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Abstract

Sludge is one of the main critical environmental problems in the Gaza Strip. More
than 400 m*/day of aerobic sludge and approximately 50,000 m’/year of anaerobic
sludge are disposed of into the environment without any treatment. The random
disposal of sludge pollites the grdundwater aquifer, contaminates the agricultural
products and impacts the health of residents. Three new treatment plants will be
constructed in the Gaza Strip to replace the existing ones. The activated sludge system
is the proposed treatment teehnolbgy instead of the existing stabilization ponds and
acrated lagoon. It has been estimated that more than 3,700 m’ of raw sludge will be
generating daily by the year 2025 in the Gaza Strip.

Expenences of using reed bed systems for sludge dewatering in many places in
Europe and USA, together with monitoring results of a three year pilot pro;ect in the
Gaza Strip circumistances are pl’OI‘HlSIl‘lg A reed bed system is easy to operate and
mamtam, and is financially attractlve compared with conventional drying beds. A
reed bed system can be used for a three——year cycle with an average hydrauhc loading
' rate of 40 cm every two-weeks. The estlm_ated cost of construction and operation of a

" resd bed system in the Gaza Strip is 0.50 US § /m?® for sludge treatment and disposal,
compared with 1.01 US $/m’ for conventional drying beds. The quahty of
accumulated sludge in reed bed systems is suitable for agncultural purposes.
Accumulated sludge from the pllot plant does not have any offensive odour, is free of
heavy metals and rich in organic matenal and nutrient. Sludge could be a good
‘ alternative to organic fertilizers, which are scarce, expenswe and difficult to obtain in_
the Gaza. Stnp ‘

More than 795,000 m® of organic fertilizers are imported yearly in the Gaza Strip and
cost around 10,200,000 US $. The farmers in Gaza are willing to use treated sludge
for their agncultural land. Some farmers who currently use partially treated sludge are
willing to use treated sludge in the future. :

Palest;rnan institutions ‘are interested in solving sludge problems, and to use treated
sludge in agriculture. This research proposes institutional arrangements for sludge
managenient, and guidelines for design, operation and maintenance of reed bed
systems with recommendations for future steps towards sustainable sludge
management in the Gaza Strip.

Key Words: Sewage Shidge, quality, quantity, reed beds, drying beds, hydraulic load, cost,

agriculture, institutional, standards.
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Glossary

The following definitions are based on material from a number of different sources.
Some definitions appear in the same form in various sources, others have been
adapted by the author. Sources used include: EPA (2002a), Crites and Tchobanoglous
(1998), Kadlec et. al. (2000) and Aalbers. (1999).

Activated sludge: Material consisting largely of naturally occurring bacteria and protozoa
ﬁsed in and produced by one method of sewage disposal. Sewage is mixed with some
activated sludge and agitated with air; organisms of the sludge multiply and purify the
sewage. When allowed to settle, they separate out as a greatly increased amount of activated

sludge. Part of this is added to new sewage and part is disposed of.

Aeration: the addition of air to water, usually for purpose of providing higher oxygen

concentrations for chemical and microbial treatment processes.

Aercbic: Environmental conditions characterized by the presence of dissolved oxygen; used

to describe biological or chemical processes that occur in the presehce of oxygen.

Ammonia: Inorganic form of nitrogen; product of hydrolysis of organic nitrogen and
denitrification. Ammonia is preferentially used by phytoplérikton over nitrate for uptake of

inorganic nitrogen.

Anaerobic: Environmental condition characterized by zero oxygen levels. Describes

biological and chemical processes that occur in the absence of oxygen.

Amimal (and poultry) manure: Animal excreta, including bedding, feed and other by-

products of animal feeding and housing operations,

Aquaculture: propagation and maintenance of plants or animals by humans in aquatic and

wetland environments.

Bacteria: Single-celled microscopic 6rganisms lacking chlorophyil. Some cause disease, and
some do not. Some are involved in performing a variety of beneficial biological treatment

processes including biological oxidation, solids digestion, nitrification, and denitrification.




Biochemical oxygen demand (BOD): The amount of oxygen per unit volume of water
required to bacterially or chemically oxidize (stabilize) the oxidizable matter in water.
Biochemical oxygen demand measurements are usually conducted over specific time intervals
{5, 10, 20, 30 days). The term BOD;s generally refers to standard 5-day BOD test.

Biosolids: The organic solids product of municipal wastewater treatment that can be
beneficially utilized. Wastewater treatment solids that have removed from wastewater by

primary or secondary sedimentation.
Channel: a deeper portion of a water flow-way that has faster current and water flow.

Chemical oxygen demand (COD): a measure of the oxygen equivalent of the organic matter

in water based on reaction with a strong chemical oxidant.

Constructéed wetland: A wetland that is purposely constructed by humans in an area where

there are no natural wetlands,

Coliform bacteria: A group of bacteria that normally live within the intestines of mammals,
-including humans. Coliform bacteria are used as an indicator of the presence of sewage in

natural waters.

Composting: The accelerated decomposition of organic matter by microorganisms, which is
accompanied by temperature increases above ambient: For biosolids, composting is typically

a managed aerobic process.

Concentration: Mass amount of a substance or material in a given unit volume of solution.

Usually _measm’ed in milligrams per liter (mg/1) or parts per million (ppmy).

De'cay: Gradual decrease in the amount of a given substance in a given system due to various
loss/sink processes including chemical and biclogical transformation, dissipation to other

environmental media, or deposition into storage areas.

Decomposition: Metabolic ‘breakdown of organic materials; the by-products formation

releases energy and simple organics and inorganic compounds.

Denitrification: Describes the decomposition of ammonia compounds, nitrites, and nitrates

(by bacteria) that result in the eventual release of nitrogen gas into the atmosphere.

X




Dissolved oxygen (DO): The amount (concentration) of oxygen gas that is dissolved in
water. It also refers to 2 measure of the amount of oxygen available for biochemical activity

in water body, and as indicator of the quality of that water.

Effluent: Municipal sewage or industrial liquid waste (untreated, partially treated, or
completely treated) that flows out of a treatment plant, septic system, pipe, etc.

Evaporation: the process by which water in a lake, river, wetland or other water body

becomes a vapour in the atmosphere.

Evapotranspiration (ET): the combined processes of evaporation from the water and soil

surface and transpiration of water by' plants,

Faecal coliform bacteria: Coliform bacteria that are present in the intestines or faeces of
warmblooded animals including humans, They are often used as indicators of the sanitary

quality of water. See Coliform bacteria.

Helminths and helminths ova: Parasitic worms, €.8., roundwonﬁs, tapeworms, Ascaris,
Necator, Taenia, and Trichuris, and ova (eggs) of these worms. Helminth ova are quite
_ resistant to chlorination, and can be passed out in the faeces of infected humans and

organisms and ingested with food or water. One helminth ovum is capable of hatching and

growing when ingested.

Fertilizer: Any organic or inorganic material of natural or synthetic origin that is added to

soil to supply elements essential to plant growth.

Heavy metals: Metallic elements that have an atomic mass of more than 21 in the Periodic

table,

Hydraulic Conductivity (Kif): Ability of a porous medium (such as soil) to sllow water

transmission.

Hydraulic Loading Rates: Amount of water or liquid biosolids applied to a given treatment

process and expressed as volume per unit time, or volume per unit time per surface area.

Infiltration: The rate at which water enters the soil surface, expressed in mm or ¢m per day,

influenced by both permeability and moisture content of the soil.




Influent: Water volume flow rate or mass loading of a pollutant or other constituent into a

water body or wastewater treatment plant.

Inorganic; Pertaining to matter that is neither living nor immediately derived from living

maftter.

Lagoon : With respect to wastewater treatment, a pond in which algae, sunlight, and oxygen
interact to restore wastewater to a quality often equal to that of the effluent from the
secondary treatment stage. Lagoons are widely used by small communities to provide

wastewater treatment.

Land application: The spreading or spraying of biosolids onto the surface of land, the direct
injection of biosolids below the soil surface, or the incorporation into the surface layer of soil;

also applies to manure and other organic residuals.

Lechate: Liquid which has come into contact with or percolated through materials being

stockpiled or stored; contains dissolved or suspended pa_rticles and nutrients.

Loading rate: The total amount of material (pollutants) entering the system from one or

multiple sources; measured as a rate in weight (mass) per unit time.

Microorganism: Bacteria, fungi (moulds, yeasts), protozoans, helminths, and viruses. The
terms microbe and microbial are also used to refer to microorganisms, some of which cause
disease, and others are beneficial. Parasite and parasitic refer to infectious protozoans and ‘
helminths. Microorganisms are ubiquitous, possess extremely high growth rates, and have the
ability to degrade all naturally occurring ofganic compounds, including those in water and

wastewater, They use organic matter for food.

Milligrams per litre (mg/l): A unit of measurement expressing the concentration of a
constituent in-solution as the weight (mass) of solute (1 milligram) per unit volume (1 litre) of

water; equivalent to 1 part per million (ppm) for a water density ~1 g em™. 1 mg/l = 1000

pg/l; 1 g/1=1000 mg/l

Mineralization: The process by which elements combined in organic form in living or dead

organisms are eventually reconverted into inorganic forms to be made available for a new




cycle of growth. The mineralization of organic compounds occurs through oxidation and

metabolism by living microorganisfns.

Nitrate (NOs) and Nitrite (NO,): Oxidized nitrogen species. Nitrate is the form of nitrogen
used by aquatic plants for photosynthesis,

Nitrification: Biologically mediated process of the oxidation of ammonium salts to nitrite
(via Nitrosomonas bacteria) and the further oxidation of nitrite to nitrate via Nitrobacter

bacteria.

Nutrient: A primary element necessary for the growth of living organisms, Carbon dioxide,
nitrogen, and phosphorus, for example, are required nutrients for phytoplankton (algae)

growth.

Organic matter: The organic fraction that includes plant and animal residue at various stages
of decomposition, cells and tissues of soil organisms, and substances synthesized by the soil
population. Commonly determined as the amount of organic material contained in a soil or

water samplé.
Organic nitrogén: Organic forms of nitrogen bound to organic matter.

Oxidation: The chemical union of oxygen with metals or organic compounds accompanied
by a removal of hydrogen or another atom. It is an important factor for soil formation and

permits the release of energy from cellular fuels.

Parasite: An organism that lives within or on another organism and derives its sustenance

from that organism without providing a useful return to its host.

Pathogens: a microorganism capable of producing disease. Pathogens are of great concern to

protect human health relative to drinking water, swimming beaches and shellfish beds.

pH: A measure of acidity indicated by the logarithm of the reciprocal of the hydrogen ion
concentration (activity) of a solution. pH values less than 7 are acidic; values greater than 7
are basic; pH of 7 is neutral. pH of natural waters typically ranges from ~6-8.

Phosphorus: A nutrient essential for plant growth that can play a key role in stimulating the

growth of aquatic plants in streams, rivers and lakes.




Pollutant: A contaminant in a concentration or amount that adversely alters the physical,
chemical, or biological properties of a natural environment. The term includes pathogens,

toxic metals, carcinogens, oxygen demanding substances, or other harmful substances.

Rhiiosphere: Zone of soil immediately surrounding root and rhizomes and modified by.
them. Chafacterized by enhanced microbial activity and by changes in the ratios of organisms
compared with surrounding soil. More épeciﬁcally, a wetland rhizosphére is the chemical
sphere of influence of plant roots growing in flooded soils. Depending on the overall oxygen
balance (availébility and consumption), the rhizospherc can be oxi.dized, resulting in the

presence of aerobic soil prosperities in an otherwise anaerobic soil environment.

Salinity: The total amount of dissolved salts, measured by weight as parts per thousand (ppt)
- Salinity concentrations range from ~0.5-1 ppt for tidal fresh waters; ~20-25 ppt for estuanne
waters; ~ 30 ppt for coastal waters to ~35 ppt for the open ocean. . '

Salmonella: Rod-shaped bacteria of the genus Salmonella, many of which are pa_thogenic,
causing. food poisoning, typhoid, and paratyphoid fever in human beings, or causing other
infectious diseases in warm-blooded animals. They can also cause allergic reactions in

susceptible humans, and sickness, includihg severe diarrhoea with discharge of blood.

Secondary treatment plant: Waste treatment process where oxygen—demandmg organic
materials (BOD) are removed by bacterial oxidation of the waste to carbon dioxide and water.

Bacterial synthesis of wastewater is enhanced by injection of oxygen.

Sediment: Particulate organic and inorganic matter that accumulates in a loose,

unconso_lidated form on the bottom of natural waters.

Sludge: the accumulated solids separated from liquids, such as water or wasfewater, during

the treatment process.

Selids: In water and wastewater treatment, any dissolved, suspended, or volatile substance

contained in or removed from water or wastewater.

Stability: The characteristics of a material that contribute to its resistance to decomposition
by microbes, and to generation of odorous metabolites, The relevant characteristics include
the degree of organic matter decomposition, nutrient, moisture and salts content, pH, and

temperature. For biosolids, compost, or animal manure, stability is 2 general term used to
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describe the quality of the material taking in to account its origin, processing, and intended

use.

Stabilization pond: Large earthen basins that are used for the treatment of wastewater by

natural processes involving the use of both algae and bacteria.

Tertiary treatment: Waste treatment processes designed to remove or alter the forms of

nitrogen or phosphorus compounds contained in domestic sewage.

Total Kjeldahl Nitrogen (TKN): The sum total of organic and ammonia nitrogen in a
sample, determined by the Kjeldahl method.

Total coliform bacteria: A particular group of bacteria that are used as indicators of possible

sewage pollution. -

Total Suspended Solids (TSS): A measure of the amount of small, particulate solid

~ pollutants that are suspended in wastewater.

Toxic substances: Those chemical substances, such as pesticides, plastics, heavy metals,
detergent, solvent, or any other material those are poisonous, carcinogenic, or otherwise

directly harmful to human health and biota the environment.

- Tramspiration: The transport of water vapour from soil to the atmosphere through actively

growing plants,

Trickling filter: A wastewater treatment process consisting of a bed of highly permeable
medium (e.g. gravel or stones) to which microorganisms are attached and through which

wastewater is percolated or trickled over the bioﬁlm that forms on the media.
Wadi: Seasonally wet river bed

Wastewater: Dissolved or suspended waterbome waste material. Sénitary or domestic
wastewater refers to liquid material collected from residences, offices, and institutions.
Industrial wastewater refers to wastewater from manufacturing facilities. Municipal
wastewater is a general term applied to any liquid treated in a municipal treatment facility and

usually includes a mixture of sanitary and pre-treated industrial wastes.
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Wastewater treatment; Chemical, biological, and mechanical processes applied to an
industrial or municipal discharge or to any other sources of contaminated water in order to

remove, reduce, or neutralize contaminants prior to discharge to a receiving water.

Wetland: An area that is inundated or saturated by surface or groundwater at a frequency,
duration and depth sufficient to support a predominance of plant species adapted to growth in -

saturated soil conditions.
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CHAPTER 1

Background and Problem Statement

1.1 introduction _

The environment in Palestine has deteriorated due to the rapid increase in
population and a scarcity of natural resources. The wastewater sector is one
of the main neglected issues, as most of Palestinian residential areas do not
have sewage networks and/or efficient wastewater treatment plants. The area
suffers from poor management of wastewater treatment and requires urgent
steps towards improving the environmental situation.

This chapter of the thesis introduces background information about the study
area, assesses the existing wastewater treatment planis, and highlights the
sludge problem.

1.2 Study Area _

The Palestinian territories are composed of two separéted areas; the Gaza
Strip and West Bank. The West Bank is situated on the central highlands of
Palestine. The area is bounded by the Jordan River and the Dead Sea to the
East and the “1948 cease-fire line” on the North, West and South. The West
Bank total area is 5788 km? with an overall population of 1.3 million
inhabitants (MopPIC, 2001). The Gaza Strip is situated on the South West of -
Palestine, bordered by Egypt on the South, the Mediterranean Sea on the
West and the "1948 cease-fire line” from the North and East. The total area of
the Gaza Strip is about 365 km> The distance from North to South is 45 km
and from East to West varies from 5 to 12 km. The total population of the
Gaza Strip was 1.2 million inhabitants in 2002 (Kuhail and Nassar, 2003). |

After establishment of the Palestinian Authority in 1894, the Gaza Strip was
divided into five administrative Governorates. These are shown in Figure 1.1,
and the population forecasts for each governorate are shown in Table 1.1.
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Table 1.1: the Gaza Strip Population forecast

Governorates 1996 2000 2005 2010 2015 2020 2025
Northern area 148700 169259 198234 228614 258495 | 286549 318892
Gaza _ 354400 415835 501158 671327 838375 950818 1075038
Middie area 145200 165212 193427 223016 - 252128 279382 310822 !
Khan Younis 201400 | 242003 300815 546933 743731 | . 850319 068875
Rafah 113100 128091 149339 171656 193735 213637 236801
TOTAL 962,800 | 1,121,300 1, 342,771 | 1,841,546 { 2,287,465 | 2,580,703 | 2,910,428

Source: SOGREAH, 1998

Gaza and Khan Younis governorates are the most populéted go\rerhorates.
More than 90% of the Middle Area governorate residents are refugees while
60% of Northern Area and Rafah residents are refugees.

