Hadar, Y Chen, V ... 

VDLUFA-Schriftenreihe (2002). Long-term field experimemt to examine the 

agricultural application of municipal solid waste compost in the Gaza Strip 

 

Katsioti M., Katsiotis  N., Rouni  G., Bakirtzis  D., Loizidou M.. (2008) The effect of 

bentonite/cement mortar for the stabilization/solidification of sewage sludge 

containing heavy metals. Cement & Concrete Composites 30:1013–1019 

Khan M., Scullion J. (2002). Effects of metal (Cd, Cu, Ni, Pb or Zn) enrichment of 

sewage-sludge on soil micro-organisms and their activities. Applied Soil 

Ecology. 20(2):145-155 

http://www.ncbi.nlm.nih.gov/pubmed?term=Husserl%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24321334
http://www.ncbi.nlm.nih.gov/pubmed?term=Hughes%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=24321334
http://www.ncbi.nlm.nih.gov/pubmed/23664478
http://www.ncbi.nlm.nih.gov/pubmed/23664478
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed?term=Ince%20O%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Basaka%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Inceb%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Cetecioglua%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Celikkolb%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Kolukirik%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed/23240176
http://www.ncbi.nlm.nih.gov/pubmed/23240176
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed?term=Insel%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Dagdar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Dogruel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Dizge%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Ubay%20Cokgor%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Keskinler%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed/23856313
http://www.ncbi.nlm.nih.gov/pubmed/23856313
http://www.ncbi.nlm.nih.gov/pubmed/23856313
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed?term=Jing%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=24136576
http://www.ncbi.nlm.nih.gov/pubmed?term=Hu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24136576
http://www.ncbi.nlm.nih.gov/pubmed?term=Niu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=24136576
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24136576
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20YY%5BAuthor%5D&cauthor=true&cauthor_uid=24136576
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20XC%5BAuthor%5D&cauthor=true&cauthor_uid=24136576
http://www.ncbi.nlm.nih.gov/pubmed/23597763
http://www.ncbi.nlm.nih.gov/pubmed/23597763
http://www.ncbi.nlm.nih.gov/pubmed/23597763
http://www.ncbi.nlm.nih.gov/pubmed
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=fWNZNl8AAAAJ&cstart=40&citation_for_view=fWNZNl8AAAAJ:dhFuZR0502QC
http://scholar.google.com/citations?view_op=view_citation&hl=en&user=fWNZNl8AAAAJ&cstart=40&citation_for_view=fWNZNl8AAAAJ:dhFuZR0502QC
http://www.sciencedirect.com/science/article/pii/S0929139302000185
http://www.sciencedirect.com/science/article/pii/S0929139302000185
http://www.sciencedirect.com/science/journal/09291393
http://www.sciencedirect.com/science/journal/09291393


 69 

 Koenig A.,  Kay N. J.,  Wan M. I.(1996) Physical properties of dewatered wastewater 

sludge for landfilling. Water Science and Technology  34:(3–4)533–540 

Kuan Y., Lee I., Chern J.(2010) Heavy metal extraction from PCB wastewater treatment 

sludge by sulfuric acid. Journal of Hazardous Materials 177:881–886 

Lene Haugaard Mikkelsen*, Kristian Keiding.(2002) Physico-chemical characteristics of 

full scale sewage sludges with implications to dewatering. Water Research. 

36:2451–2462 

Letey, J. 1969. Measurement of contact angle, water drop penetration time, and critical 

surface tension. In: Proceedings of the Symposium on Water Repellent Soils 

(eds L.S. Debano & J. Letey), pp. 43–47.University of California, Riverside. 

Letey, J., 1969. Measurement of contact angle, water drop penetration time, and critical 

surface tension. In: DeBano, L.F., Letey, J. (Eds.), Proceedings of a 

Symposium on Water Repellant Soils, University of California, Riverside, 6-

10 May 1968, pp.43-47 

Lin K., Chiang K., Lin D. (2006). Effect of heating temperature on the sintering 

characteristics of sewage sludge ash. Journal of Hazardous Materials 

B128:175–181. 

Liu CC, Lin YC. Reclamation of copper-contaminated soil using EDTA or citric acid 

coupled with dissolved organic matter solution extracted from distillery 

sludge. Environ Pollut. 2013 Jul;178:97-101. doi: 

10.1016/j.envpol.2013.02.034.  