The Gaza Governorates are located in an arid area where water resources
are scarce. Due to increasing groundwater _pum'ping for ,urban water use as

- well as fo‘r irrigation pufposes,fthe extfacﬁdh of gfoq‘ndwater_ currently exceeds |
the rechargé of the groundwater aquifers. This is mentioned by many authors,
such as COWI (2000), OTU (1998), and JICA (1997). As a result, the
groundwater level is falling and the chioride concentration increases, making
the water Unsuitable either for human consumption or for irrigation purposes.
The uncontrolied -'dischérge of untreated seWage to the ground and excessive
use of fertilizers have led to high nitrate concentrations in certain areas, thus
creating an additional pollution of the groundwater resources {Boliden Contech,
1998).

The Peace pror:':e.ss has generated a wide range of development and
cooperation activities, including several projects for water resource
management and wastewater collection and treatment. Virtually all urban
centres of the Gaza Governorates are today covered by some ongoing-
internationally sponsored wastewater project. Most of these projects concern
short-term priority works. One of the main short-term goals is rehabilitation of
existing wastewater treatment plant. For the jong term, Palestinians plan fo
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construct new treatment plants to cope with a rapid increase of population and
high rate of new connections to sewerage systems.

1.3 Existing Wastewater Treatment _

There are today three wastewater treatment plants in operation in the Gaza
Stfip: Beit Lahia WWTP, Gaza WWTP and Réfah WWTP. Sources of data for
all WWTPs were obtained from the Minisfry of Planning (MOPIC), the
Palestinian Water Authority (PWA) and the Ministry of Local Affairs (MoL.G)
documents. |

Bejt Lahia WWTP |

The WWTP located within the Beit Lahia muniéipality borders is managed by
Jabalia municipaliiy therefore, referred to as Jabalia WWTP by some authors
and as Beit Lahia WWTP by others. The treatment plant was originally built by
the israeli civil administration in 1976 to treat the wastewater from the
Northern Area of the Gaza Strip. It is located on a 14-hectare site at
approximately 1.6 km East of Beit Lahia. | '

An lsraeli consulting firm designed this plant as stabilization ponds and
aerated lagoons. Curréntly, the plant consists of 7 ponds (see table 1.2) but it
was constructed in stageé; lagoons 1 to 4 were constructed in 1983, followed
by 'lagoon 5 and then lagoon 7, both by Israeli contractors. A local contractor
then constructed lagoon 6 when surface aerators were installed in Lagoons 1
to 4 for the purpose of cleaning out the s!ud'ge (that accumulated due to raw
sewage flows). In December 1993 surface aerators were -insfalled in lagoons
5 and 6. The plant 'was designed to eventually instali 6 aerated lagoons
operzting in series and two polishing ponds operating in paraliel. Of the

‘projected eight ponds, seven have been constructed. At present, the lagoons
are being operated as aerated lagoons. Table 1.2 illustrates the ponds area,
depth and volume.

Each of the six aerated lagoons (No. 1 to No. 6) is fitted with four surface
aerators. In addition, the two first ponds are fitted with mixers, which create
horizontal flow. Treated effiuent is currently directed to infiltration ponds in the
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adjacent dune areas, while sludge is left in ponds and randomly disposed to

adjacent areas around ponds.

Table 1.2: Beit Lahia Treatment Plant Lagoons Size

| Lagoon No. Base Plan | Water Depth Volume | Surface
-(m) (m) (m®) (m?)
Lagoon No. 1 78x58 2.4 13,310 6,660
Lagoon Ne., 2 78x58 24 12,740 6,400
Lagoon No. 3 78x58 24 13,480 6,740
Lagoon No. 4 78x58 24 12,910 6,480
Lagoon No. 5 220x70 24 38,570 15,230
Lagoon No. 6 210x70 . 24 34,000 15,230
Lagoon No. 7 213x67 | 6.75 135,640 26,930

Source: Carl Bro, 1994

Beit Lahia treatment plant receives more than 12,000 m® of raw wastewater
daily with BOD of 450 mg/l and 8S of 500 mg/l. The plant provides partial
treatment concerhing BOD & S8 while neither pathogenic treatment nor
nutrient removal is achieved. SeeTable 4.2 for more details,

Gaza WWTP

The Gaza wastewater treatment plant, located to the South of the Gaza City,
was constructed in 1977 initially with two ponds (without aeration). In 1986,
two additional ponds were added under a United Nation.s Development |
Programme (UNDP) funded upgrading of the plant. After upgrading, the plant
was intended to operate as aerated lagoons.

Recently in 1999, the treatment plant was upgraded by constructing another
pond and two bio—towers' through USAID funds. The plant consists of the
following structures, which are shown schematically in Figure 1.2:
e One inlet channel,
e Two parallel primary ponds, each having approximate dimensions of
depth 4.0 m, volume 16,000 m?, |
». One anaerobic pond of 4.5 m water depth and 38,000 m® water

volume,
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e Two parallel bio-towers with 6.5 m height and 26 m diameter,

o Aeration pond with 4.5 m water depth and 40,000 m® water volume.
e Setiling channel.

¢ Sludge holding pond with 9000 m? volume.

 Effluent pump station.

o Eight sludge drying beds of 430 m? each.

Gaza wastewater treatment plant receives more than 50,000 m3day of
wastewater with BOD of 450 mg/l and SS of 500 mg/l. The treatment plant
has a véry high performance fevel regarding BOD and SS removal; BOD and
S8Si |n efﬂuent are less than 30 mg/l. The nitrogen and phosphorus removal is
Ilmtted and bacterial quality is not significant improved. Acrobic sludge is
dewatered partially using existing drying beds while anaerobic sludge is
accumulated in ponds for a few years and thén disposed. of randomly into
open areas within the treatment plant boundaries.

Rafah WWTP
The Rafah wastewater treatment plant was de5tgned for a capacuty of 1,800
m°/d, and for a population of 21, 000. The plant includes:
o Inlet microscreen 0.4 mm, .
¢ One aerated pond, volume 31,200 m® ﬁtted-with surface aerators, and
mixers which create horizontal flows,
» One chiorination channel for d‘isinfecti'on (not in operation),
e One purﬁping station containing two pumps, discharging the treated
effluent to the sea. '

It is understood that the aerators of the plant are only operated during the day,
and not on a 24-hour basis. There is no regular monitoring of the plant
performance.

Currently, the daily flow rate is more than 4006 m®, which exceeds the design
capacity of the plant. In Rafah treatment plant, wastewater is only treated
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partially, BOD removal is less than 50% while there is no significant nutrient or
pathogenic removal. Generated sludge is left in the lagoon and occasionally
randomly disposed of around the lagoon.

1.4 Current Sludge Management

Currently there is no real treatment or disposal of sludge generated in the
existing treatment plants. The volumes of sludge are not determined, because
there are no measurements of the quantities of sludge and, at the same time,
the quantity is affected by the resident time of sludge in the ponds. It is
estimated by the author that the anaerobic sludge, which accumulates in the
ponds, is around 50,000 m¥year with 5% solids while the aerobic sludge from
bio-towers is around 400 m®/day with 1-2% solids. See Appendix C for more
defails.

The sludge accumulated in the
ponds receives no  significant
treatment expect desludging, when it
is left around the ponds or in the
open areas of the treatment plants.
See photo 1.1 which was taken in

2002. Sometimes it is evacuated to & - I
the solid waste dump sites. Photo 1.1: Sludge accumulation in WWTP

In general, there is no regular desludging of anaerobic sludge from ponds.
The sludge is left in ponds until the ponds become full and there is no space
for wastewater. The accumulated sludge has a high percent of sand, which

settles in the ponds.

Concerning aerobic sludge
generated in the Gaza wastewater
treatment plant due to the bio-towers

and extension aeration pond, the

_\"v_ \ X’}}‘;' b \
municipality constructed 8 sand- ksli&i LMLLL. ZRRERe : :
Photo 1.2: Sludge removal from beds
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drying beds with a surface area of 430 m? each. At the beginning, sludge was
daily discharged to the drying beds where it was left for weeks until dried and
then evacuated to the solid waste dumpsites. Photo 1.2 which was taken in
2001 shows the method of dry sludge removal from beds. |

After one year of opetation, the beds are clogged and useless. The
municipality stores the sludge in a holder for a few months (4-6 months), and
then desludges it to the open areas within the treatment plant where the
excess water infiltrates and the residual transported to the dump sites or kept
as heaps in the treatment plant, see photo 1.1.

1.5 Sludge Problem- Background

As a residue of wastewater treatment, sewage sludge contains a complex
mixture of pollutants originally present in the wastewater. Sewage sludge is
expected to cent_ain_ organic matter, i.e. nutrients that could be usefu! for soil,
along with toxic organic elements heavy metals and pathogens that could be
toxic and dangerous if handled (Metcalf & Eddy, 1991}, Thls by-product from
wastewater treatment plants requires safe and economlcal dfsposal to protect
life and enwronment from its potentlal lmpact on humans soit and water n
conventional wastewater treatment plant design, a number of options are
available for management and disposal of sewage sludge:

s Drying in simply constructed sludge beds.

e De-watering by centrifuge or hydraulic press
e Incineration :

¢ Modified drying beds using Reeds

The final disposal of dried sludge or solid residue from the processes is
generally to landfill or agricultural land.

Sludge drying beds occupy relatively large areas of land, and disposal of dry
sludge to landfill means that useful plant nutrients are not used. In Gaza there
is need to use land and resources efficiently, Drying beds incur a high
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operational cost due to frequent desludging of the beds and transporting dried
sludge to landfill.

The second and third options incur high capital and running costs, and aiso
place the user in a position of reliance on external bodies for supply of spare
parts and éxpertise. Incineration also means that sludge is not used as a land

additive.

In the last two decades and in many countries a great deal of attention has
been paid {o the reed bed option. The experiments and pilot projects carried
in many cbuntries suggest that this syste'm has certain potential advantages
over other systems (Keefer, 2000). On the one hand, the infiltration rate of a
conventional drying bed is increased when planted with reeds, accelerating
dewatering. At the same time, accumulated sludge becomes composted,
which makes it more suitable for application to agricultural tand. The system is
a semi-natural system, which has Ioca!\constraints'and is still being studied
and tested, and more research is needed to study all the design parameters
for construction and operation of the system. Reed beds have not been
studied in Gaza previously, where special factors apply. The research aims to
develop design parameters for reed beds taking into consideration the special
conditions of the Gaza situation through conducting a pilot project in the area
usihg locally generated sludge. | ' '

1.6 Statement of the Problem

As stated before, over the past two decades three wastewater treatment
plants have been construded to serve the incréasing populétion of the Gaza
Strip. The treatment plants are located in Beit Lahia, Gaza City and Rafah. -

In addition to providing less than adequate wastewater treatment, these plants
also regularly produce large quantities of sludge, which at present are
removed and 'spread on land adjacent to the treatment plants. This is causing
a number of problems; including:
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e Contamination of groundwater reserves; The ground water reservoir in
the Gaza Strip is shallow at a depth of 30-40 m in the sludge disposal
areas and the soil is sandy soil which faclilitates infiltration. This means
that sludge could be one of the sources of high nitrate concentration in
ground water (250-300 mg/l) and a potential public health hazard.
Agenda 21 adopted by the United Nations Conference on Environment
and Development _(Eérth Summit of Rio de Janeiro, 1992) estimated
that 5.2 miltion people, including 4 million children, die every year due
to consumption of contaminated water. Improper disposal of wastes
(hum'an -wéstes, sludge and solid waste) are major sources of such
contamination (Sundamvadivel et al., 2000} :

 Wind-blown distribution of dried sludge is likely to contaminate iocally
groWn'- crops, grown for market and local consumption. There is a risk
that dry sludge dust particles, with bacteria attached, coat the leaves of
locally grown salad crops. It is noticed by the author that many. crops
‘mainly grapes are coated wnt_h sludge particles which could be
contaminated with pathogenic organisms.

. Avai!_abi-lity of land réqu'ired to accommodate the dumping of sludge is

" decreasing, creating a logistical problem for the operafors of the
treatfr;ént plants. The alfea of the Gaza Strip is only 365 km? with an
overall popUIation of more than1.2 milfion. The high rate of population
mcrease and demands on avai!able land for expans:on of remdentlal
areas are making land scarce and eXpenSive

o Many farmers in Gaza use partially treated siudge. Such illegal and
unmonitored use of contar'ninated sludge could create envircnmental
and health problems. |

e The existing waste water treatment plants are poorly managed. This is
due to lack of clear roles and responsibilities of existing Palestinian
institutions (oUT, 1998). Clear roles and responsibilities regarding
wast_eWater treatment and sludge handling should be required to
‘manage the wastewater sector in Palestine properly.
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Existing wastewater treatment plants in the Gaza Strip are waste stabilization
ponds and aerated lagoons. The current focus for future wastewater treatment
in Gaza is activated sludge. The activated sludge process is capable of
treating domestic wastewater quickly while needing only a relatively small
area of land. This process uses active bacteria culture that convert
approximately half the organic pollutants present in settled sewage into new
bacterial cells that can be removed, by physical separation, as sludge.
Although providing efficient wastewater treatment, this system also generates
large quantities of siudge as a by-product. This means that in the near future,
the Gaza Strip will face a serious problem in sludge handling. The solution of
such a problem has to consider the scarcity of land in the area and the limited
ability of residents to pay for sludge handling besides local human skilis
capacity. '

1.7 Summary
The recently'conStruc;ed treatment plants (constructed within the last 25
'years) are providing a partial solution for the treatment of wastewater in Gaza.
A more comprehensive solution to the problem requires that some means of
dealing with the quantity of sludge produced by these plants is quickly found
before the heéps of sludge currently accumulating around the treatment
plants grow to an unmanageable size and begin to impaét on the
-environment.

This research evaluated a potential solution for sludge m_anagem‘ent which is
effective in terms of reducing the voiume of the sludge whilst also ameliorating
any concentrations of pollutants taking into consideration the speciality of the -
Gaza Strip situation where land is scarce and ability of residents to pay for
sophisticated systems is low, as the local human skills are limited.
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CHAPTER 2
Objectives and Hypothesis

2.1 Aim

Huge a'mount‘s of sewage sludge (400 m®/day of aerobic ahd 5000m3lyéar of
anaerobic sludge according to author calculations Appendix C) are generated
in the Gaza Strip and siudge generated rates are expected to double in the
near future (3,700 m®day by the year 2025 according to author calculations
article 4.4.2). Such amounts create health and environmental problems in the
area, and a practical solution is required taking into account the scarcity of
land in the Gaza Strip, the bad economic situation and the limited availlable
hdman skills capacity. The main purpose of .thié study is to find a suitable
sludge managemen_téystem, which circumvents the problems and provides a_
Ibng;term, affordable method for the processing of sludge. Part of this
investigation will focus on the production of a final material, which may be
sultable for application to local land as a soil fertilizer and improver in terms of
organic matter and nutrients content, and which is acceptable to local

growers.

2.2 Objectives
In order to achieve the project aim, the following stages are necessary as
objectives: . .
1. To determine the characteristics (composition and water content) of the
raw sludge pr'oduced by the existing wastewater treatment plants,
2. To determine the quantity of raw sludge produced by the' existing and
future wasiewater treatment plants. |
3. To examine the quality and quantity of dried sludge produced by
processing the material in drying beds planted with the common reed
Phragmites australis. |
4. To compare the efficiency of drying sludge using vegetation with
conventional drying beds.

Chapter 2: Objectives and Hypothesis 13




5. To establish whether there is a role for reed beds for sludge drying
within the existing and future wastewater management system in the
Gaza Strip.

6. To identify suitable local operation and ma'intenance schedules for
sludge drying beds planted with reeds.

7. To identify the potential and economic value of the treated sludge for
use as a soil improver for Gazan agriculture.

8. To propose a management system for sludge with short and long term

solutions.

2.3 Hypothesis

In order to assess the suitability of using reed beds for sludge treatment in the
Gaza Strip, this research will attempt to prove or disprove the following
hypothesis: |

"Reed bed technology for wastewater sludge treatmént can be demonstrated
~ to be a feasible solution based on the constraints of land area, climatic
conditions, and the social, political, and e;:onomicall situation in the Gaza
Strip." '

2.4 Methodology

The research has been carried out over three years. The methodology
adopted to carry out such research was based on fieldwork, literature review,
meetings and interviews. The author began by clearly identifying the sludge
problem in the Gaza Strip and establishing aims and objectives for the study.

A literature review regarding sludge dewatering and treatment using reed
beds was conducted, and 'publications analysed to clearly identify gaps in
knowledge. The management systems of sl'udge disposal in neighbouring
countries (Egypt, Jordan and Tunisia) were studied together with existing and
future laws and regulations for sludge handling in the Gaza Strip.

A pilot project for a reed bed system was also constructed, and a three-year
monitoring program was implemented. The author studied the composition of
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sludge in the Gaza Strip and assessed its current quantity and estimated
likely future quantities. The quantiies and costs of local produced and
imported organic fertilizers were estimated, and a social survey conducted to
study the attitudes and willingness of Gaza farmers to use treated sludge.
Further details are summarised below. "

Literature review: the author reviewed the management systems for sludge
in many places. The main points of the literature review were:

Treatment systems:. Various possible systems fdr sludge treatment and

dewatering have been reviewed. Particular attention was paid to reed bed

systems. The author reviewed all available documents through checking

fibraries in both Palestine and UK, and contacting various authors and

researchers directly. The main purposes of the literature review were:

1. Finding out what other authors have done, and what is already known and
documented.

2. Building on the experience of others

3. Identifying éurrent gaps in knowledge

The reviewed material has been analysed and compared against the'resu!ts
obtained from the pilot project constructed in the Gaza Strip.

Laws and reguiations:. the laws and regulations regardmg sludge treatment -
and disposal have been reviewed in regional and international countries. The
aims were to understand the main concern of the countries having experience
of using sludge for agriculturai purposes. The author reviewed the Palestinian
laws and regulations regarding environment and natural resource protéction,
and compared the Palestinian standards with others. |

Institutional aspects: the institutional arrangements for sludge use in
agriculture in Egypt, Jordan and Tunisia have been reviewed and studied.
This review aimed to propose an appropriate institutional arrangement for
sludge use in the Gaza Strip based on the experience of neighbouring
countries and the existing Palestinian institutions and future plans prepared by
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the Palestinian Authority. To carry out such activities, the author made many
meetings with Palestinian decision makers besides reviewing the available
documents.

Determine thé quantity and the quality of sludge: The author reviewed the

available documents regarding quantity and composition of sludge in the.
Gaza Strip. Based on the available documents and pbpulation forecast figures

sludge quantities have estimated. Studies that have been carried out by the

Palestinian. institutions such as the Ministry of Planning and international

Cooperation (MOPIC), Palestinian Water Authority (PWA), Minié‘try of Local

Government (MoLG), etc; and the analyses of sludgé cérried out in the

laboratories have been reviewed. The future quantities were estimated based |
on th-e existing .quantities and bo_pulation forecasts, téking' into a_cc:junt the

treatment technology that is being‘ proposed for future wastewater'trea_tment

in the Gaza Strip. The quality was predicted based on available laboratory

results and expected changes in wastewater quality in the future due to social

and c_u!turai behaviour, and treatment techhology. |

Land use and Potential of sludge use: the author surveyed the a'gricultural
land use in the Gaza Strip and size -of each cultivated crop beside the
required quantity of organic fertilizers applied to each crop yearly. The survey
is based on the reports of Palestinian Ministry of Agriculture  (MoA),
Palestinian agricultural NGO's, meetings and site visits. The available data -
were collected, analysed and checked. The author tried to have many sources
of data to check and confirm their vaﬁdity; The estimated quantity of organic
fertilizers used in Gaza was compared with the quantiti'eé produced locally
and the imported quantities. |

Standards and guidelines for sludge use in Agriculture: the standards of
sludge use in agriculture from many.r-egional and international countries have
been collected. The main countries are Egypt, Jordan, lsrael, EU-countries
and USA. A comparison between the standards of these countries and the -
draft standards of the Palestinian Authority has been carried out, and
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recommendations proposed for Palestinian standards that have not yet been
drafted. '

Social survey: to study the acceptance and willingness fo use treated sludge
as an option to existing organic fertilizers, a social survey was conducted on
 Gaza's farmers; The survey studied the farm sizes and types of crops in the
Gaza Strip, the availability and cost of existing organic fertilizers, acceptance
by farmers of using treated sludge, previous experience of some Gaza
farmers in using sludge, and the willingness of farmers to pay for treated
sludge.

The author prepared a questionnaire that would be clearly understood by the
farmers. After preparing the questionnaire, the author discussed it with staff
from the public relations section of the Ministry of Agriculture. The idea was to
investigate how best to approach farmers to get accurate answers taking into
consideration the farmers’ limited background regarding sludge use, ahd their
levels of education. The questions were generally prepared in a way that
offered yes or no answers. The author asked for information using different
que’stions'to double check and to verify the accuracy of the farmers' answers.

The author cooperated with the Ministry of Agricu!ture and the Palestinian
Agriculture Relief Committee (PARC) in distributing the questionnaires. The
farmers were selected randomly within chosen regions; the only consideration
being paid to the geographical location. Groups of farmers from different
~ areas were questioned to present the attitude of all farmers in the Gaza Strip.
Over 170 farmers were chosen wi_thin certain regions. This number was
based on time constraints; how many could be distributed and processed. A
group of agricultural engineers and the author met each farmer individually to
explain the purpose and aim of the questionnaire and then asked them to
answer each question. The author spent three months distributing
questionnaires and 139 farmers of those questioned replied.

Reed Bed Pilot Project: to study the efficiency of reed bed system for sludge
treatment in the Gaza Strip conditions, a pilot project of two drying beds (one
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planted with reeds and the other unplanted) was constructed in the Gaza City
wastewater treatment plant with a base area of 200 m? each bed. The author
monitored the project for approximately three years and the main monitoring
parameters were:

o Plant (reed) growth and performance

¢ Hydraulic loading rates and its seasonal variation

o Solid loading rates |

¢ Evaporation and evapotranspiration rates and its seasonal variation

e Quality of raw sludge and infiltrated water

o Increase rate of accumulated sludge volume

e Quality of accufnulated siudge

e |nfiltration rate of leachate water vs. time

The design, operation and monitoring of the pilot project was based on the
results of the literature review.

The methods and equations used to measure each monitoring parameter are
presented in detail in chapter 8. The obtained results were compared with
data collected from previous studies in other countries. Finally, design criteria
for construction and operation of a reed bed system were modified taking into
consideration the specific conditions of the Gaza Strip.

Management Plan: Based on all the mentioned activities, the author
proposed a management plan for sludge freatment and disposal in the Gaza
Strip using a reed bed system instead of the existing sand drying"beds or any
mechanical system. The plan took into consideration the poséibility of using
treated sludge for agricultural purposes and the most safe and technically
appropriate method of sludge handling. The main elements of the plan are:

e Treatment system:. the author determined the design parameters for a
reed bed system for sludge treatment such as the bed area and cross-
section. Important operational parameters included hydraulic loading
rate and solids loading rates, with seasonal variation of loading rates.
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Institutional aépects: the author proposed the most appropriate
institutional arrangement' regarding sludge use for agriculture purposes
and recommended responsibilities for relevant Palestinian institutions.
The proposed arrangements. are based on the experience of other
regional countries, the roles and responsibilities of éxisting Palestinian
institutions, the laws and regulations of the Palestinian Authority and
the proposed standards and guidelines for wastewater reuse which
were prepared by IUG in-2002. The author discussed the proposal
with staff from the relevant Palestinian institutions, and other
individuals, and used his personal knowledge to adapt and refine the
proposal during the study.. '

Future plans. short and long term plans regarding a sustainable
sludge management system were proposed, together with
recommendations for future activities.

2.5 Scope , .
The scope of the research can be summarised in the following points:

Determine the quantity and the quality of exisﬁng and future sludge
generated in the Gaza Strip ‘

Determine the potential for sludge use on agricultural land in Gaza.
Construct a piloi_‘ project of two beds, one planted with reeds and the
other unplanted, and monitor the performance of such a pilot project for
three years. | | | |

Specify the roles of the Palestinian institutional organisations dealing
with sludge handiing.

Study the social and economic aspects'of sludge use for agricultural
purposes.
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2.6 Approach of the Thesis

The logical framework of the study is started by an introductory chapter that
presents the study area and describes the existing wastewater treatment
plants and defining the sludge problem. |

Chapief two presents the aims, objectiVes and 'hypotheées, in addition to

thesis methodology and scope of work. The chapter concluded with the thesis
approach presented in Figure 2.1.

In chapter three, a literature review of using reed bed for sludge dewatering
and treatment is presented showing the common and the gaps in knowledge
within previous experience. |

Chapter four presents the existing and the future sludge quantity and quality
in the Gaza Strip based on available documents, site visits and interviews.

Chapter five concentrates on the adVantages and disadvant_ages of sludge
| use as agriculture fertilizer, -and eXpIains the international’ and regional
standards regarding sludge use in agriculture. Palestinian standards, which
are proposed by the Palestinian concém institutions, are presented with final

conclusions.

Chapter six introduces the iand use in the Gaza Strip and the quantities of
organic fertilizers needed yearly with the cost of importing fertilizers and the
periods of fertilizer application -

Chapter seven addresses the results of a social survey conducted to study -

the acceptance of using sludge as an al'tern_ative to organic fertilizers, and the
willingness of farmers to pay for treated siudge

Chapter eight presents the resulis of a three-year pilot project using a reed
bed for sludge treatment in Gaza conditions.
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Chapter nine presents a management system for siudge treatment, disposal
and recommends further steps towards sustainable sludge handling.

Chapter ten outlines the final conclusions and recommendations.
|
|
|
|
|
|
|
|
|
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CHAPTER3
Sludge Treatment and Disposal

Literature Review

3.1 Background

A good sludge management solution at reasonable cost is not easy to find
(Lienard ot al., 1990). The proper utilization and disposal of sludge is one of the
most critical issues facing wastewater treatment plants. "Nearly all wastewater
treatment plant operators face the problem of storing and disposing of bio-
solids. Landfill costs are increasing rapidly, incineration permits are expensive
and difficult to obfain; and land application is limited by the availability of
permitted land. However, constructed wetland technology such as reed beds
provides long-term storage and volume reduction of bio-solids to mitigate
these concerns” (Keefer, 2000, P.61).

 This chapter presents the experience of using reed bed system for sludge
treatment in many areas and the management system for sludge use in
agriculture in Egypt, Jordan and Tunisia.

3.2 Sludge Treatment using Reed Beds

A Reed bed system for sludge dewatering is an innovative process (Fox
Engineering, 2003), being a combination of traditional sludge drying bed and
natural wetland (Burgoon et al., 1997) .it is widely used throughout Europe, Asia,
and Australia, and in many locations in the United States. Reed bed
technology features low construction costs and minimal day-to-day operation
and maintenance costs (Keefer, 2000). The system reduces water content,
minimizes solids, and provides sufficient storage time for stabilization of bio-
solids prior to disposal.

Reeds act in many ways‘to alter the character of solids and metals present in
the sludge. Firstly, their root system provides oxygen, which boosts the
population and activity of naturally occurring microorgahisms, which, in furn,
mineralize the sludge (Roy Consult Group, 2000). Secendly, the plants grow
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rapidly in this nutrient-rich medium and absorb some of the minerals, as well
as drawing water from the sludge (Roy Consult Group, 2000). Thirdly, roots
extend from the reed stems into the biosolids which create a system of
channels in the bio solids, allowing for continuous drainage and preventing
the formation of a semi-impervious biosolids layer, which is typical in
unplanted beds (Meﬂstrom and Jager, 1994). Meanwhile, the processes of
evaporation, drainage and plant uptake combine to transform the sludge into
a stable humus-like fertilizer material, which can be used to seal sanitary
landfill cells or as a soil conditioner (Melistrom and Jager, 1994). :

Although many research studies have been under't'ake,n, there is still need for
further investigation. The researcher has _col!e’éted several materials about the
experiences using this system from many places, using the Internet and
libraries in both Palestine and the United Kingdom. In this chapter, the author
s-ummarizes the findings of the titeratdre availabie. The main purposes of the
literature review are to know what ofhers_-'have 2already done, where there are
identifiable gaps in knoWledge, and to compare results from different
researchers. The author com'pared the findings of the literature review with
the results obtained from the pilot project implemented in the Gaza Strip and
_mo.nitoréd over a period of three years. - |

3.2.1 Wetland Definition

According to Gosh (1995) “Wetlands are parts of the earth’s surface between
true terrestrial and aquatic systems. Thus shallow lakes, marshes, swamps,
bogs, dead riverbeds, borrow pits, are all wetlands irrespective of their extent
and degree of human interventions. Wetlands are generally shallow and thus

differentiated from deep-water bodies. Wetlands often include three main

components. These are the presence of water, unique Soils differing from
those of uplands and presence of vegetation adapted to wet conditions”
(Aalbers, 1999, P.31).

The term "constructed wetland" generally refers to the use of artificial
wetlands in freating wastewater, and has recently been applied to sludge
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dewatering (Kim et al,, 1993). The interest in the aguatic wastewater treatment

systerns can be attributed to three factors:

e Recognition of the natural treatment capabilities of plants, particularly

as nutrient sinks and buffering zones (Kim et al., 1993).

« In the caseof wetlands, emergence or renewal of aesthetic wildlife and

other incidental environmental benefits (Kim et al., 1993).

» Rapid increase in cost construction and operation associated with

conventional treatment systems (USEPA, 1988).

3.2.2 Plants Options for Constructed Wetland :
A number of aquatic plants (e.g. reeds, cattails, bulrushes, willows) can grow

in water. Some common plants
used in constructed wetlands
are shown in Figure 3.1. Some
_ species are very resistant to pH
variation and high salinity
(Burgoon, et al, 1997). The reed
"Phragmites" is one of the most
widespread flowering plants in
the world. it is a tough

Figure 3.1: Plant options for constructed

Source: Sasse, 1998

adaptable plant, which can grow in polluted waters and find sustenance In
sludge. This reed has a voracious appetit_e for water. The piant is also tolerant
to low oxygen concentrations in the-watef and to waterlogged conditions (Fok '
Engineering, 2003). Phragmites Australis is an emergent aquatic rhacrophyte
that seems to be the best choice although its initial growth rate is surpassed
‘by broad leaved cattail (Typha'Latifofié) (Burgéan et al., 1997).

3.2.3 Advantages of Reeds for Constructed Wetlands
Reeds have many advantages and can meet the following demands of other

candidate species:

1. Fast growth even under diverse conditions (De Maeseneer et al., 1982).
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2. Reeds have a high evapotranspiration rate (Kiendl, 1953; Nielsen, 1993;
Reinhofer and Bergholz, 1994).

3. Reeds increase solids dewatering and stabilization of the biosolids via
evapotranspiration and root growth (Hoffman, 1990).

4. Reeds are tolerant of different water levels, drought, low and high pH
values and variations in sé[inity (De Maesencer, 1997).

5. Deep growth rhizome and root system (Lienard et al., 1995)

6. Reeds build new roots on the nodes when they are covered by
accumuiated sludge. (De Maeseneer et al, 1982; Kampf and Nolthenius,
1993; Nielsen, 1994). |

7. Reeds are. commercially available (De Maeseneer, 1994; Lienard et al.,
1998}, _ &

8. Reeds are easily planted (De Maeseneer, 1997).

-9, Reed beds imprové dewatering of sludge due to that the root excretion
of reeds roots leads to flocculation of colicidal organic acids (and their
subsequent polymerisation) (Kickuth, 1969).

10. Reed biomass contains lignin and other phenolic sources that might

- improve biological stabilization. Such materials pléy an important role
of humic acid cdnstruction (Duchaufour, 1983).

3.2.4 System Description
Reed bed design may vary from installation to installation; depending on local
conditions (Fox Engineering, 2003). In general, a reed bed system is a natural

system consisting of a sand Figure 3.2: Reed bed system for sludge
drying bed _covered with treatment, typical cross-section

dense vegetation consistﬂing ' }6 %\ . -:{_

of reeds. The bed consists !

of different layers of washed '
gravel with a top layer of
sand. The bhottom is lined

with an impermeable finer to

1 outlet

. . i
prevent drainage into the Source: Kadlec et al,, 2000
underlying soil (Kim et al,

1993). Leachate water is collected through a perforated pipe instalied into the
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bottom. The sides could be vertical or inclined with a fréeboard sufficient to
contain accumulated sludge and raw sludge. The system could be vertical
flow or horizontal flow, depending on the loading regime and the direction of
tiquid flow through the system. Figure 3.2 shows a typical vertical cross-
section through vertical flow reed bed system for sludge treatment. Such a
system could also be used fof wastewater treatment instead of for slludge
treatment.

Once the beds have been constructed, phragmites reeds are planted. The
bed is then flooded with water for a period of time varying from several days
to several weeks, de.pendihg on the growth rate, to facilitate reed
development (Kim et al, 1993). Once the reeds are established, stabilized
sludge is applied to the surface of the bed at regular intervals (Kim et al., 1993).
Raw sludge is applied to the sand and dewatered by gravity flow (Burgoon et
al., 1997).

3.2.5 Planting & Plant Growth _

Reeds are planted usually w:th a densdy of plants or root stocks being planted
at 30-cm centres (Kim and Smith, 1997). Mellstrom (1994) planted 10 plants per
mZ. Roots are planted for six months in a greenhouse before being planted in
the reed bed (Burgoon et al., 1997). As already explained in section 3.2.4, after
initial planting, the beds. are fiooded with water; maintained, and allowed to
enter a vigorous, normal growth phase before sludge is applied (Kim and Smith,
1997; B'urgodn et al., 1997). in some plants, sludge is applied irhmediately after
plantlng, and others are left for 1-2 months before sludge apphcatlon The
USEPA reports that the beds are usually flooded with water to a depth of
about 10 cm for several weeks to encourage plant development, and that
sludge is not applied until the plants are well established (Kim and smith, 1997).

Plant growth rates vary from one area to another based on climatic conditions
and research method. The system needs two years to become fully
established, which means that mineralization cannot be detected before that
time (Nielson, 1984). Reeds can grow to their full height of 250 cm in one year
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under normal weather conditions (CERL, 1998). After one year, regrowth rates
were more than 95% of the plants’ full size (Burgoon al et., 1997).