López-Valdez F., Fernández-Luqueño F., Luna-Guido M., Marsch R., Olalde-Portugal 

V., Dendooven L. (2010) Microorganisms in sewage sludge added to an 

extreme alkaline saline soil affect carbon and nitrogen dynamics. Applied Soil 

Ecology.45(3):225-231 

Lu H, Dai R, Liu Y, Song A, Liu X. The effects of anaerobic fermentation on dehydrated 

sludge. Water Sci Technol. 2013;67(11):2630-2636. doi: 

10.2166/wst.2013.189. 

http://www.sciencedirect.com.library.neu.edu.tr:2048/science/article/pii/027312239600621X
http://www.sciencedirect.com.library.neu.edu.tr:2048/science/article/pii/027312239600621X
http://www.sciencedirect.com.library.neu.edu.tr:2048/science/article/pii/027312239600621X
http://www.sciencedirect.com.library.neu.edu.tr:2048/science/journal/02731223
http://www.sciencedirect.com.library.neu.edu.tr:2048/science/journal/02731223/34/3
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Lin%20YC%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed/23545343
http://www.ncbi.nlm.nih.gov/pubmed/23545343
http://www.ncbi.nlm.nih.gov/pubmed/23545343
http://www.ncbi.nlm.nih.gov/pubmed
http://www.sciencedirect.com/science/article/pii/S0929139310000727
http://www.sciencedirect.com/science/article/pii/S0929139310000727
http://www.sciencedirect.com/science/article/pii/S0929139310000727
http://www.sciencedirect.com/science/article/pii/S0929139310000727
http://www.sciencedirect.com/science/article/pii/S0929139310000727
http://www.sciencedirect.com/science/article/pii/S0929139310000727
http://www.sciencedirect.com/science/journal/09291393
http://www.sciencedirect.com/science/journal/09291393
http://www.ncbi.nlm.nih.gov/pubmed?term=Lu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Dai%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Song%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed/23752399
http://www.ncbi.nlm.nih.gov/pubmed/23752399
http://www.ncbi.nlm.nih.gov/pubmed


 70 

Mahdy AM, Elkhatib EA, Fathi NO, Lin ZQ.Effects of co-application of biosolids and 

water treatment residuals on corn growth and bioavailable phosphorus and 

aluminum in alkaline soils in egypt. J Environ Qual. 2009;38(4):1501-1510. 

doi: 10.2134/jeq2008.0335.  

Malamis S, Katsou E, Di Fabio S, Bolzonella D, Fatone F. Biological nutrients removal 

from the supernatant originating from the anaerobic digestion of the organic 

fraction of municipal solid waste. Crit Rev Biotechnol. 2013 Jul 1.  (in 

Press).  

Malliou O., Katsioti M., Georgiadis A., Katsiri A. (2007) Properties of 

stabilized/solidified admixtures of cement and sewage sludge. Cement & 

Concrete Composites 29:55–61 

Melo, W.J., M.O. Marques,  M.E. Ferreira, G.M.P Melo, V.P. Melo, 2002. Chemical 

properties and enzyme activity in a sewage sludge treated soil. Commun. Soil 

Sci. Plant Anal., 33: 1643-1650. 

MERAP, (2010).  Guidelines for using reclaimed wastewater in agriculture, Middle East 

Regional Agriculture Programme, Ramallah, Palestine. 

Miller M.C.(2011) Microbiological safety of organic fertilizers used for production. MSC 

Thesis.  Clemson University 

MOPIC (Ministry Of Planning and International Cooperation),(1998). Master Plan for 

Sewage and Storm Water Drainage in the Gaza Governorates-Final Master 

Plan Report, Main Report. Palestinian National Authority. 

MOPIC (Ministry Of Planning and International Cooperation),(1998). Master Plan for 

Sewage and Storm Water Drainage in the Gaza Governorates-Final Master 

Plan Report, Main Report. Palestinian National Authority. 

 Moreno J., Hernández T., Pérez A., Garc  a C. (2002). Toxicity of cadmium to soil 

microbial activity: effect of sewage sludge addition to soil on the ecological 

dose. Applied Soil Ecology. 21(2):149-158 

http://www.ncbi.nlm.nih.gov/pubmed?term=Mahdy%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=22770779
http://www.ncbi.nlm.nih.gov/pubmed?term=Elkhatib%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=22770779
http://www.ncbi.nlm.nih.gov/pubmed?term=Fathi%20NO%5BAuthor%5D&cauthor=true&cauthor_uid=22770779
http://www.ncbi.nlm.nih.gov/pubmed?term=Lin%20ZQ%5BAuthor%5D&cauthor=true&cauthor_uid=22770779
http://www.ncbi.nlm.nih.gov/pubmed/19465726
http://www.ncbi.nlm.nih.gov/pubmed/19465726
http://www.ncbi.nlm.nih.gov/pubmed/19465726
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed?term=Malamis%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Katsou%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Di%20Fabio%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Bolzonella%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Fatone%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed/23808751
http://www.ncbi.nlm.nih.gov/pubmed/23808751
http://www.ncbi.nlm.nih.gov/pubmed/23808751
http://www.ncbi.nlm.nih.gov/pubmed
http://www.sciencedirect.com/science/article/pii/S0929139302000641
http://www.sciencedirect.com/science/article/pii/S0929139302000641
http://www.sciencedirect.com/science/article/pii/S0929139302000641
http://www.sciencedirect.com/science/article/pii/S0929139302000641
http://www.sciencedirect.com/science/journal/09291393


 71 

Mungray AK, Kumar P.Degradation of anionic surfactants during drying of UASBR 

sludges on sand drying beds. J Environ Manage. 2008 Sep;88(4):995-1002. 

Municipality Of Gaza (1996). Master Plan – Analytical Studies. USAID, December. 

Municipality Of Gaza (1997). Final Engineering Design Report. USAID, November. 

Municipality Of Gaza (1997). Final Engineering Design Report. USAID, November. 

Nassar A., Smith M., Afifi S. (2005).  Sludge and Effluent Reuse Study for Gaza Central 

Area. KFW report. 

Nassar A., Smith M., Afifi S.,  (2003). Sludge management using reed bed system-

Palestine case study. Lambert Academic Publishing. 

Nassar, A. and Afifi, S.(2006) „Assessment of existing and future sewage sludge 

characterisation in theGaza Strip, Palestine‟, Int. J. Environment and 

Pollution, Vol. 28, Nos. 1/2, pp.67–75. 

Ninomiya Y., Zhang L., Sakano T., Kanaoka C., Masui M.(2004) Transformation of 

mineral and emission of particulate matters during co-combustion of coal with 

sewage sludge. Fuel 83:751–764 

Novak J, Trapp S. Growth of plants on TBT-contaminated harbour sludge and effect on 

TBT removal. Environ Sci Pollut Res Int. 2005 Nov;12(6):332-41. 

O'Kelly BC.(2005) Mechanical properties of dewatered sewage sludge. Waste 

Manag.25(1):47-52. 

Otero M., Calvo F. L., Gil V. M., Garc  I. A., Moran A. (2008) Co-combustion of 

different sewage sludge and coal: A non-isothermal thermogravimetric kinetic 

analysis. Bioresource Technology 99:6311–6319 

P.W.A (Palestinian Water Authority), 2004. fiscal report for the Gaza strip 

municipalities. 

Palestinian Water Authority (PWA), 2013. Strategy for sustainable management of 

Biosolids at Palestinian wastewater treatment plants. TPAT Project. Draft 

version.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Mungray%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=23128622
http://www.ncbi.nlm.nih.gov/pubmed?term=Kumar%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23128622
http://www.ncbi.nlm.nih.gov/pubmed/17618731
http://www.ncbi.nlm.nih.gov/pubmed/17618731
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed?term=Novak%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23961125
http://www.ncbi.nlm.nih.gov/pubmed?term=Trapp%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23961125
http://www.ncbi.nlm.nih.gov/pubmed/16305139
http://www.ncbi.nlm.nih.gov/pubmed/16305139
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed?term=O'Kelly%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=16703620
http://www.ncbi.nlm.nih.gov/pubmed/15681178
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed


 72 

Pevere  A., Guibaud   G., van Hullebusch  E., Lens  P., Baudu M. (2006) Viscosity 

evolution of anaerobic granular sludge. Biochemical Engineering Journal 

27:315–322 

Rodríguez L, Cerrillo MI, García-Albiach V, Villaseñor J.(2012). Domestic sewage 

sludge composting in a rotary drum reactor: Optimizing the thermophilic 

stage. J Environ Manage. 112C:284-291. 

Roig N., Sierra J., Martí E., Nadal M., Schuhmacher M.,  Domingo J.. (2012) Long-term 

amendment of Spanish soils with sewage sludge: Effects on soil functioning. 

Agriculture, Ecosystems & Environment. 158:41–48. 

Ruan XD, Liu JX. Analysis of the fractal structure of activated sludge flocs. Huan Jing 

Ke Xue. 2013 Apr;34(4):1457-63. 

Ruiz T., Wisniewski C., Kaosol T., Persin F. (2007) Influence of organic matter in 

dewatering and shrinkage of urban residual sludge under controlled 

atmospheric drying. IChemE  Vol 85 (B1) 104–110 

Saña, J., Giró, F., Soliva, M., Florensa, P. 1989. Methodology used for evaluating the 

quality of compost produced in Catalonia, in: Simposio Internazionale 

produzione et impiego del compost. S.Michele all‟Adige. Italia, pp 343-362. 

 Serna M.D., Pomares F. (1992) Nitrogen mineralization of sludge-amended soil. 

Bioresource Technology. 39(3):285-290 

Shakesby, R.A.,  Doerr, S.H., Walsh, R.P.D., 2000. The erosional impact of soil 

hydrophobicity: current problems and future research directions. J. Hydrol. 

231-232, 178-191. 

Sheng Y, Xing L. Organics removal and protein recovery from wastewater discharged 

during the production of chondroitin sulfate. Water Sci Technol. 