The plants are more sensitive to air temperature and wind than to the
moisture content of sand in the reed bed. When a reed bed is completely
drained, the tops of the plant curt and turn a light green then brown only when
temperatures increase above 30°C on windy days (Burgoon et al,, 1997).

Experiments showed that the growth. of reeds could be hindered or even fully
suppressed Iif strongly anaerobic sludges are applied (Lienard et al. 1990). Reed
beds treating sludge require a passive ventilation system to avoid anaerobic
conditions developing in the root zone.

- 3.2.6 Results and Discussion

The author reviewed all available literature regarding the use of reed beds for
sludge dewatering and treatment. The results of ali available documents are
summarized in Table 3.1. The main factors that control the operation of reed
bed system are:

s Hydraulic and solids loading rates

e Raw sludge type and solids content

+ Sludge application intervals

s loading intervals and seasonal variation

The results summarized on Table 3.1 are only for reed bed systems that were
considered successful by the authors of the publications, while some results
have been omitted for schemes that considered as failures by the same
authors. Some data were not published, and there are therefore some gaps in
Table 3.1. Regarding the type of sludge, the author has divided sludge into
aerobic and anaerobic siudge, which are the main types of raw siudge.
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Table 3.1: Hydraulic and Solid Loading rates of researches experiences

Loadi Loadin
Hydraulic | Solid _ g g
) . Solids Raw intervais | intervals
: Loading Loading
Author . Content | Sludge | {in (in
1 Rate .| Rate y T K ks)
' ' e 8 weeks
emimyr | kghmPyr | P weels) _
_ Summer | winter
Mellstrom(1984)- METHEL, ME 196 | 58.8 3 2 2
Mellstrom{1994)- CARIBOU, ME 159 47.7 3 2 2
Mellstram {1994} WINTER
. e 196 34.3 1.75 1 3
| HARBOR
“Mellstrom (1994) - BRISTOL, NH | 265 39.75 15 2
Mellstrom(1994)- WALLINGFORD, _
224 224 1
Lienard (1990} USTERS-BACH 350 35 0.9 15
Lienard {1590)- GEMMINGEN 200 146 |73 K
Lienard {1990y DORNSTADT-1 . 520 234 |04 1
Llenard (1690} DORNSTADT-2 130 1185 |15 2
lienard (1990)-REGSTRUP-1 653 . | 49 0.75 '
Maeseneer (1997) - . 571 - | 40 1 14275 25
Kim (1994) - 400 |61 3 2
Tieniard (1695) 255 (3B |1 2 7
| Bergoon atel, (1997) 571 40 0.7 £ (|2
Niefsen S. M. (1994) 1200 36, 2 5 |z
Lienad (1990)}-DORNSTADT-3 130 455 |35
Lienard (1590} WITZENHAUSEN | 167 45.8 25 o
Uenard (1980)REGSTRUP2 | 156 546 |35 g 6
‘[ Zwara W., (2000) ‘ 80 56 7 o 15
Neurohr (1983) - T4 50 | 0.858 E
Kim (1694) 187 36.5 5 .§

Source: Author, adapted from various publications (see references in the table)

Hydraulic Leading Rate .

The hydfaul-ic .Ioa'ding rate (HLR) varies for different authors, see Figure 3.3.
Also HLR is affected by Siudge type and concentraﬁcn. Many experiments
show that as slﬁdge concentrations increase, the HLR reduces. Reported
sludge loading rates on average ranged from 5 fo 10 cm per bed, and sludge
applications ranged from weekly to bimonthly loadings (Kim and Smith, 1997).
The HLR varies from 0.73 m/year to 7.3 m/year with aerobic stabilized sludge
(Kim and Smith, 1997), while under the same conditions the HLR reduces to
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Figure 3.4: Hydraulic Loading vs. Percent Solids

Aerobic Sludge
_E, 800 W
26001 & o y = 334.78x04018
£ 2 ..
§ 4001 \\N . R? = 0.3183
)
g 200 - ° o0 : - °
:h 0 i [ j T 1 T T 1
0 1 2 3 4 5 6 7 8

Perecent solids

Figure 3.5: Hydraulic Loading vs. Percent Solids
Anaerobic Sludge
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Solids Loading Rate

The factors that may affect solids loading rates include the weather conditions
‘(summerlwin'ter), type of sludgé, percent solids, area of bed-and-hydraulic
loading rate (Kim and Smith, 1997). Solids loading rates range from 16 kg/m2.yr
to 106 kg/mZ.yr (Kim and Smith, 1997). Another research study carried out using
activated sludge shows that SLR varies from 43.8-58.4 kg/m%yr and can
reach 78.5 kg/m®.yr (Lienard et al, 1995). The loading rate recommended by
Hofmann (1990) was an annual dose of 20-30 kg/mz.year {Lienard et al, 1595).
Burgoon et al. (1997) reported that 65 kg/m2.yr of TSS can be applied. Solids
loading rates ranged from 13 -60 kg/m?.yr using anaerobic digested sludge
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with solids content 2-10% and increase up to 16-106 kg/m2.yr using aerobic
digested sludge with ‘solids contents of between 1 and 5% (Kim and Smith,
1597).

Figure 3.6: Solid Loading Rate
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Source: Soyrces are shown on horizontal axis

There is a significant variation in solid loading from one site to ancther. it
seems the main parameters affecting the solids loading rate are the type and
quality “of raw sludge. Experience from several authors shows that for aerobic
sludge, sblid loading varies frb‘m 20 kg/m.yr up to 145 kg/m2.yr. This range is
less for anaerobic sludge, for which solid loading rates can vary from 37 up to

55 kg/m2.yr.

Figures 3.7 and 3.8 show the relationship between solids loading and percent
solids for aerobic and anaerobic sludge respectively. The results are from the
publications used as source material for Table 3.1 |
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Figure 3.7: Solids Loading vs. Percent Solids
Aerobic Sludge
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Figure 3.8: Solids Loading vs. Percent Solids
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Based on Figures 3.7 and 3.8, solid loading rates increased while percent
sb!ids content in raw sludge increased if aerobic sludge is applied; while for
anaerobic sludge, solid loading rates are not affected by the percentage solids
contents. Solids loads are calculated based on hydraulic loads multiplied by
percent solids. As solids load per year is constant whatever the solids content
of raw anaerobic sludge, the hydraulic load is inversely proportional to. solids
content. As the solids content in raw sludge increases, the hydraulic load that
can be applied reduces. For aerobic sludge, the hydraulic load is not affected
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by the percent solids of the applied siudge. This makes aerobic siudge more
favorable than anaerobic sludge for application to reed bed systems.

Evapotranspiration
The dewatering rate of sludge applied to reed bed systems depends on the
infiltration rate of the bed and the evapotranspiraticn capacity of reeds.
Phragmites is well suited to sludge dewatering because it is characterized as
being extremely tolerant to variable environmental conditions and as having a
high evapotranspiration rate (Kim and Smith, 1957). Most plants can take up
water with osmotic pressure superior to 16 atmospheres; while this pressure
in reeds can reach 20 atmospheres, which én'ables reeds to absorb more
water even in adverse conditions. The rate of evapotranspiration from reeds
. can be double the evaporation rate from an open water surface ( Lienard et al,,
1993 ).

Around 70% of water from applied sludge infiltrated within the first 12 hrs of
-sludge ldading {Nielson, 1994) and the infiltration stops after 24 hrs. Nielson
(1993) stated that infiltration stops when solid contents reaches 20% or more.
The rest of water has to'be evapotranspirated. Burgoon (1997) estimated that
around 10% of hydraulic load is lost through evapotranspiration and the other
90% infiltrates into the bed.

Comparing evaporation and evapotranspira_tion from reeds, Burgoon (1887) -
stated that the evapotranspiration rate from reeds is 6.4 mm/day while
evaporation from an open water surface at the same climatic conditions is 3.8
“mm/day. Reinhofer and Bergholz (1994) stated that of the tdtai water input
{sludge + precipitation) 46% leaves the system by drainage, 39% by
evaporation and 15% stays in the remaining sludge.

No fixed factors should be used to estimate the water consumption of reed
from open water evaporation, as transpiration was much moré sensitive than
evaporation to weather conditions (Herbst and Kappen, 1999). The
evapotranspiration from reeds could be higher for aerobic siudge than for
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anaerobic sludge due to healthier growth of reeds with aerobic sludge than
with anaerobic sludge (Kim and Smith, 1997).

It is concluded that the evapotranspifation capacity of reeds is high compared
to evaporation rates, atthough it is difficult to estimate the evapotranspiration
capacity of reeds. The figures mentioned by authors are based on their
observations, while there are no exact figures that estimate the potential
evapotranspiration capacity of reeds. '

Reed Harvesting and Accumulated Siudge Removal

Unlike ordinary sand-drying beds, reed beds do not require removal of dried
sludge. New sludge may be applied in layers over the previous sludge
applications. The reeds are normally harvested annually; usuélly at the start of
the plant's winter dormancy (Kim et éf., 1993; Mellstrom and Jager, 1994). The full
height of reeds is around 4 m, Reeds are cut to a height of 8 inches {20 cm)to
prevent large plants from drying out and then requiring oxygen for
decompositioh,_as‘well as to ensure that drying plants will nbt:occupy space
that could be filled with solids (Keefer, 2000).

The sludge accumulation need'only bé removed from the reed beds after
about 10 years of continued application (Kim et al., 1997), although this figure
could vary between 6 and 10 years (Fox Engineering, 2003; Burgoon et al., 1997;
Nilson, 1993; Neurohr, 1983). Reed growth and health is affected by the depth of -
accumulated sludge. If more sludge is accumulated, more oxygen will be
required for s!udge mineralization. The authors estimated that the maximum
depth of accumulated sludge could reach 60-70 cm, which -is the main factor
that necessitates removal of accumulated sludge. |

Prying Periods

After sludge application, beds are allowed to rest before complete removal of
accumulated sludge. The rest period varies from six months (Zwara and
Obaraska, 20600) up to a full year (Mellstrom and Jager, 1994). Such a pericd is
required to make the accumulated solids drier and to get rid of pathogenic
organisms. At the same time mineralization of organic matter can be
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achieved. Solids content may be between 25 and 50% based on the climatic
conditions and the duration of the resting period (Kim, 1994; Lienard et al., 1990;
Nielson, 1994). |

Cost Analyses

The cost of any siudge treatment system can be categorized into three main
items. The initial or capital cost which is the cost of construction of the system.
Operational and maintenance cost which is the cost of equipment, manpower
and maintenance of the system during operation. The third is the cost of
disposal for treated siudge. Comparing reed bed with drying beds, the
following points should be noted: '

» Construction costs for reed beds are the same as the drying beds. Only
the freeboard for a reed bed needs to be greater than for a drying bed
to contain the accumulated sludge (Kim, 1954).

e Drying bed systems need regular, intensive manual labour to remove
the dewatered sludge (Kim et al., 1993). |

° Disposal costs of slu‘d_ge from reed beds are less than those for.drying
beds. Composting and mineralization of accumulated studge réduces
its volume (Neurohr, 1983), which has a direct impact on disposal costs.

o The operational cost of a reed bed is 27% that of a drying bed while
disposal costs are 50% less for the same quantities of sludge (Kim and
Smith, 1997).

e In Pennsylvania, it has been found that significant cost-saving occurs

" by replacing sludge drying beds with reed beds (Peter et af., 1997). -

Quality of Leachate Water

High removal rates for organic pollutants can be achieved in beds planted
with reeds. The quality of filtrate depends of the source of raw sludge,
hydraulic loading rate and seasonal variation. With a solids ioading of 40
kg/mZ.yr and a hydraulic load of 571 cm/yr, the removal rates of COD and
TSS can reach 95 and 99% respectively, while a 90% reduction of TKN can
be achieved (Burgoon et al,, 1997) (see Table 3.2). Burgoon et al.(1997) stated
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that the quality (COD, TKN, TSS) of the filtrate from the reed beds is not
influenced by the range of solids loading the bed.

Table 3.2: Water quality in biosolids and filtrate from the Reed Beds in Quincy,

WA
_ NH4-N NO;-N
Patameter | CODmg/l | TSSmg/l | TKNmg/ pH
- mg/l mogfl
Biosolids 14,131 14,567 £
: 9741378 | 126463 1.0+ 05 7.0+£02
5821 16,647 :
Filtrate 713 £ 201 75£27 | 95£22 7329 6.0+t59 7.0x0.1
0/ .
° 05 99 90 42
Removal |

Source: (Burgoon et al,, 1997).

Experience with planted and unplanted drying beds used for treatment of
activated sludge indicates that varying degrees of nitrification are té_king 'ptace
durihg the passage of the liquid through the bed (Lienard et al., 1995; Heinss et
al, 1998). Ammonium nitrogen (NH-N) reductions are particularly high in
planted beds. Denitrification was considerably higher in the planted bed than

in the unplanted one (237.1 versus 14.1 g N/ m2.year) {De Maeseneer, 1997).

Begg et al. (2001) stated that effluent quality ahd removal efficiency of drained

water are highl'y satisfactory in the removal and effluent concentration of
suspended solids, organic matter, and nutrients. Reed bed systems show
positive removal capacities for hitrog'en and phosphorus with the removal
mechanisms ascribed to plant . adsorption. plant uptake, or chemical
transformation and precipitation (Revitt et al, 1997). The results ob_tain'ed by
| Begg et al. (2001) show a 90%_reduction in nitrate-nitrogén and an 80%
reduction in total phosphorus. The effluent quality of drained water (for BOD
and SS) complies with regulatory standards and no further treatment is
required; effluent could be discharged directly to waterways (Begg et al., 2001).

Quality of Accumulated Sludge

Many authors have paid attention to the quality of accumulated sludge to
investigate its suitability for !and application. Based on the author's
conclusions, the folicwing points can be noted:
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» Accumulated sludge has 40-50% solids, while metal concentrations
increase by between 50% and 150% for dry mass compared with raw
sludge (Kadlec et al., 2000). '

» Accumulated sludge is rhainly biomass and low grade compost
(Neurohr, 1383).

¢ Analyses carried for 3-year accumulated aerobic sludge indicated that
the bottom 30 cm of the residue was composted brown matter with a
fresh smell. It was well dewatered (over 40% solids), but volatile solids
had not mineralized as expected, and there had been only a 5%
volatile solids reduction in 4 years (Kim and Smith, 1997).

e Hofmann (1990, 1995) shows several positive effects of the planting of
reeds in wastewater sludge such as higher dry weight contents of the
residual siudge, enhanced decomposition of the organic matter, and
better _qi;ality of the percolated water. In the deeper layers of the sludge
the numbers of different bacteria groups are roughly ten time.s as many
in the sludge from planted beds as in that from the unplanted be_ds',
whereas it is the reverse in the filtrate (percolated water) (De Maeseneer,
1997). '

Pempkowiak and Obaraska { 2002) analysed sludge accumulated in a reed'
bed system for 7-21 years (see Table 3.3). The main concern was the
moisture conten‘t-.‘ organic matter nitrdgen, phosphorus and heavy metals. The
system was loaded with a hydraulic loading rate of 17.5 mm/m2.day in
summer, 4.7 mm/m?.day for the rest of the year and a solids loading of 21.25
kg/m?.year

Pempkowiak and Obaraska (2002) concluded that a 21 year storage period
leads fo distinct changes in the chemical composition of aerobic sewage
sludge. This is best manifested by a decrease in moisture from 46 to 41%,
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organic matter from 49 t037%, Niga from 3.86 102.5%, Py from 0.51 to
0.23% increasing ratio OM/P 14942, Nioti/Piotar 2024, and OM/Nigtal 15.010.9.

Table 3.3: Contents of water, organic matter, nutrients in stratified sewage
sludge stored in Jastarnia

Depth Organic matter | Moisture | Ny Prtar
{cm) (% d.m.) (%) (% dm.} | (% dm.)
0-2 40.6 46.7 3.05 0.35
2-4 40.1 ' 48.5 31 0.34
4-5 48.5 49.7 3.81 0.55

| 6-8 50.2 48.6 | 3.86 0.51
8-10 45.8 44.8 3.25 0.34
10-12 41.9 44.1 2.85 0.28
12-14 38.6 40.2 2.54 0.28
14-16 3 38.7 2.52 0.24
16-18 36.6 39.6 2,44 0.23
18-20 36.8 40.9 | 2.6 0.24
20-21 325 36.1 2.52 0.22
21-22 . | 182 28 11.94 0.16
22-23 14.3 26.3 1.7 0.14
3304 | 164 301 1.72 0.12
d.m., dry matter

Source: Pempkowiak and Obaraska, 2002

3.3 Sludge Management
Sludge is widely used in agriculfural purposes in many places around the
world. Therefore in this research, the management system regarding sludge
treatment methods, laws and regulations, institutional and social aspects of
sludge use in agriculture is reviewed in some regional countries and in

Palestine.