2013;68(7):1582-90. doi: 10.2166/wst.2013.405. 

Sial RA, Chaudhary MF, Abbas ST, Latif MI, Khan AG. Quality of effluents from Hattar 

Industrial Estate. J Zhejiang Univ Sci B. 2006 Dec;7(12):974-980. 

Silveira, M.L.A., L.R.F. Alleoni and L.R.G. Guilhermje, 2003. Sewage sludge and heavy 

metals in soils. Scientia Agricola, 60: 793-806. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Rodr%C3%ADguez%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22957124
http://www.ncbi.nlm.nih.gov/pubmed?term=Cerrillo%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=22957124
http://www.ncbi.nlm.nih.gov/pubmed?term=Garc%C3%ADa-Albiach%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22957124
http://www.ncbi.nlm.nih.gov/pubmed?term=Villase%C3%B1or%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22957124
http://www.ncbi.nlm.nih.gov/pubmed
http://www.sciencedirect.com/science/article/pii/S0167880912001958
http://www.sciencedirect.com/science/article/pii/S0167880912001958
http://www.sciencedirect.com/science/article/pii/S0167880912001958
http://www.sciencedirect.com/science/article/pii/S0167880912001958
http://www.sciencedirect.com/science/article/pii/S0167880912001958
http://www.sciencedirect.com/science/article/pii/S0167880912001958
http://www.sciencedirect.com/science/journal/01678809
http://www.ncbi.nlm.nih.gov/pubmed?term=Ruan%20XD%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20JX%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed/23798129
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.sciencedirect.com/science/article/pii/096085249290218M
http://www.sciencedirect.com/science/article/pii/096085249290218M
http://www.sciencedirect.com/science/journal/09608524
http://www.ncbi.nlm.nih.gov/pubmed?term=Sheng%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24136576
http://www.ncbi.nlm.nih.gov/pubmed?term=Xing%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24136576
http://www.ncbi.nlm.nih.gov/pubmed/24135108
http://www.ncbi.nlm.nih.gov/pubmed/24135108
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed?term=Sial%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=23961125
http://www.ncbi.nlm.nih.gov/pubmed?term=Chaudhary%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=23961125
http://www.ncbi.nlm.nih.gov/pubmed?term=Abbas%20ST%5BAuthor%5D&cauthor=true&cauthor_uid=23961125
http://www.ncbi.nlm.nih.gov/pubmed?term=Latif%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=23961125
http://www.ncbi.nlm.nih.gov/pubmed?term=Khan%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=23961125
http://www.ncbi.nlm.nih.gov/pubmed/17111466
http://www.ncbi.nlm.nih.gov/pubmed/17111466
http://www.ncbi.nlm.nih.gov/pubmed


 73 

Sreesai S, Peapueng P, Tippayamongkonkun T, Sthiannopkao S. Assessment of a 

potential agricultural application of Bangkok-digested sewage sludge and 

finished compost products. Waste Manag Res. 2013 Jul 8.  

Standards Association of Australia. AS 1289.C6.2-1976 Determination of the Particle 

Size Distribution of a Soil: An Analysis by Sieving in Combination with 

Hydrometer Analysis. 

 Sterritt R.M.,  Lester J.N. (1980) The value of sewage sludge to agriculture and effects of 

the agricultural use of sludges contaminated with toxic elements: A review. 

Science of The Total Environment. 17(1):55-90 

UNEP, (2009). Environmental Assessment of the Gaza Strip (following the escalation of 

hostilities in December 2008–January 2009), ISBN: 978-92-807-3041-8. 

Verawaty M, Tait S, Pijuan M, Yuan Z, Bond PL. Breakage and growth towards a stable 

aerobic granule size during the treatment of wastewater. Water Res. 2013 Jun 

15. pii: S0043-1354(13)00503-4. doi: 10.1016/j.watres.2013.06.012.  

Wallach R, Ben-Arie O, Graber ER (2005) Soil water repellency induced by long-term 

irrigation with treated sewage effluent. J Environ Qual 34(5):1910-1920 

Wallis, M.G., Scotter, D.R., Horne, D.J., 1991. An evaluation of the intrinsic sorptivity 

water repellency index on a range of New Zealand soils. Aust. J. Soil Res. 

29,353-362. 

 Wang X., Jin Y., Wang Z., Mahar R., Nie Y.(2008) A research on sintering 

characteristics and mechanisms of dried sewage sludge. Journal of Hazardous 

Materials 160:489–494. 

Wang, Z., Feyen, J., Ritsema, C.J., 1998. Susceptibility and predictability of condition for 

preferential flow. Water Resour. Res. 34, 2169-2182. 

Wilke M.B. (2005) Determination of chemical and physical soil properties. In Soil 

Biology, Volume 5 Manual for Soil Analysis R. Margesin, F. Schinner (Eds.)  