3.3.1 Siudge Management in Neighbouring Countries

Sludge management system in Egypt, Jordan and Tunisia has been reviewed
and analyzed. Table 3.4 summarized sludge management in the three
countries regarding sludge treatment methods, sludge disposal, faws and
regulations, and institutional aspects.
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Table 3.4: Experience of Sludge treatment and disposal in Egypt, Tunisia and Jordan

Egypt _ _ Jordan Tunisia
Sludge Disposal | Most of the produced sludge is utilized in Sludge is only disposed to landfills; no Currently, sewage sludge is mainly used
agriculture and as soil conditioner sludge is utilized in agriculture. for agricultural purposes. Until now,
sludge market is not organized. Sludge is
supplied to the farmers at low cost
compared with other organic fertilizers.
Sludge is given to the farmers at the
treatment plants, where dried sludge is
hauled by the farmers who use it for their
: agricultural land.
Laws and Until now, there have been no strict The Jordanian Standards JS 1145/1996is | Up to now, official control and regulation
Regulations regulations for sludge utilization. Although, | adopted regarding sludge reuse in of sludge quality and use does not exist.
the Egyptian Environmental Agency and agriculture. The main elements of the
Ministry of Agriculture recently issued standards are:
mformal regulations regarding the handling | Treatment method.
and disposal of sludge Quality inspection
Heavy metals concentrations and
Pathogenic pollution limits. See appendix
_ 1 F for more details,
Institutional Responsibilitics for Water quality ‘ Reuse of sludge in agriculture is regulated | ‘The responsibility of wastewater and reuse
Aspects management including sludge treatment and | by the Jordanian Standard JS'1145/1996. | in agriculture is shared by many
disposal are shared by a wide range of The legislation appoints the Water Ministries: the Ministry of Environment
governmental institutions at the national, Authority of Jordan and the Department of | and Land Management, the Ministry of
regional and local levels of the government | Environment and Health to monitor the Agriculture, the Ministry of Public Health
of Egypt supported by a number of NGOs compliance fo the law. and the Ministry of Tourism. More details
such as scientific Institutions, Universities about the responsibility of each Ministry
and others which play a role in policy are presented in Appendix F.
formation and implementation. See appendix
: F for more details -
Source: Adopted

from DAC/DAPE, 2000
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Based on the literature and Table 3.4 the following points are addressed:

Sludge Treatment. the main treatment technologies which are used are
aérobic and anaerobic digestion, thickening and conventional sludge drying
beds. It seems that the three countries (Egypt, Jordan and Tunisia) are
'interested in low cost systems which do not require h'igh levels of skill.

Sludge Disposal: In Tunisia and Egypt, most sludge is utilized for agricultural
purposes while in Jordan; sludge is only d'is'posed to landfills. It is intended in
all countries to utilize sludge in agriculture and to benefit from the nutrients
available. |

Laws and regulatio'ns: .The legislation on sludge use in different countries
varies greatly. For example, in Egypt the Ministry 'of Agricultur‘é limits the use
of the sludge as a fertilizer in restricted cultivation of uncooked crops, citrus,
mango, cotton, green beans, proirided that the quantities used not exceed 5
tonnes/acre/year with official and valid permission from the Ministry according
‘o farm size. In Jordan, there are clear laws and regulations that control the
. treatment and' disposal of sludge. In other countries such as in Europe,

legislation is much stricter.

“Institutional Aspects. the three countries pay attention to reuse of treated
wastewater in agriculture where laws and regu!ations are clear and well
defined. The types and numbers of institutions involved in wastewater
treatment and reuse differ from one country to another. In Egypt and Tunisia
there are Enany Governmental and Non governmental institutions which are
involved in the wastewater sector. The institutions vary from national to
regional and local levels. Such arrangements could depend on the size and
population of the country. They may alsc depend on political decisions about
the number and responsibilities of different ministries. In Jordan two
governmental institutions are responsible for the wastewater sector.
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Social Aspects: Farmers attitudes and their acceptance of sludge use in
agriculture are not covered in the literature reviewed. This could be due to
limited experience and random use of sludge. Only Tunisia promotes the use
of sludge and supplies it to the farmers at low cost compared with other
organic fertilizers. In other places such as Stockholm (Sweden) the
agricultural use of sludge has not been accepted by the food industry, some
members of the public and certain interested organizations, even if the quality
of sludge is better than the stringent requirements from  authorities
(Mos_sakowska ef al., 1998).

3.3.2 Current Sludge Management in Palestine |

In Palestine, as in numerous other countries where water is scarce, sewage is
often discharged as a waste product, leaving most of the attention to focus on
emergency measures to solve water supply problems. Therefore, generally
speaking, one finds no specific institutional or legal references to sewage
management and thé tasks and duties of administrative bodies are defined
case-by-case on an ad-hoc basis according to the problems and opportunities
linked to local skills and resources at the time.

Since 1995, specific requests for action from the PA, and increased difficulties
due to general malfunction of sewage treatment facilities, have provided
justification for new investment in sewage management facilities.

Current programmes are aimed at increasing the volume of wastewater
treated, both as a result of increased urban water consumption and because
of a sho'rtcomihg in old sewer networks; some networks, for éxamp!e,
collected wastewater, but discharged it without treatment. Between 1995 and
1997, from the author's personal knowledge, eleven such networks in the
Gaza Strip were connected to wastewater treatment plants. Programmes are
also aimed at reuse of wastewater and sludge for agricuitural purposes,
because of general public concern about conserving water resources, and
protecting the environment.
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Existing laws and legislations

The most frequently quoted relevant legislation is Water Law No.3/2002 (PNA,
2002), (see appendix C) explaining the basis for establishment of the
Patestinian Water Authority (PWA). [t should be noted that Water Law
No.3/2002 is a modified version of Law No. 18, published in 1996. The PWA
was officially established in 1996 but existed before the PA. Section 9.3
explains the contents of this law in terms of the functions to be performed by
the PWA.

At the same time as the principles for establishing an institutional framework
for water management and service delivery for the Palestinian National
Authority (PNA), other aspects are discussed in _Water Law No.3/2002, in
particular the environment and the protection of natural resources.

The “Palestinian Environmentai Protection Law No.7/1999 (PNA, 1999), (see
appendfx D),' more commonly known as the Environmentai Law, has been
approved. It defines how in environmental terms, to locate environmentally
sensitive areas, define acceptable levels of poliution, identify the
environmental nuisances and conduct environmental assessments.

its aim is to foster environmental protection in order to guarantee sustainable
development of the natural resources available, and to preserve them for
future generations. The law is based on severai principles which are briefly
summarized below:

e Precautionary principle: certain measures shail be taken beforehand to
reduce or minimize any risk of danger to the environment.

o Preferential principle: the project with the least negative impact an the
environment shall take preference over projects likely to have a larger
impact.

» Preservation of natural resources; the good quality of natural resources
such as water shall be preserved.

s Polluters pay.
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» The public has rights to information, knowledge and participation,
o Cooperation: the public authorities, associations and individuals shall
cooperate at all possible levels to protect the environment.

Institutional Aspects

This section provides information about the various organizations associated
with the water sector in- Palestine. Several organizations are involved and
these have legal obligations to cooperate with one another. Much of the
information in this section dealing with institution-a'l aspects is based on the
~author's personal knowledge, informal interviews with local people; and
reports from SOGREAH (1998), {UG (2002) and Jamal & Shoblak (2000).

: Pa!estmlan Water Authonty

The duties and responsibilities of the Palestinian water authonty (PWA) were
derived from Water law No._3/2002 (PNA, 2002). 1t is recognized as a key
organization in the management of water resources throughout Palestine.

Atticle 7 of the Water Law stipulates that the PWA has responsibility for
managing water resources, implementing water policy, and administration as

- follows: .

"Water resources: the water located within the boundaries of Palestine,

 whether surface or groundwater, and the regional water, including brackish

and wastewater.

Water poliby approved by the Palestinian National Authority, to protect natural

and political rights in water reSourceS, its utilization'and projects in Palestine.
Adm'inist_ration: mdnitoring and development of watsr resources, through
‘guidance, data, studies and comprehensive plans for water utiliéation, énd
issuing permits and licenses to use water" (PNA, 2002). |

The creation of the PWA was an important, long-awaited step providing a
‘guarantee of efficient management of available resources, the establishment
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of water projects and full supervision of their implementation through

government bodies, municipal councils or individuals,

° Législation :
o Drafting of legislation on water resources,
o Drafting of waste water regulations
« Wastewater planning :
o prepératidn of master plans
o planning, deéign and ensuring technical standards are achieved
o Effluent standards and sludge handling: |
o discharge of effiuents for re-infiltration (groundwater recharge),
o managing, approving and monitoring discharge for agricultural

reuse,

The PWA comprises 4 depariments: .

4. Water resources and planning department, which is mainly in charge
of policy strategy, maintaining 2 water data bank, and hydrological
analysis, ‘

2. Regulation department, which is in charge of license fees and tariffs,
control of tariff collection, and consumer affairs,

3. Technical department, which is in charge of quality assurance and .
standards, personnel training, and research,

4. Administrative department, dealing with economics, personnel
management and personal sefvices. |

The main aim pursued by the PWA is to control knowledge and uti!azation of
local resources whilst facilitating positive initiatives taken by various pubhc

and private promoters.

By granting licenses, permits and concessions for any type of water utilization
or wastewater end use, the PWA is an important partner in the master plan for

|

|

|

In wastewater management, the major responsibilities of the PWA are:
|

|

|
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sewerage in the Gaza strip. The PWA supervises and monitors individual
water projects as well as preparing the national water plan.

Palestinian Environmental Quality Authority (EQA)

Following a decree from the chairman of the Palestinian National Authority,
Palestinian Environmental Authority was established on 10" December 1996.
‘This later changed its name to the Ministry of Environmental Affairs and more
recently to the Palestinian Environmental Quality Authority. The Authority is
improving its performance, but the changes in name do not affect the status,
roles and responsibility of the Authority. The structure of the Authority took
shape in early 1998 and comprises a multi-skilled staff split into 7 directorates:

e The Inspection and Monitoring Directorate, with district environment
offices in Gaza City, Ramallah, Nablus and Hebron. This diredtorate is
in charge of environmental control, and is responsible for follow-up on
licensed factories and companies to ensure compliance with the terms
agreed when licensed. | |

e The Natural Resources Conservation Directorate, which is di&ided into
five sub-departments dealing with soil, wildlife, natural reserve, bio-
diversity and public park preservation.

e The Environmental Studies, Research and Planning Directorate. This
directorate is mainly involved in the establishment of strategy and
environmental p'!anning. It works on the basis of statistical tools and
data processing, and is also in charge of the central laboratory unit,
which allows it to extend the Authority's environmental research
activities. | |

¢ The Environmental Impact Assessment, Licensing and Pollution control
Directorate. This directorate works in conjunction with companies and
small, local factories on poliution control and on environmental impact
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assessments related to business development. It is also involved in
finalizing and approving waste treatment processes, both public and
commercial.

e The Managerial and Finance Directorate, dealing with EQA staff,
recruitment of personnel, and administrative ~ and financial
management.

e« The Public Relations and international Directorate to ensure the
awareness of activites of EQA in the West Bank, the Gaza
Governates, and abroad.

o The Project Implementation and International Directorate, is the
executive unit for all on-going and proposed projects, negotiating with
donors and investors. '

Since its creation, EQA has been working on ah Environmental Law. The final
amendments of this law received approval in 1999, It empowers EQA to enact
~regulations and decisions under this law in all municipalities and companies.

| At least one of the major concemns of EQA is to preserve the consensus
between the various auth'orities and stakeholders involved and to supervise -
various projects 'manage'd by 'oth'ér o_rganizations. EQA thereforé works ,
closely with the PWA, with the Regional Utilities and Village Councils, and
with MOPIC. |

Ministry of Planning and International Cooperation (MOPIC)
The Ministry of Planning and International Co-operation has an important role
o play at macro-economic level in integrated planning within the Palestinian
Territories, while sectoral planning is the basic responsibility of operating
' ministries, having responsibility for implementing developments.
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The infrastructure projects initially managed by'MOPIC are highly demanding,
and the various development activities need many different human, financial
and material resources. MOPIC has therefore been given a mandate to work
in liaison with all PNA operating ministries for medium and long term results.

MOPIC’S liaison with opérating ministries will enable the integration of.a!l
sectoral plans and programmes in the National Development Plan. Monitoring
progress is an essential role of MOPIC in the implementation of sectoral
policy, projects and programmes. |

The human resources of MOPIC are substantial: approximately 215 persons
were employed in 2003. MOPIC consists of two main directorates under the
Minister. These two general directorates (International Cec-operation and
Planning) have specific functio-ris and-'operétionall duties, and they report fo
the Minister. Each of Zthe'Se main directorates comprises of a number of other
dlrectorates In addition two smaller dlrectorates (admmlstratlon and co-

- operation) manage relations W|thm MOPIC.

Only the directorates within the General Directorate of planning are listed
below, because this Directorate has respbnsibi!ity for infrastructure projects,
including sludge management, within the directorate of Water, Sewerage and
Storm Water Drainage Planning.

The General Directorate of Planmng Sector with:

e The Directorate of Urban and Rural plannmg, DURP

e The Directorate of project planning & Monitoring,

e The Strategic p!anmng Directorate,

o The Technology & Scientific planning Dlrectorate

e The Directorate of Roads, Rail & Marine Transportation
planning, '

e The Directorate of water , Sewerage & Storm water Drainage
planning,
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e The information & Mapping Center Directorate,
¢ The Directorate of Human Resource planning & Development.

Ministry of Local Governmental Affairs (MoLG)

This Ministry is responsible for coordinating the provision of services by

regional utilities. Its role is to control technical and financial operations. It is in

charge of pricing policy in each municipality.

The Ministry comprises 4 depariments:

1. Department of Engineering, including a planning unit working on land use,

2. Department of Projects, having responsibilittes for implementing and
‘maintaining infrasfructure projects.

3. Financial, Management, and Administration Department,

4. Inspection and Control Department.

Municipalities and Village Councils

There are 16 Municipalities in the Gaza strip, each municipality having more
than 5000 inhabitants. In addition there are 7 local village councils, consisting
of villages with a population of up to 5000 inhabifants. Some of these villages
have very small population.

Responsibilities for village councils and municipalities differ on some issues.
The Municipality and village councils are responsible for providing water and
sewerage services. -The legal basis is very complex since laws and
regulations from the Ottoman Empire, the British mandate, the Jordanian
Government and the Israeli occupation all appear to play a significant role.

- However, indivi-duals and municipalities can hold water rights.

Finance for operation and maintenance of water supply and sewefage
systems is the responsibility of the municipalities and village councils. The
recurrent expenses associated with these systems are mainly wages, raw
materials, power, and supply of spare parts.
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The councils are responsible for the collection of water revenues and taxes.
Revenue collection is regulated by the guidelines established by the Ministry
of Local Government Affairs.

3.4 Conclusions and Recommendations

Based on the literature review of using reed bed for sludge freatment and the
experience of using sludge in agricultural purposes, the fo}lowmg conclusions
and recommendations can be identified.

3.4.1 Siudge Treatment

Great attention has been paid to sludge treatment and dewatering using reed
bed systems. The start was a modification of traditional drying bed systems,
which is to retrofit sludge drying beds by planting it with reeds. Based on the
review of the experience from USA, UK, West and East Eurbpe the following
points can be addressed. -

System design: most constructed reed bed systems are very similar. The
beds are similar to drying beds WE'th' planted reeds. Some modifications are
made to fraditional drying bed systems by providing ventilation pipes to
maintain the root of the reed in aerobic conditions.

ng Sludge: secondary sludge was applied in reed bed systems. Aerobic

and anaerobic sludge have both been tried. The solid content of sludge varies

from 1-5% in aerobic sludge and up to 10% in anaerobic digested sludge.
This wide range of sludge quality provides evidence that reed beds can cope
with different sludge qualities.

Hydraulic Loading Rate. review of other experience on this field shows a
wide range of hydraulic loadings applied to reed bed systems. The main effect
of the hydraulic load is the raw sludge type (aerobic & anaerobic), solid
content and ciimatic conditions. Based on data collected from different
experiences, it is concluded that the hydraulic loading rate can be higher for
aerobic sludge than for anaercbic sludge.
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Solids Loading Rate: reed bed systems can cope with different quantities of
solids loading rates. The main parameters affecting the capacity of reed bed
systems are the quality of raw sludge and the climatic conditions.

Based on the review of several studies of using reed bed system for sludge
treatment, the following points can be addressed:

¢ A number of reed beds treafing sewége sludge have been operating
successfully in Europe and in North America over periods of up to eight

years without sludge removal (Llenard et ai. 1990; Kim and Smith, 1997). As .

an-example, a survey of operators from _17“treatm'ent p”l_\ants. in New
England reported that 12 prefer reed bed, 2 do not have an opinion
while only three do not prefer reed bed (Melistrom and Jager, 1994).

e Prev'ious-experi‘ence[,revems that good permeab.iliiy‘ is ‘maintained

despite an ihcreasi'ng Lsi‘l;fdg_e height on the bed. This may be-aﬁﬁbuted
to - the permanent root growth, which prevents clogging of the
soll/sludge filter. . |

+ The main parameters that c_ohtrol the system performances are:
hydraulic .& solids loading rate, raw sludge quality and climatic
conditions.

s Health conditions of reeds are influenced by air temperature and wind |

more than meisture content of the sand in the reed bed. The biological
activities inside the accumulated sludge are affected by weather
conditions, which influence the mineralization rate of accumulated
sludge. Also in many places, hydrautic loading stopped for a certain
period of the year due to freezing or the dryness of the reeds.
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e Raw sludge is applied every one to two weeks, and in some research

programmes it is applied every six weeks.