Springer-Verlag Berlin Heidelberg.  

Wojciechowska E, Gajewska M. Partitioning of heavy metals in sub-surface flow 

treatment wetlands receiving high-strength wastewater. Water Sci Technol. 

2013;68(2):486-493. doi: 10.2166/wst.2013.283. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Sreesai%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed?term=Peapueng%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed?term=Tippayamongkonkun%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed?term=Sthiannopkao%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed/23836101
http://www.ncbi.nlm.nih.gov/pubmed/23836101
http://www.ncbi.nlm.nih.gov/pubmed/23836101
http://www.ncbi.nlm.nih.gov/pubmed
http://www.sciencedirect.com/science/article/pii/0048969780901023
http://www.sciencedirect.com/science/article/pii/0048969780901023
http://www.sciencedirect.com/science/journal/00489697
http://www.ncbi.nlm.nih.gov/pubmed?term=Verawaty%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Tait%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Pijuan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Yuan%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed?term=Bond%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=23886852
http://www.ncbi.nlm.nih.gov/pubmed/23866127
http://www.ncbi.nlm.nih.gov/pubmed/23866127
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed?term=Wojciechowska%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed?term=Gajewska%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed/23863445
http://www.ncbi.nlm.nih.gov/pubmed/23863445
http://www.ncbi.nlm.nih.gov/pubmed


 74 

 Wong J.W.C.,  Li K.L., Zhou L.X., Selvam A. (2007) The sorption of Cd and Zn by 

different soils in the presence of dissolved organic matter from sludge. 

Geoderma. 137(3-4):310-317.  

World Bank, (2010). Improving Wastewater Use in Agriculture An Emerging Priority, 

Policy Research Working Paper 5412. 

Xue D, Huang X. The impact of sewage sludge compost on tree peony growth and soil 

microbiological, and biochemical properties. Chemosphere. 2013 Jun 22. pii: 

S0045-6535(13)00811-4. doi: 10.1016/j.chemosphere.2013.05.065.  

Zahangir Alam Md., Fakhru‟l-Razi . A., (2003). Enhanced settleability and dewaterability 

of fungal treated domestic wastewater sludge by liquid state bioconversion 

process. Water Research 37:1118–1124 

Zhang C, Chen H, Yu YX, Wang LJ, Han JB, Tao P. Pollution characteristics of heavy 

metals in sludge from wastewater treatment plants and sludge disposal in 

Chinese coastal areas. Huan Jing Ke Xue. 2013;34(4):1345-1350. 

Zheng XY, Wang XN, Huang X, Chen Q, Chen W, He YJ. Effects of Cu2+ on 

morphological structure, functional groups, and elemental composition of 

aerobic granular sludge. Environ Technol. 2013 Jan-Feb;34(1-4):219-24. 

Zuo W, Jin B, Huang Y, Sun Y, Li R, Jia J. Pyrolysis of high-ash sewage sludge in a 

circulating fluidized bed reactor for production of liquids rich in heterocyclic 

nitrogenated compounds. Bioresour Technol. 2013;127:44-48. doi: 

10.1016/j.biortech.2012.09.017. 

 

 

 

http://www.sciencedirect.com/science/article/pii/S0016706106002588
http://www.sciencedirect.com/science/article/pii/S0016706106002588
http://www.sciencedirect.com/science/article/pii/S0016706106002588
http://www.sciencedirect.com/science/article/pii/S0016706106002588
http://www.sciencedirect.com/science/journal/00167061
http://www.ncbi.nlm.nih.gov/pubmed?term=Xue%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23961205
http://www.ncbi.nlm.nih.gov/pubmed?term=Huang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23961205
http://www.ncbi.nlm.nih.gov/pubmed/23800593
http://www.ncbi.nlm.nih.gov/pubmed/23800593
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed?term=Yu%20YX%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed?term=Han%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed?term=Tao%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23942017
http://www.ncbi.nlm.nih.gov/pubmed/23798112
http://www.ncbi.nlm.nih.gov/pubmed/23798112
http://www.ncbi.nlm.nih.gov/pubmed/23798112
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed?term=Zheng%20XY%5BAuthor%5D&cauthor=true&cauthor_uid=24191443
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20XN%5BAuthor%5D&cauthor=true&cauthor_uid=24191443
http://www.ncbi.nlm.nih.gov/pubmed?term=Huang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24191443
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=24191443
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20W%5BAuthor%5D&cauthor=true&cauthor_uid=24191443
http://www.ncbi.nlm.nih.gov/pubmed?term=He%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=24191443
http://www.ncbi.nlm.nih.gov/pubmed/23530333
http://www.ncbi.nlm.nih.gov/pubmed/23530333
http://www.ncbi.nlm.nih.gov/pubmed/23530333
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed?term=Zuo%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Jin%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Huang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Sun%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed?term=Jia%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23831778
http://www.ncbi.nlm.nih.gov/pubmed/23131621
http://www.ncbi.nlm.nih.gov/pubmed/23131621
http://www.ncbi.nlm.nih.gov/pubmed/23131621
http://www.ncbi.nlm.nih.gov/pubmed