¢ Hydraulic loading rates are affected with sludge type. Higher rate of
hydraulic load could be applied for aerobic sludge.

¢ Sludge loading could be stopped when the depth of accumulated
sludge reaches 60-70 cm. A drying period from 2 months up to one
year is required to dry accumulated sludge before removal and
disposal. '

o Accumulated sludge receives a significant improvement due to
mineralization and dewatering where the solids content could reach 25-
50%. The mineralization and composting ratio of accumulated sludge
depends on accum_ulation duration, type of raw sludge and solid
loading rate.

Although experience of reed bed system is promising, the following gaps have
been identified: |
¢ The system is weather-dependent and the available experience is
limited to locations in the USA and Europe. No research studies have
been carried out in arid or semi-arid regions, which are expected to
show better results due to warmer and more favourable climatic
conditions than in Europe. ' |

e The available literature describes results not design parameters.
Operational parameters such as HLR, SLR and seasonal variations
vary from one author to another. This makes it difficult to make a ‘ ‘
design for a reed bed system based on available figures.
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e Design of reed beds is empirical and most results are based on certain
climatic conditions. No clear design criteria have been developed to
design reed bed systems.

o It is recommended that: further research is required to investigate the
performance of reed bed technology in other places with different
environmental conditions.

3.4.2 Siudge Disposal
Based on the literature review regarding sludge handling in Egypt, Jordan and
- Tunisia, the following points are addressed:

e Siudge use for agricultural purposes is the most preferred and main

alternative for the use of sludge as a resource of fertilizers. To use
siudge for agricultural purposes, sludge quality must be guaranteed by
use of a well defined control programme for sfudge quality.

In many countries attention is paid to wastéwater reuse and
institutional arrangements are well clariﬁed. Regarding siudge reuse,
the same institutions can handie such issues but there is still a need for
determining the responsibility of the existing institutions with regard to
sludge use in agriculture, |

The socio-economical aspects of sludge use require more
investigation, and each country should study such important factors
with respect to the behavior of farmers and the needs of each country.

Many institutions in Palestine are involved in the water and wastewater
management sector. The current roles of such institutions are not clear.
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o The recently established water and environmental laws outline the

general responsibilities of the Palestinian institutions, mainly the
Palestinian Water Authority and the Environmental Quality Authority.

e The rolés and responsibilities of different Palestinian institutions
regarding sludge handling have yet to be specified and clearly defined.
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CHAPTER 4
The Gaza Strip Sludge Quantity and Quality

4.1 Introduction .

In the Gaza Strip, there is a desperate need for rehabilitation of the current
wastewater collection, treatment, and disposal systems. Treatment systems; if
they exist, are under-designed and reiy on old technologies that have proved
to be unable to solve the existing problems. Partially treated wastewater is
disposed of either into the Mediterranean Sea or by flooding agricultural land,
both of which were banned as a practice in most European countries and in

the United States years ago due to their proven heatth risks for fish, biota and

humans (SOGREAH, 1998).

The siudge management challenges are not currently considered in detail in
Palestine due to the iack of proper treatment systems. However residents of

the Gaz_é Strip will face chatlengeé after the construction of such ongoing and

future projects related to the wastewater management sector in the Gaza

Strip.

Planni'ng' and design of any sludge treatment and disposal system réquires
determining the qu'antity and the composition of existing and future siudge

generated in the area. The author therefore determined the quantity and

quality of exisﬁng and future sludge in the Gaza Strip based on the available
literature, current and planned wastewater treatment systems, present
population data, and future population forecasts for the Gaza Strip. |

4.2 Existing Wastewater Treatment in the Gaza Strip

There are three wastewater treatment plants in operation in the Gaza S{rip:
Jabalia WWTP in the North, Gaza WWTP in Gaza City and Rafah WWTP in
the South. The type of treatment, quantity and final disposal of each plant is
summarized in Table 4.1; note that the WWTP at Beit Lahia is often referred
to as Jabalia WWTP.
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Table 4.1: Existing Treatment plants in the Gaza Strip

Quantity of
Location Treatment method | wastewater treated Final disposal Remarks
mYday '
Beit Lahia | Stabilization ponds | 8,000-1,0000 Surrounding sand | The treatment plant
(Jabalia) and aerated dunes- ) is overloaded, and
| lagoons ' : | poorly managed
Gaza Anagroblc  ponds | 40,000 — 45,000 75% to fhe sea and | The treatment plant |
followed with bio- ' 25% infilttrated to | was rehabilitated In
towers '| the ground aquifer | 1899 to treat a max
' ' design flow of
32,000 m*/day.
Rafah One zerated lagoon | 3,000 - 4,0000 To the sea The plant is
- overloaded, and
poorly managed

Source: Data compiled by author, 2001

In genera'! three existing treatment plants provide only partiai treatment of the
wastewater, Table 4.2 pfésents analyses carried in the Gaza labérat_ory for
both influent and effluent of the three treatment 'pllants. C-onderning organic
matter, Gaza treatment plant achieves more than 90% reinoval of BOD and

COD. The percentage nitrogen removal in all piénts’ is very low and in some

plants there is no difference between influent and effluent concentrations. No
treatment processes are provided for pathogen removal. Sometimes,
numbers of Faecal Coliforms in the effluent are higher than the influent. This
is due to the evaporation from ponds, which increase the concentration.
Septage from unsewered areas is disposed direct into the ponds. The quality

| of the influent does not include septage while in the effluent it does. Facilities
~ have been provided for disinfection of effluents at Gaza, but currently no

treated effluents are disinfected. The facilities at Gaza are not operational
because they have not been maintained. Also, disinfectants are expenéive,
and Israel does not permit import of chiorine-based products.
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Table 4.2: Quality of Inf. & Eff. of wastewater in the Gaza Strip

Parameter Bait Lahia Gaza Rafah
No of No of No of :
Influent | Effluent. Influent | Effluent. influent | Effluent,
Tests Tests Tests
pH 2 7.84 7.2 50 | 7.4.785|7.6783] 2 738 | 748
Q,
Temperature °C } 16.1 15 50 | 14207 | 16-19 2 235 | 222
Set Soldsmgll } 5 TR 42 | 3538 | TROT | 2 13 0.1
5 VT T
o/ 2 1888 | 1480 28 2 2140 | 1610
- 3950 | 1536 _
758 1004 | 505
mgA 2 1471 | 1445 28 : 2 1518 | 1484
2267 | 1503 ,
T8S m . 244- - -
4 2 417 35 40 31-79 2 622 126
- 1693
S5 ol 315-
Tv8S mg 2 370 30 w0 | 24-57 2 | ss0 110
_ - | 1397 |
NO-N - mgl 2 0 0 4 o |16237
j NAsN - mgh 2 | 616 | 548 | 4 | 5170 | 41476 2 88 | 636
TRN-N mgh 1 1027 | 758 | 2 74 | 57 2 1288 | . 88.2
[v] mgh 5 _ 340-400
PO, mgf 2 - 6.899
BOD: Mg . 360-
s Mg 2 420 40 10 | 3541 2 760 240
1800 s
oD m 608-
ot 2 1078 | 120 15 | 114182 | 2 1208 | 556
3100 | _
F.Colitorm 25710° | 3.4510°
2 | aapte® | 83c0® | 10 | XTI 2 ) 25100 | 70
CFUM00mI ) 5x10° | -3x10

Source: Gaza Municipality Lab, 2001 TR: Trace

A monitoring program for wastewater quality was carried out in the Gaza Strip
in July 2001 (UG, 2002). Six different locations around the Gaza Strip were
monitored for one week, and composite samples were taken every 15 minutes

over a 48 hour period consisting of one working day and a holiday. Around

40-50 houses were monitored per area to have the same quantities of flow

during monitoring. The samples were tested for a range of physical, chemical

and microbiological quality parameters. The main concem was assumed to be

associated with heavy metal pollution, but results {see Table 4.3) show that all

samples contained no significant heavy metal concentrations.

Comparing
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Gaza figures with international figures shows that heavy metal average
concentration in wastewater in the Gaza Strip is less than the concentration of
international figures. Heavy metals conceniration in the Gaza wastewater
varies from 4% for Cd up to 34% for Zn compared with international figures.

Table 4.3: Heavy metal concentrations in raw sewage at different locations in
the Gaza Strip

. : Typical®
: o 1 Tel Average Max P .
Parameter Shejaia | Shaboura | Radwan | Jabalia | Remal ‘ international
: Sultan mgfl mgfl
) ‘ figures mgl
Pb (mg/) - 0,00 0.00 0.00 0.14 0.01 0.00 C0.03 0.14 0.1
Fe (mgh) 1.46 178 0.53 . 6.06 2,12 1.45 2.23 8.06
Co(mgh}y | 0.00 0.03 0.13 0.16 0.13 0.08 C.09 0.16
Cu {magh)l 1.35 0.00 000 | 013 [ 000 .00 0.25 1.35 1.0
Hg (mah} 0.02 0.26 0.03 0.28 0.02 0.16 013 .| G.28 X!
| Zn(mgh) | 008 | 0.21 0.03 0.34 .07 127 0.34 127 1.0
Cd (mg/} 0.00 0.01, 0.04 - 013 0.00 0'.03 0.04 0,13 1.0

Source: IUG, 2002
*: Crites & Techobanoglous, 1998

In summary, raw wastewater in the 'Gaza Strip is strong regarding organid
load. The estimated organic load is 45-55 glcld._{SQGREAH,'wsB). Water use
( 10'0‘1/c/d) in the area is low compared with international figures (> 150 l/c/d).
Th_is_ is due to the scarcity of water, its salinity and its high concentration of
nitrates. Water uSe is around 100 l/c/d and approximately 80% of the water
used is returned as wastewater (IUG, 2002). The combination of organic load .
and low water use means that the organic concentration of the wastewater is
high. Wastewater in the Gaza Strip is relatively free of contamination by heavy
metals. This is due to the limited number of industries, and the fact that most
wastewater is from domestic sources. This suggests that the treated
wastewater and siudge could be applied to crops with minimal risk of heavy
metal accumulation.

4.3 Future Wastewater Plans

After the establishment of a Palestinian Authority in 1994, aftention has been
paid to improving environmental conditions in Palestine. New plans were
prepared to construct new wastewater treatment plants. The Palestinian

Chapter 4: The Gaza Strip Sludge Quantity and Quality 58




Authority intends to construct three treatment plants to serve the entire Gaza

Strip. One will be in the Northern Area to serve the northern part of the Gaza
Strip (Jabalia, Beit Lahia and Beit Hanon). A second, and the largest of the
three, will be in the middie to serve Gaza City and the Middle Area of the
Gaza Strip. One more is planned in the south to serve the Khanyounis and
Rafah areas '

The development plans of MOPIC estimates that the standard of tiving in
Palestine will be improved and the Palestinian water demand will raise from
100 /c/d nowadays up to 140 i/c/d by 2010. The estimated wastewater
generation in 2010 is predicted to be 112 l/c/day. This means that 123,535
m®day of wastewater will be generated in the Gaza Strip by the year 2005,
and flows will increase up to approximately 325,968 m®%day by 2025 which is
the end of the design period for the planned treatment plants. Table 4.4
illustrates population foreéasts, water use and wastewater generation in the
Gaza Strip up to .2025. Calculations are based on popUiation estimated from.
MOPIC (1998), water use of 115 i/c/day for the year 2005 and 140 for years
2015 & 2025 where 80% returns as wastewater. o

Table 4.4: wastewater forecast in the Gaza Strip

2005 - 2015 ‘ 2025
Poputation | Wastewater | Population | Wastewater | Population | Wastewater
Area Inhabitants | m¥day | Inhebitants | mYday | Inhabitants | m%day
Northemn Area 108234 18238 258495 28951 318892 35716
Gaza and
_ 694583 63902 1091504 122248 1385860 155218
Middle Area N . ‘
Khan younis ,
449954 41396 937466 104998 1205676 135036
and Rafah
Total 134,277.1 123,635 | 2,287,465 | 256,196 | 2,810,428 | 325,968

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

4.4 Sludge Quantity

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

4.4.1 Current Sludge Quantities

Sludge currently generated in the Gaza Strip is difficult to quantify., No
measurements are taken and there are no previous estimates of sludge
quantities removed from ponds. The sludge produced in Jabalia and Rafah

" treatment plants is kept in the ponds for several years and when desludged, it

is kept in the sand dunes around the treatment plant without any treatment.
Such dispose could potlu{e the groundwafer in the area through increasing the
concentration of Nitrate. In the Gaza treatment plant, 8 sand drying beds were
constructed with a surface area of 430 m? each. Due to the large quantities of
studge and the unsatisfactory operation of drying beds, the siudge is disposed
of in the unused areas of the treatment plant. After partial drying, the siudg'e is
transported to sofid waste 'dum'psites within the Gaza Strip. Due to the high

- cost of transporting and fand filling of dry sludge, it is kept in the treatment

plants where it mixed with sand or fly due to wind intb the adjacent agriculture
areas. E.stimatés suggest that around 400 m® of's!udge— is pro'dué:ed daily in
the Gaza tre_atment plant excluding the quantities accumulated in the ponds,
which is estimated to be 50,000 m*/year from the three treatn&ent plants. The
estimates are based on the measurement taken by the author using flow
measurement and the theoretical calculations carried by the author depending

- on the treatment process, quantity and quality of the influent and the effluent '

of wasteWater, see Appendix C for more details.

4.4.2 Future Sludge Quanﬂtres in the Gaza Strip

The master plan carried in by SOGREAH (1988) for sewerage and storm

water drainage in the Gaza Strip Governorates made estimates for future

population numbers and wastewater generation rates. As described in section .
4.3, according to the master plan, three wastewater treatment plants will serve

the whole population of the Gaza Strip. Table 4.6 presents forecasts for the

population, expected wastewater flows and sludge quantities by year 2025.

The study proposed that oxidation ditches (an extended aeration versioh of

the activated sludge system) would be used for wastewater treatment in all
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three treatment plants with an F/M ratio of 0.1 — 0.2 gram BOD per day per
gram MLSS. The quantity of solids as dry matter was calculated based on the
following formula (Hammer, 1986):

Ms=KxBOD

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

Based on an F/M ratio of 0.15 and according to Hammer (1986), K= 0.38, The
quantities of sludge estimated by the year 2025 is presented in table 4.5

Table 4.5: Wastewater and sludge quantities in the Gaza Strip by 2025

: Gaza and KhanYounis
Northern Area ) _ ' Total
Middle Area and Rafah :

7 Popuiation 318,892 1,385,860 1,205,676 2,810,428
Wastewater m-/d 35,716 155,216 135,036 | 325,068
Sludge :

. 8,107 26,542 23,091 55,740
kg dry solids/day : '

-Source: Author calculations based on SOGREAH population forecast (1998)

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

4.5 Siudge Composition _ ,

The sludge résuit'mg from wastewater treatment p!arits is usually in the form of
a liquid or semi-solid liquid that typically contains from 0.25 to 12 percent
solids by weight (Metcalf & Eddy, 1991). The solid phase consists principally of
organic matter, derived from human, animal and food wastes. Other
constituents are trace contaminants (metals and persistent organic
compounds) mainly from industrial waste and bacteria, some of which may be
pathogenic. Nutrients like nitrogen, phosphorus, potassium and some trace
metals are present in sludge and the nutrient content of sludge makes it
potentially useful as a fertilizer.
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The characteristics and amounts of sludge generated depend on the
characteristics of the raw wastewater and the treatment plant process. Siudge
can contain not only organic and inorganic matter, but also bacteria and
viruses, oil and grease, nutrients such as nitrogen and phosphorus, and
heavy metals (Metcalf & Eddy, 1991).

Of the constituents removed from wastewater by treatment, sludge is by far
the largest in volume, and it's processing and disposal is perhaps the most
complex problem facing the engineer in the field of wastewater treatment
(Metcalf'& Eddy, 1991). Table 4.6 illustrates typical chemical compoSition and
properties of untreated and digested sludge.-

Table 4.6: Typical éhemical composition and propertié.s of untreated and

digested sludge
_ . Untreated primary sludge Digested primary sludge | Activated
ltem ' sludge
Range Typical Range Typical
) ) : o . range
Total dry solids (TS), % 2.0-8.0 5.0 8.0-12.0 10.0 0.83-1.16
Volatite solids (% of TS) 80-8- - 65 30-80 40 59-88
Protain (% of TS) 20-30 25 15-20 18 32-41
Nitrogen (N, % of TS} : 1.5-4 25 1.6-6.0 30 2.4-50
Phosphorus (P0s, % of | 528 16 1540 | 25 2.8-11.0
TS) '
Potash (Kz0O, % of TS) 0-1 04 0.0-3.0 1.0 0.5-0.7
- Cellutose (Y% of TS) 8.0-15.0 10.0 - 8.0-15.0 100
Iron { not as sulphide) 2.0-4.0 25 "3.0-8.0 4.0
Silica {8i0z2, % of TS) 15.0-20.0 10.0-20.0
pH 50-8.0 6.0 6.5-7.5 7.0 6580
Alkalinity (mg/i as 500-1,500 600 2,500-3,500 3000 580-1,100
CaC03) . .