A1 

 

Annex  
 

 

Sludge Reuse Standards 
 



A2 

 

1 INTERNATIONAL STANDARDS 

Unlike effluent reuse, there are no broadly accepted international standards or 
guidelines for sludge, although many countries base national standards on 
those adopted in the US (Rule 503) or in the European Union (under Directive 
86/278/EEC). A comparison of US and EU practices and standards is 
summarised in Annex 3 of the Phase 1 report. 

The philosophies behind the controls adopted in these two regions are often 
considered to represent the extremes of approaches, with the US adopting a 
risk assessment approach to derive scientifically based environmental and 
health quality standards, whereas in Europe, a much more precautionary 
approach has been adopted, that has become progressively more restrictive as 
public awareness and perception of certain issues has increased. In reality, the 
approach to the management of sludge depends on many factors beyond the 
basic scientific principles. National standards also tend to reflect: 

 Pressures on land use and quality (particularly to protect limited land 
resources and to avoid ‘waste tourism’, i.e. the transport of sludge to a 
neighborouring country where the controls on sludge are less stringent);  

 Public, political and food retailer perceptions (the latter is a particular 
issue in Europe); and  

 Pressures from the disposal of other wastes (particularly from the 
livestock industry which compete for land for spreading of manures). 

In the US, sludge for use on land must be treated to meet either Class A or B 
standards for pathogen reduction. Class A sludge, provided in also meets with 
the more stringent of two heavy metal limit values, can be used without 
restriction (including use for vegetables and domestic gardens). Class B sludge 
can only be used on permitted land and its use controlled. The process 
requirements are given in Table 1, and the hygiene limits are as follows: 

Class A:  Faecal coliform <1,000 MPN per g ds  

Salmonella <3 MPN per 4 g ds 

Enteric viruses <1 plaque-forming unit per 4 g ds  

Helminth ova <1 viable per 4 g ds  

Class B:  Faecal coliform 2 x 106 MPN per g ds. 

In the EC Directive, sludge treatment requirements are only generally defined 
as "sludge which has undergone biological, chemical or heat treatment, long 
term storage or any other appropriate process so as significantly to reduce its 
fermentability and the health hazards resulting from its use". However, many 
countries have specified treatment processes to achieve specific levels of 
treatment. In Table 1, the current UK process descriptions are given, although 
new draft regulations will bring treatment standards more in line with the US 
approach, with a new category of ‘advanced treatment’ which would allow 
unrestricted use of sludge. Such processes entail either high temperature or 
high pH (lime addition). 



A3 

 

Limit values for pathogens and parasites are not set in Europe as this is not 
considered necessary based on the assumption that if a treatment process 
meets the correct process conditions, the reduction in pathogen numbers can 
be predicted. Potential transmission of disease is further controlled by the 
adoption of restrictions on use, for instance: crops eaten uncooked cannot be 
grown for a period of 10 months after application; animals cannot graze pasture 
for three weeks after application.  

Table 1 Comparison of US (USEPA 1993) and UK Criteria (DoE 1996) 

Process US Regulations UK Code of Practice 

A. Processes to significantly reduce pathogens: 

Aerobic digestion 40 d-20 °C to 60 d-15 °C Not recognised 

Drying beds, 
dewatering and storage 

3 months 
(or 2 months above 0°C) 

3 months;  
if anaerobically digested 14 d 

Composting 40 °C or higher for 5 d  
(over 4 h exceeding 55 °C) 

40 °C or higher for 5 d  
(over 4 h exceeding 55 °C) 

Anaerobic digestion 15 d MRT/35-55 °C,  
or 60 d/20 °C 

12 d MRT/35 ± 3 °C; or 20 d/25 °C ± 
3 °C; both followed by secondary 
digestion, 14 d MRT 

Liquid storage Not recognised 3 months 

B. Processes to further reduce pathogens: 

Composting Within vessel, 55 °C/3 d;  
windrows, 55 °C/15 d 

40 °C or higher/5 d  
(over 4 h exceeding 55 °C) 

Drying 80 °C in sludge 
 or exhaust gas 

Not recognised 

Heat 180 °C for 30 min Not recognised 

Thermophilic  
aerobic digestion 

55 °C/10 d MRT 7 d MRT,  
with at least 55 °C for 4 h. 

Pasteurisation 70 °C for 30 min 30 min/70 °C or 4 h/55 °C 

Lime stabilisation pH 12 for 2 h pH exceeding 12 for 2 h 

Note: Times are for batch treatment or plug-flow conditions unless mean residence time (MRT) is specified for 

continuous processes with mixing of the contents of the vessel. 