Source: Metcalf & Eddy, 1991

4.6 Composition of Sludge from the Gaza Strip

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

Attention has only recently (since 1986) been paid to sludge quality in the
Gaza Strip. Praviously, the concemn of Palestinians was concentrated on how
to dispose of the sludge from treatment plants. First analyses of sludge
composition were carried out in 1998 within the framework of the project
“Feasibiﬁty Study and master pian for Khanyounis Sewerage System" (Pacific
Consult, 1996). Samples-of 'sludge accumulated in both Gaza and Rafah
treatment plants were collected and analysed to establish their physical and
chemical composition. A summary of the results is shown in Table 4.7.

Table 4.7: Quality of sludge in Gaza & Rafah Treatment Plants

Location Rafah Wastewater Treatment plant . Gaza Wastewater treatment Plant
ltem Sample Sample Sample Sam_ple Sample Sample
| c-1 c-2 - ca C4 C5 c-6
BODS,mgh 9861 4243 6711 6858 11022 10135
coD mgh 76656 7278 13176 27300 26014 | 381107
TNl 3192 2104 338 8 2118 3455 5074
T-P, mghi 124 175 798 215 268 28
Specific Gravity kgl | 1.479 1372 1.249 1.149 152 1.263
Water Content% 303 239 | 272 241 52.0 721
Voltle Solids, se8700 | 720 | iara40 | 143006 | 258800 | 641282
mg/kg dry basis : '
Potassium (K), mgl | 211.30 1347 | 1455 92.60 11447 | 187.70
Copper (Cu) mghi | 26.52 307 15.32 1167 | 1855 15,90
Zine (Zn), mgh 10867 | 37.50 1.12 63.90 73.92 186.77
;::m“m (ca). 0.03 0.00 0 o 0 0
Lead (Fb), Mg 1137 5.05 552 822 10.75 15.40
Iron (Fe),mgi 7805.8 18708 | 251660 | 11846 | 132543 | 12819
Manganese (Mn), 20.37 19.97 1455 10.87 8.55 20.17
mg/t
Total Chromium 12.82 2.82 8.82 2.70 2.75 6.57
(Cr),mgn
Arsenic(As),mgN 0.00 0 i 0 5 0
Mercury (Ho).mol 0.00 0 3 0 0

Source: Pacific Consult (19956)
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The analyses show that sludge is almost free of heavy metals and rich in
nutrients such as nitrogen and phosphorus. Compared with international
figures (see Table 4.8), sludge in the Gaza Strip is almost free from heavy
metals; this is due to the limited industrial activities in the area.

Tabie 4.8: Heavy mefal concehtration in sludge mg/kg in
international figures and the Gaza Strip

'| Constituent Typical EPA Gaza Strip*

B International | median

Arsenic 10 : 10 0

Boron 33

Cadmium 16 10 0.006

Cabalt 4 30

Chromium 890 . 500

Copper 850 800 18.7

Mercury 5 6. 0

Manganese . 260 260 19.4

Molybdenum | 30 4

Nickel ' 82 80

Lead 500 500 116

Zinc - 1740 1700 114.9

Source: Crites & Techobanoglous (1998}
*: The Author calculations based on table 4.7

4.7 Conclusions

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

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

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

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

4.8 Recdmmen-dations _

it is recommended that practical steps towards sludge man'agement need to
be started. Any management plan has fo take into consideration the potential
of sludge to be used as a soil fertilizer. ]
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CHAPTER S
Standards and Guidelines of Sludge Use for
Land Application

5.1 Introduction

Handling and disposal of sludge in Palestine, as eisewhere, needs to be in
accordance with standards and guidelines to protect the environment and
health from possible accident or disaster due to mishandling of such material.
Many international and regional countries had established their own standards

‘and guidelines for sludge application for agriculture purposes. The Palestinian

Environmental Quality Authority (EQA) is in the process of establishing
Palestinian standards taking into consideration the Palestinian needs.

In this chapter, the author discusses the impacts on health, soil and the
environment of land application of sludge, and the standards and regulations
adopted by regional and international countries, which apply sludge for
ag'riculture‘ purposes. Finally, the Palestinian draft standards are presented
and discussed, tdgether with conclusions and recommendations.

5.2 Potential Problems with Land Application of Sewage Sludge
Application of sludge as a fertilizer on agricultural land, could potentially cause

- many environmental and health problems to soil, water, piants‘and human.

The following points present the possible impacts of sludge application in
agriculture.

Disease-Causing Organisms (Pathogens)

Raw sludge could be contaminated with various pathogenic organisms such
as bacteria and viruses. Only treated (stabilized) sludge with few or no
disease-causing organisms should be applied to land.

Water Quality
Sludge could be a source of groundwater and surface water contamination.
Excess nitrogen and potassium applied as plant nutrients have a tendency to
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seep into groundwater, and excess phosphorus and nitrogen may flow into
surface water supplies with eroded sediment (Muse et al,, 1991).

Nuisances: Insects and Odours

Fresh sludge smells unpleasant and attracts insects, which may create
nuisance, and may spread péthogens from sludge to food. Sludge treatment
greatly reduces odours. Instead of the familiar smell of raw sewage, treafed
sludge has neither the odour nor insect problems usually associated with raw

sewage.

Heavy Metals

Sludge could contain heavy metals such as cadmium, zinc, nickel, copper,
chromium, fead,  and mercury. Heavy metals accumulated in plants and
animals. Some heavy metals, including zinc and copper, are micronutrients
thét'are necessary for plant growth. Exce_ssivé amounts of some heavy metals
(zinc, copper, nickel, etc.) can be damaging to plants, resulting in reduced
yield or even plant death (Muse et af, 1991). Table 5.1 shows possible sludge
~ contaminants and the_ potential concern of each-contaminant.. |

Table 5.1: Contaminants and potential concern in sludge

Contaminant Potential Concern

Pathogens: bacteria and
virus digeases

Human health

Nitrat Applying in excess of plant needs; excess application entering
itrates
groundwater '

Copper, Zinc, and Nickel | Accumulation in topseil; toxic to plants at high levels

Accumulation in topsoil; taken up by plant and accumulates in

Cadmium . L
_ leafy material; accumuiates in animal organs; human health

Lead Accumulation in topsoii: Potentially harmful if excessive
ea -
amounts are ingested with soil particies by animals

Mercury, Chromium, _
Selenium, Arsenic, and | Little concern unless present in extremely high amounts
Antimony '

Source: (Muse et al.,, 1991)
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5.3 Benefits of Sludge Applied to Land

Sludge contains many constituents such as organic matter and nutrients,
which improve soil and are necessary for plant growth. Wastewater siudge
can be used as an alternative to animal manure as a fertilizer. Table 5.2
provides a comparison of the chemical compositions of sewage sludge and.

animal manure.

Tabie 5.2: Chemical composition of sewage sludge and animal manure

] Animal Manure® | Sewage Sludge Sewage

Constituent (Unit) , )
Range Range Sludge Typical

Nitrogen {% dry Weight) 1.7-7.8 <0.1-17.6" 3.0
Total Phosphorus (% dry weight) 0.3-23 - <0.1-14.3 1.5
Total Sulphur {% dry weight) 026-068 | 06-15 10
Calcium (% dry weight) 03-8.4 04-25 40
Magnesium (% dry weight) 0.29-0.63 0.03-2.0° 0.4
Potassium {% dry weight) _ 08-48 002-26° 03
Sodium (% dry weight) 0.07 -0.85 0.001 - 3.1° -
Aluminium (% dry weight) 0.03 - 0.09 0.1 -13.5° 0.5
Ivon (% dry welght) 0.02-0.13 <0.1-153° 17
Zinc (mg/kg dry weight) 56 - 215 101 -27 800° 1200
Copper (mg/kg dry weight) 16 - 105 6.8 ~3120° - 750
Manganese (mg/kg dry weight) 23333 18 - 7,100° 250
Boron (mo/kg dry weight) 20143 4757 25
Molybdenum (mg/kg dry weight) 214 2-976° 10
Cobalt (mg/kg dry weight) 1 1-18° 10
Arsenic (mg/kg dry weight) 12 - 31 0.3-316° 10
Barium (mg/kg dry weight) 26 - 21-8,980° -

®  Data summarized from Azevado and Stout, 1974

b

c

Date summarized from Dowdy et al., 1976

Data summarized from Azevado Kuchenrither and Carr, 1991

Source: (Dessau-Soprin, 1999)

The composition of both animal manure and sewage sludge is variable
depending on a number of factors. For animal manure factors could includes
the type of animal énd the diet. For sewage sludge, eating habits, treatment
methods and the nature of local industries are significant. As can be seen
from Table 5.2, sludge has higher metal contents for all constituents except
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for potassium. In the Gaza Strip, there is little industry, and sludge is mostly
free of heavy metals. This makes sludge more favourable than animal manure
for use as a fertilizer if treated weil.

5.4 Regional and International Sludge Standards and Guidelines

Finding ways to reuse sewage sludge is an interesting avenue to pursue.
Sludlge from both water treatment and wastewater treatment can be used as a
fertilizer subject to suitable treatment and management. Sludges can also be
used to improve soils that are very sandy or have a low organic matter

content.

The author reviewed the standards and guidelines for land application of -
sludge adopted by regional countries as Egypt, Iél_'aei and Jordan. Also
International standards are reviewed and analysed to make a comparison
between regional and international standards.

5.4.1 Regional Standards |

The neighbouring countries (Egypt, Israel, Jordan) have established some
regulations and guidelines for siudge application. Table 5.3 summarizes the
standards of Egypt, Jordan and Israel. Gaps in the table are because the
author did not find some values within the Jordan and Israel standards.

The Egyptian standards pay attention to the physical quality of siudge in terms
of its density, moisture content, organic matter and nitrogen content. The
- standards for ali three countries consider the concentration of heavy metals
and stipulate limitations for heavy metal concenirations as percentage of dry -
weight.
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Table 5.3: Egyptian, Jordanian and Israeli Standards for Sludge use in

agriculture, heavy metais are cafculated as mg/kg dry matter

Parameters Egyptian Israeli
Jordan

Organic matter >40%

NaCl <5%

Total nitrogen >2%

Density >400kg/m3

% Dried Solids >30%.

Fe 1.61% 0.58-2.8

Cu 205-375 4300 1000

Ni - 130-240 420 200

n 1200-1550 7500 7500

As 1.45-2.47 75 247

Hg | 3-4 57 5

Cd 20 85 20

Cr 1 1000 3000 700

Pb | 250-275I 840 300

Se - - 100 30

Mo 10 75 10

Souyrce: OTU, 1898 and EQA, 2003

5.4.2 Sludge Application in Europe

Sewage sludge application to land in EU countries is governed by Council
Directive No. 86/278/EEC (Council of the European Communities 1986)
(Pescod, 1992). This Directive prevents use of siudge in agricuiture unless

specified requirements are satisfled, including sludge and soil testing.

Parameters subject to the provisions of the Directive include the following:
- Dry fﬁat_‘zer (%)' | )

- Organic matter (% dry solids)

- Copper (mg/kg dry solids)

- Nickel (mg/kg dry solids)

- pH

- Nitrogen, total and ammoniacal (% dry solids)

- Phosphorus, total (% dry solids)

- Zinc (mgfkg dry solids)
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- Cadmium (mg/kg dry solids)
- Lead (mg/kg dry solids)

- Mercury (mg/kg dry solids) |

- Chromium (mg/kg dry solids)

‘Sludge has to be tested for the Directive parameters once every 6 months and
at any time that significant changes occur in the freated sludge quality (Pescod,
1992).
86/278/EEC, some EU countries have their own national standards which are

Beside the general standard finalised by the Council Directive No.

sometimes more demanding than the general standards. Table 5.4 illustrates
the standards of EU and some European countries for heavy metal
concentrations in sludge for land application.

5.4: Maximum Content of Metallic Trace Elements for treated Sludge for Land
Application in Europe and USA (mg/kg dried solids)

Parameter USA [ France | Germany EU Holland Switzerland
cd 85 18 20 10 10 25
Cr 3000 200 120Q 1000 500 500
Cu 4300 1500 1200 1000 500 3000
Hg 57 8 25 10 10 25
Ni 420 100 200 300 100 -
Pb 840 300 1200 750 500 1000
Se 100 - - - - -
Zn 7500 3000 3000 2500 2000 10000
As 75 - - - - -
Mn - 500 - - - -
Mo 75 - - - - -

) - . - - - .

Source: (EQA, 2003)

It can be seen that in general, EU maximum concentrations regarding heavy
metals are stricter than maximum concentrations for the USA. Greatest
attention is paid to Cd, Cr, Cu, Hg, Ni, Pb and Zn.

European countries pay great attention to the biological quality of sludge
because of the potential direct health impact. Tables 5.5, 5.8 summarize
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maximum numbers of pathogens in sludge from some European countries
and the USA.

Table 5.5: European Limits Values for Pathogens Concentration in Biosolids

Country Salmonella - ‘ Other Pathogens
France 8 MPN/ 10 g of DM Enterovirus: SMPCN/10 g of DM
Heiminths eggs: 3/10 g of DM
ltaly 1,000 MPN/g of DM
Luxembourg Enterobacteria: 100/g
No egg of worm likely to be contagious
Poland Biosolids can not be used Parésites: 10/g of DM

in agriculture if it contains
Salmonelia.

DM: dry matter
MPN: most probable number
MPCN: most probable cytophatic number

Source: EU, 2001 {adapted)

Table 5.6: Pathogenic limits for sludge use in agriculture

Pathogenic Concentration
Shigefla (MPN) = - 1X10°Ig
Salmonella (MPN) |'<3/4g DM
Helminth eggs ' < 1 egg/4g DM
Viruses/ enteroviruses < 1/4g DM

Source: Information in this table has been compiled from:
. (USEPA ,1992b; USEPA ,1992c; Pescod, 1992)

5.5 Palestinian Standards and Guidelines

The Palestinién Environment Quality Authority has established a committee to
draft certain standards for sfudge reuse. The committee consists of many
Palestinian institutions mainly: '

Ministry of Agriculture

Ministry of Health

Palestinian Water Authority

Palestinian Universities

Ministry of Trade, Industry and Economy

o ok owN o

Gaza Municipality
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7. Industrial Cities Authority
8. Palestinian Standards Authority

The committee is headed and hosted by the Environmental Quality Authority.
The purpose of the committee is o establish Palestinian standards concerning
sludge use for land application and land filling. The committee had conversed
many meetings and made a lot of progress regarding general guidelines and
maximum concentrations of heavy metal. Draft guidelines for biological quality
are being prepared. The next target of the committee is to determine
guidelines for physical quality and nutrient concentration.

5.5.1 Palestinian General Conditions of Applying Slddge in Agriculture

Land o

The committee which has been established by the EQA (Jan., 2003) drafted

the general conditions regarding sludge use in agricultural purposes, these

conditions are not published and are summarized below:

1. The use of untreated sludge in agriculture is prohibited.

- 2. Certificate stating the source of fhe product and providing details of
composition and quality has to be provided for treated s.lu'dge to be used in
agriculture.

3. Protection to labourers, farmers and consumers has to be provided by
infofming them of the dangers associated with the unsafe use of sludge
when applied as a fertilizer.

4, Treatrhent, selling or storage of sludge intended for agricultural purposes
require a permit issued by the supervising institutions (possibly the PWA).

5. Treated sludge can be used as a soil conditioner for land that has not been
used for agriculturat purposes. _

6. Sludge has to be applied once a year with a maximum of one tonne (dry
matter) per dunum and the nitrogen content shall not be more than 30 kg
pure nitrogen per dunum.

7. Sludge can be used when land is under preparation for planting productive
trees and field crops.

8. Sludge can be used as an organic fertilizer for crops which will be
thermaliy treated or dried (as seeds) before human consumption.
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9. Sludge can be used as an organic fertilizer for field crops which will be
harvested and dried naturally before use as animal feed.

10.Using sludge as a fertilizer on land used for growing vegetables or home
flowers is forbidden.

11.Sludge is prohibited from use for land cultivated with productive trees, with
vegetables planted between the trees. ‘

12.Sludge is forbidden from use as a fertilizer for domestic gardens, and for
recreational and open areas used by residents.

'13.The possible environmental impacts, including the possibility of water body

contamination, are to be considered when sludge is applied. The distance
of land to be fertilized by sludge'from a Wadi, surface water and water-
harvesting projects has to be considered.

5.5.2 Measurable Conditions A
According to the drafted and unpublished guidefines (£qa, 2003), the following
measurable conditions have -to be satisﬁéd in treated sludge used for
agricultural purposes in Palestine. | |

1. The maximum concentrations of heavy metals in treated sludge have to be
within the limits shown in Table 5.7. |

2. The concentrations of nutrients in treated siudge used in agricultural land
have to be within the limits spediﬂed (maximum concentrations have yet to
be agreed). '

3. The maximum concentrations of biological contaminants in treated ‘sludge ~
have td be within the limits specified (maximum concentrations have yet to
be agreed). _

4. Treated sludge intended to be used for agricultural purposes has to bs
examined by the producer once every six months to determine chemical,
physical and bioclegical characteristics including nutrient properties,
chemical characteristics, and biological contaminants.