The heavy metal limit values for sludge quality and rates of addition (annual 
loading limit) adopted in the US were derived from risk assessment, and this 
has resulted generally higher values than the equivalent EC limits (Tables 2 and 
3), but some are considerably lower, for instance lead, based on risk analysis of 
unrestricted use (in this case, children eaten sludge-treated garden soil). 

The other fundamental difference is that soil limit values are not set and soil 
quality is not monitored in the US, as such control is considered unnecessary, 
based on risk assessment and assumed ‘life-time’ additions of sludge. In the 
EC, permitted rates of addition of heavy metals are more restrictive and soils 
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receiving sludge must to monitored at intervals to ensure that soil 
concentrations remain below specified limit values. These values are much 
smaller than the implied maximum soil concentrations that would be achieved 
under the US approach. 

In practice, heavy metals are rarely a constraint as the rate of sludge 
application is limited by the nutrient requirements of the crop. In Europe this 
generally limits sludge application to 250 kg N/ha, although in areas vulnerable 
to water pollution by nitrate, a lower maximum limit of 170 kg N/ha is set. 

Table 2 Comparison of Sludge Quality Limits in USEPA 40 CFR Part 503 and 
EC Directive 86/278/EEC (mg/kg ds)  

PTE 

USEPA Part 503 EC Directive 86/278/EEC
(1)

 

Ceiling 
concentration 

“Exceptional 
quality” 

Recommended Mandatory 

Zinc 7500 2800 2500 4000 

Copper 4300 1500 1000 1750 

Nickel 420 420 300 400 

Cadmium 85 39 20 40 

Lead 840 300(2) 750 1200 

Mercury 57 17 16 25 

Chromium 3000 1200 - - 

Molybdenum 75 18 - - 

Selenium 100 36 - - 

Arsenic 75 41 - - 

Note: 
(1) 

Most countries in the European Union have chosen low limit values than these maxima 
 

(2) 
To protect children who eat 0.2 g per day sludge used in gardens for the first 5 years of life 

Table 3 Comparison of Loading and Soil Quality Limits in USEPA 40 CFR 
Part 503 and EC Directive 86/278/EEC 

PTE Loading limit  
(kg/ha per y) 

Soil concentration 
(mg/kg ds) 

USEPA EC
(1)

 USEPA
(2)

 EC 

Zinc 140 30 1,460 150 to 450(3) 

Copper 75 12 770 50 to 210(3) 

Nickel 21 3 230 30 to 112(3) 

Cadmium 1.9 0.15 20(4) 1-3 

Lead 15(4) 15 180(4) 50-300 
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Mercury 0.85 0.1 8.5(4) 1-1.5 

Chromium 150 - 1,530 - 

Molybdenum 0.9(5) - 9.5(5) - 

Selenium 5 - 50(4) - 

Arsenic 2 - 21(4) - 

Note: (1)  The loading rate is averaged over 10 years in the EU 

 (2)  Calculated values as Part 503 does not set soil limits for PTEs 

 (3)  Higher values are permitted for calcareous soils containing >5% calcium carbonate 

 (4)  To protect children who eat 0.2 g per day sludge used in gardens for the first 5 years of life 

 (5)  This has been withdrawn for re-evaluation 
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2 ISRAELI–PALESTINIAN JOINT WATER COMMITTEE 

The requirements of the MOU for sludge management relate only to sludge 
treatment, and no chemical quality standards or application controls are 
described.  

All sludge shall be stabilised and dewatered prior to disposal at agreed disposal 
sites or reused. Schedule 3 of the MOU requires that: 

 Treated sludge contains <2 million MPN bacteria/g ds, calculated a 
geometric mean of a minimum of seven grab samples; 

 Sludge is stabilised by anaerobic digestion, aerobic digestion or lime 
treatment, or an equivalent process, such as composting, thermophilic 
aerobic or anaerobic digestion, heat treatment and thermal drying. 

Stabilisation is interpreted as processes that reduce volatile solids to 38%, or by 
lime addition (pH >12 for 2 h and >11.5 for 22 h).  

3 STANDARDS OF NEIGHBOURING COUNTRIES 

3.1 Israel 

Until recently, Israel had no specific regulation on sludge use, and a significant 
quantity (from Tel Aviv) was discharged to sea. The Water Regulation 
(Prevention of Water Pollution) (Usage of Sludge), 2004 has now been adopted 
and aims at preventing water source pollution and environmental degradation 
as a result of improper disposal of sludge originating from municipal wastewater 
treatment plants. These regulations require wastewater treatment plants to 
stabilise and treat sludge intended for agricultural use or soil improvement. 
They also establish:  

 Maximum permitted levels for heavy metal (Table 4) and pathogen 
concentrations and odour limits in sludge designated for agricultural use;  

 Sets recording and laboratory testing requirements;  

 Defines specific uses for different types of sludge (A and B). 
Requirements for Class A sludge, which is virtually pasteurised and 
highly stabilised, will come into force three years after the regulations 
come into force;  

 Sets limitations on areas of sludge use; and  

 Prescribes requirements for warning signs, transport and storage.  

Table 4 Maximum Permitted Heavy Metal Concentrations in Sludge in Israel 

Parameter 
Maximum permitted concentration 

(mg/kg ds) 

Cadmium  20 

Copper 600 

Nickel 90 

Lead 200 
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Zinc 2500 

Mercury 5 

Chromium 400 

3.2 Egypt 

Standards for sludge use were first introduced in Egypt in 1997 through the 
Decree of the Minister of Housing, Utilities and Urban Communities No. 214 for 
the year 1997 Concerning Processing and Safe Use of Sludge. This has been 
subsequently revised (Decree 276/2003) to introduce penalties for non-
compliance but the technical requirements remained the same.  

The standards are derived from US EPA Rule 503 and require all sludge used 
in agriculture to be Class A. Heavy metals concentrations in sludge should not 
exceed the values given in Table 5. Sludge should be stabilising by one of the 
following methods: aerobic digestion, anaerobic digestion, thermal treatment, 
lime addition or composting. The content of pathogens should not exceed the 
following limits: 

 Faecal coliform <1000 MPN per 1 g ds 

 Salmonella <3 MPN per 100 ml at a sludge concentration of 4% ds 

 Virus (intestinal) <1 unit per 100 ml at a sludge concentration of 5% ds 

 Nematode ova <1 ovum per 100 ml at a sludge concentration of 5% ds 
and no more than 3 species allowed. 

Table 5 Maximum Permitted Heavy Metal Concentrations in Sludge in Egypt 
(Decree 214/1997) 

Parameter 
Maximum permitted concentration (mg/kg 

ds) 

Zinc 2800 

Copper 1500 

Nickel 420 

Cadmium 39 

Lead 300 

Mercury 17 

Chromium 1200 

Molybdenum 18 

Selenium 36 

Arsenic 41 
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In addition, the Decree requires the following to be taken into consideration 
when using the sludge as a soil conditioner: 

 Nitrogen added by the sludge should not exceed crop requirement and 
the C:N ratio should be within the range 18:1 - 22:1. 

 Annual addition rate of sludge should be as follows: 

o For heavy textured soils: 8-14 m3 per feddan (1 fd = 4.2 dunums) 

o For medium textured soils: 10-16 m3/fd 

o For light textured soils: 12-20 m3/fd 

 Sludge should not be used on land for growing vegetables eaten 
uncooked. 

 Soil fertilised with sludge should not be used for grazing for 2 months 
after addition sludge. 

 Ministry of Heath should follow-up the health of the farmers. 

 Sludge should not be applied under windy conditions and in public 
gardens or playgrounds. 

3.3 Jordan 

The Jordanian Standard (JISM 1145/1996) sets standards for sludge reuse at 
similar levels as the USEPA Rule 503.  

The standards contain two levels for sludge reuse that specify sludge 
application times and procedures as well as the crops that can be cultivated in 
the lands where sludge is applied. Each level can be achieved by different 
methods of treatment to comply with requirements of its application in 
accordance with the Standards. The use of untreated sludge for agricultural 
purposes is prohibited. 

The Standards have also specified the amount of treated sludge that may be 
applied to land depending on the elements that have the least allowable 
concentration. The maximum allowable concentration of the heavy metals 
should not exceed the values listed in Table 12 below. 

Table 6 Heavy Metal Limit Concentrations, Application Rates and 
Permissible Accumulation Rate (JISM 1145/1996) 

Element 
Concentration in 

sludge (mg/kg ds) 

Maximum addition 

rate (kg/ha/year) 

Maximum permitted 

accumulation (kg/ha) 

As 75 2 41 

Cd 85 1.9 39 

Cr 3000 150 3000 

Cu 4300 75 1500 

Pb 840 15 300 

Hg 57 0.85 17 

Mo 75 0.9 18 
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Ni 420 21 420 

Se 100 5 100 

Zn 7500 140 2800 

Co 150 1.8 36 

 

The Standards specify the allowable concentrations of micro-organisms in 
sludge used for agricultural purposes (Table 6) as Level 1 and 2 (equivalent to 
Class A and B in USEPA Rule 503). 
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Table 13 Limits on Microbial Content of Sludge Used in Agriculture  
(JISM 1145/1996) 

Micro-organism Level 1 Level 2 

Faecal coliform (MPN) 2 x 106 per g ds 1000 per g ds 

Salmonella (MPN) - <3 per 4 g ds  

Viable nematode eggs - <1 per 4 g ds 

Intestinal viruses - <1 per 4 g ds 

 

 

 

 

 

 

 

 