5. The tested sample has to be a composition sample, from 25 collected
samples, mixed together until homogensous. The test also has to be
according to the book “Standard Methods for Examination of Water and
Wastewater” in a certified laboratory recognised by the Environmental
Quality Authority, and the producer will pay the costs for analysis.
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6. The Environmental Quality Authority should be provided with a copy of the : ‘
est results. |
7. Sludge with heavy metal concentrations of 20% more than those permitted |
by Table 5.7 must be disposed of safely with the approval of the
concerned institutions.
8. The applied s'ludge quantities added to soil per year are calculated'
according to the minimum chemical element concentration based on the
folloWing'formu!a, which can be applied to individual elements and
compounds

R84 = oo
ECiSx0.001

Where;
RS4 = Rate of sludge applied yearly (tonne/Hectare/365 days)
AER = Added elements rate (kg/hectare/365 days)

ECiS = Elements concentration in sludge (mg/kg dry matter)

Table 5.7: Maximum Content of Metallic Trace Elements for treated Sludge for

AER |
Land Application in Palestine (mg/kg dried solids)

Parameter Max. Concentration

cd 10

Cr 500

Cu 1000

Hg 5

Ni - 200

Fb ' 300

Se 30

Zn 2500
As 2 :
Mn -
Mo 10
® :

Source: EQA, 2003 | i
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5.5.3 Methods of Using Treated Sludge

In accordance with the drafted guidelines (EQA, 2003), treated sludge can be
added to ploughed iand directly using the following methods appropriate to
the type of crop and cuitivation method.

Field Crops: treated sludge can be applied to the soil surface then mixed with
soil by ploughing until the sludge is buried under the soil surface.

Trees: Two or three holes can be dug close to trees. The holes can then be
filled with sludge and covered with soil.

Agriculture in trenches: Trenches can be dug close and parallel to
agricultural trenches. The new trenches can then be filled with sludge and
covered with soil.

In all cases, it is required to consider all safety conditions to protect labourers
when handling sludge and while applying sludge to soil. This is done by
providing them with gloves and shoes to prevént any direct contact between
“sludge and their bodies. |

Table 5.8 illustrates the type of crops cultivated in Palestine based on
‘possibility of using or not using sludge as soil fertilizer. |

Table 5.8: Field crops, vegetables and fruits in Palestine

Field Crops™* Vegetables* _ Fruits**
| wheat- barley- watermelon- muskmelon- strawberry- -olive- citrus-palm-
corn-clover-lentil- | cucumber- parsiey- rocket- jew's mallow- almonds- guava-
sesame-chick tomato- lettuce- potatoes- pepper- eggplant- banana-apple- pear-
pea' calabash- carrot- cabbage- caulifiower- turnip- | mango-grapes*
radish- chard- spinach- onion- garfic- faro-
green pea- kidney bean- favo bean- cowpea.

Source: EQA, 2003
*: sludge should not be used
**: sludge can be used
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' Chapter 5: Standards and Guidelines of Sludge Use for Land Application

Sludge is prohibited from use for grapes if vines are grown traditionally, with

low support so that the fruits may come into contact with the ground. If higher
supports are provided, preventing possible contact between grapes and
ground, sludge may be used.

5.6 Conclusions

Sludge application as a soil fertilizer is promoted by many countries, both
regionally (Middle East) and internationally. Reuse of sludge is prohibited
unless the sludge quality satisfies requirements to protect the environment
and humans. Most standards in the documents reviewed are very similar
regarding heavy metal cdncentrations. nutrients, and physical and chemical
quality of sludge. |

Palestinian Standards do not specify the _tréatment method for wastewater

, sludge and the final qua!i'ty of the-'sludg_é after treatment is the most important
- factor determining whether sludge can be used for land application.

The Palestinian standards are based on regional and international standards,

and take into consideration the specific local Palestinian circumstances and
needs mainly in focussing on the types of crops to be fertilizered by treated
sludge and determining the application quantity and the periods between
applications' of sludge. | |

The Palestinian draft guidelines consider how farmers can apply sludge and
specify conditions requires for sludge application,

Standards concerning biological quality and nutrient limits have not been
drafted yet. The author recommends that the Egyptian standards should be
adopted as draft limits, in the absence of other values used in the Middle East
region.




CHAPTER 6
Agricultural Land Use and Fertilizer

Application in the Gaza Strip

'-6.1 Introduction
The Gaza Strip is one of the most densely populated areas in the world.
Agricultural land comprises nearly 50% of the total area (365 km?) of the Gaza
Strip (MOPIC, 1997). Quantities of organic fertilizer produced within the Gaza
Strip are limited, and Palestinian farmers therefore have to import fertilizer.
One of the aims of wastewater sludg'e‘ treatment is to use siudge as an
agricultural fertilizer.

In this chapter, the author investigated the areas of land available for
agricultural purposes in the Gaza Strip and the size of each crop that is
cuitivated_ there. The quantity of fertilizer required and the application times
are determined based on the crop type and area pultivated. |

6.2 Land Use

The total area of the Gaza Strip is around 365 kmZ. Palestinian residential
areas comprise 32% of the total area, while Palestinian agricultural land is
over 48.5% (MOPIC, 1997). lsraeli settlements occupy around 15.6% of the land
area. Table 6.1 summarises areas of land for different uses.

Note that 1 dunum = 1000 m?. |

Table 6.1: Land Use in the Gaza Strip

Type of Use’ i Areain dunums | Areain %

Cities, Villages, Aresidential area 117,000 32

Israeli settiements and “yellow area” (agricuiture

land around settiements administered by Israglis). 57,000 156

Main and secondary roads 5,000 1.4

Agricuttural land - 170,000 48.5

Reserved area for future plans 16,000 4.5

Total . 365,000 100

Source: (MOPIC, 1287)
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The Israeli settlements were constructed on agricultural land, previously
farmed by Palestinian farmers. This means that if or when these settlements
are evacuated and the land is returned to agricultural production, the total
agricultural area of the Gaza Strip will be 227,000 dunums instead of the
present 170,000 dunums.

Within the Gaza Strip many types of fruits, vegetables and other plants are
cultivated. For some vegetables, the farmers use greenhouses, which means
that more than one crop can be raised each year. The Ministry of Agriculture
(MoA) compiles yearly statistics for the crops and areas under cultivation in
each district in the area. Table 6.2 summarizes recent data about the
agricultural land use for the main crops.

| Table 6.2: Agricultural fand areas in the Gaza Strip in Dunums

Crop type North | Gaza Middle Khan Rafah Tota!
~ area ~ Area | younis ‘

| Citrus 11847 11950 . 5917 - 855 1400 32070
Olive 1022 9500 5400 | 7920 | 3050 | 26892
Date Paim 0 150 1650 645 180 2635
Almonds 37 150 1000 1665 1650 4502
Guava 330 0 500 3170 500 4500
Grapas 400 2600 - 934 4 20 3958
Qther fruits 621 600 88 158 360 1827
Vegetables in 1029 531 3338 34581 6584 14973
green houses |
Vegetables 4498 5805 6769 5302 83515 30815.5
Strawberries 1611 0 0 24 31 1666
Field Crops’ 4605 4010 5530 28970 9850 . 52985 -
(cereals)
Total 26000 35386 31126 52304 31087 176833

Source: Ministry of Agriculture, 2001

From table 6.2 it can be seen that field crops (cereals) occupy the greatest
area of land, with nearly 53,000 dunums under cultivation. Other major crops
are citrus fruits (approx. 32,000 dunums), vegetables (approx. 31,000
dunums), olives (approx. 27,000 dunums) and green houses vegetables

Chapter 6: Agriculture Land Use and Fertilizer Application in the Gaza Strip 79




(approx. 15,000 dunums). Less than 5,000 dunums is used for cultivation of
each of the other crops grown within the Gaza Strip.

6.3 Use of Organic Fertilizers

Both organic and chemical fertilizers are used in the Gaza Strip. Farmers may
apply each type of fertilizer to their crops. Orgahic fertilizers are used most
extensively because they are cheaper and more easily available than
chemical fertilizers, and because they release nutrients gfadﬁall-y over a long
period. Chemicatl fertilizers are used as sUppIements, when possible, but they
are not so easily available. |

in the Gaza Strip organic fertilizers are 'extens'tvely' used on agricUltur'al land.
Some of these fertilizers are produced Iocally, while the majority are imported
from out31de the Gaza Strlp For trees, the farmers apply orgamc fertilizers
once every three years or, if possible, once every two years. For vegetables
and field crops, the-' fertilizers are applied for each growing season. The
amount of organic fertilizer u.sed’fot the various crops and app}icat}én periods
and frequencies are summarised in Table 6.3. Most of organic fertilizers are
required in the periods of 'Se_ptembef until November each y‘é‘ar.

Table 6.3: Organic fertilizers applied rate and time in the Gaza Strip

| Crop type Application | - Application period Application frequency
| rate m*/dunum '
Citrus 10 September to.November | Once every three years
Olive 7 September to November | Once every three years
Almonds h 6 September to November | Once every three years
Guava ' 8 - | September to November Once eveky three years
Grapés 5-6 October Once every three years
Vegetzbles in ;
. 8-10 August to September Each growing season
green houses _
Vegetables 5-8 April to May Yearly
Strawberries 6 August Yearly
Field Crops 6 October Yearly

Source: Ministry of Agriculture (2001)
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6.4 Quantities of Organic Fertilizer Required .
The amount of organic fertilizers applied in agricultural areas in the Gaza Strip
can be calculated based on the cultivated area, quantity of fertilizers required

and application frequency, see Table 6.4.

Table 6.4: Organic Fertilizers applied in the Gaza Strip per Year

Croptype . | Cultivated area " Fertilizer Number of years |  Amount of
‘ {Dunum) | application rate between fertilizer m*/year
" m¥dunum ap_piications o
Citrus 32070 10 3 106900
Ofive 26892 7" 3 62748
Date Palm 2635 0 0 0
Almonds 4502 6 3 9004
Guava 4500 8 3 12000
Grapes 3958 5 3 6597
 [Otfer fruits 1827 5 3 3045
Vegetables In 14973 9 1 134757
1greenhouses : oo
Vegetables 308155 1 184893
Strawbarries 1666 1 9996
Field Crops 52965 1 264825
Total 176803.8 794765

‘Source: Author's calculations based on MoA figures

The amount of organic fertilizer required in the Gaza Strip is currently arouhd
795,500 m® per year. This huge amount of -' organic fertilizer cannot be
supplied locally and the majority has been imported. According to Palestinian
figures, 91.5% (728,000 m®/year) of required organic fertilizers are irhpoﬁed.

Several farmers in fhe Gaza Strip produce a limited amount of organic
fertilizer daily. The main sources are animals (cows and sheep) and pou-itry.
According to estimates made by the Agriculture Relief Association in the Gaza
Strip (2002), 85 tonnes of organic fertilizers are produced daily. This is
equivalent to a volume of 183 m%day, or 66,800 m%year. The quantity of
organic fertilizer produced locally covers only 8.5% of local needs, and the
rest (91.5%) has to be imported.
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The cost of one cubic meter of organic fertilizer is typically around 10 JD (14
US §) based on information supplied by farmers (see chapter 7). This means
that in fhe Gaza Strip around 10,200,000 US § may be spent annually for
organic fertilizer. This does not include the costs of importing chemical
fertilizers, which are used in addition, but not as an alternative, to organic
fertilizers. |

The calculated figure of 795,000 m®year is based on recommended fertilizer
~ application rates and frequencies. As has already been mentioned, farmers
apply fertilizer to fruit trees every three years or, if possible, every two years.
The demand for fertilizer is not always met for various reasons, and the
quanttty of fert:hzers imported is generally less than the demand f"gure of
728,000 m®/year. Current demand may not therefore be comp!ete!y satlsf ed.
Chapter 7 considers issues of fertilizer availability in more detail.

6.5 Conclusion and Recommendations
The Gaza Strip is the main producer of vegetab!es citrus fruzts and other fruits
for Palestinians living in the West Bank and Gaza Strip. Olive production is
mainly for the local market within the Gaza Strip. Crops grown in the Gaza
Strip are also exported to Israel and Europe The total cultivated land in the
Gaza Strip is 177,000 dunums. which reqmres 795,000 m® of organlc fertilizer
per year. The local production of organic fertilizer in the Gaza Strip is 66,800
m®/year, which is oniy 8.5% of the required quantities. This means that -
farmers have to ‘import 728,_000 m? of organic fertilizer per year. This costs
around 10,200,000 US § per year.

The demand for organic fertilizer is not constant through the year. Local
fertilizers are used quickly, and imported fertilizers are generally bought when
they are needed. The greatest demand for fertilizers is between September
and November when fertilizers are applied to land used for growing trees
(citrus, olive, etc.) and field crops (cereals). Fertilizer is also needed in smaller
quantities in April and May for cultivation of vegetables.
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Production of organic fertilizers in the Gaza Strip currently supplies less than
10% of demand. Currently most of the demand for organic fertilizers is met by
imports, which are expensive. Sludge from wastewater treatment could
provide an attractive alternative to imported organic fertilizers. Sludge would
reduce the amount of fertilizers imported.

Staffs who manage sludge treatment would have to take into consideration
the fertilizer applicatioh periods if it is intended to use sludge as fertilizer. The
traditional siudge treatment syste'ms such as smd'ge mechanical dewatering,
sand drying beds, etc. produce slud‘gé regularly, which means that sludge has
to be stored for months. Reed bed systems could be an attractlve option as
reed beds provide storage inside the bed for years and there is no need for
sludge storage places
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CHAPTER 7
Farmers' Attitudes to Sludge Use
7.1 Introduction

The farmers in the Gaza Strip use a significant amount of organic fertilizers
yearly (794,765 m®) in addition to chemical fertilizers to improve their

- agriculture products. Much of organic fertilizers are imported from outside, to

supplement what is produced tocally (8.5%) in the form of animal manure from
farming. Farmers distribute organic fertilizer manually without using‘ any
mechanical equipment, which means that they have direct contact with
fertilizers that could impact their health if fertilizers are contaminated. Site
investigation shows that there is no clear information about the source and
quality of imported organic fertilizers, but the basis for its use is its impact on
the product as the farmers main priority is crop production,

Due to the shortage and high cost of imported fertilizer, some farmers in Gaza
use partially treated sludge although it still iliegal to use it in the area. Using

treated sludge as an alternative competing with existing sources requires -

knowing the attitudes of farmers to acceptance and their willingness to use

treated sludge.

As the previous experience is limited to just less than 1% of farmers who have -

used the sludge, the author scught to understand the attitudes of farmers and
prepared a questionnaire for farmers to know their accepiance and
willingness to use produced siudge.

This chapter presents the aim, the form of the questionnaire and the findings
beside the recommendation of the author,

Chapter 7: Farmers' Attitudes to Sludge Use 84




7.2 Questionnaire Aim

The questionnaires aimed to investigate the source and cost of existing
organic fertilizers, the farmer's aftitudes to use treated sludge, and the
willingness of farmers to pay for such product.

7.3 Questionnaire Structure .

The questionnaire consisted of eleven questions (see Appendix B) and was

divided into six different categories. ,

1. The first category is related to land size owned by farmer, type of
cultivation, and period of fertilizer application.

2. The second asked about the source, cost and satisfaction of available
fertilizers. | | | |

3. The third is related to the expenence with sludge use and attitudes to the
acceptability of sludge use. _

4. The fourth is about acceptance of treated sludge for use.

5. The fifth is related to w&lhngness to pay for treated sludge compare with
available sources of fertmzers _

6. The sixth discusses the awareness of farmers regarding the effecf on the
environment of using sludge. | ' '

7.4 Results and Discussion

The following section presents the results and discussion of the questionnaire.
The discussion is based on the obtained results from the questionnaire and.
the data collected from other resources.

7.4.1 A'gricix!tural Land Use,

Thers are considerable variations in the area of land that farmers own in the
Gaza Strip. Some farmers own less than 5 dunums, while others own land
with more than 50 dunums. In the study sample, the author divided the
farmers according to their iand-ownership as shown in Table 7.1. 27% of
those covered by the survey sample owned land having an area less than 10
dunums, 55% having an area between 10-30 dunums while only 18% having
an area of more than 30 dunums. The author considers that within the Gaza
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Strip farms of less than 10 dunums are small, farms between 10-30 dunums
are medium and farms with more than 30 dunums are big farms.

Table 7.1: Farm sizes of the farmers included in the survey

Area Farm Size
<5 5-10 10-20 20-30 =30
{dunums) ' _ Total
No. of farmers 18 20 50 26 25 139
Big
‘| Farm size Smali farms Medium farms farms
Percent 27 55 18 100

Regarding the type of crops, the author divided the crops into six types based
on his knowledgé of cultivation in the area. The main crops are citrus, olives,
almonds, guava, vegetables in green houses, and vegetables grown
outdoors, see Figure 7.1. Vegetables are present in more than 30% of total
land sampled wh.ilé guava is present in less than 5%. Comparing areas of
land for the same sample with the whole cultivated area in the Gaza Strip
shows that the area of land given over to individual crops, expressed as a
pércentage of the land area for that crop within the Gaza Strip, varies from
1.16% for citrus to 5.95% for almonds, see Table 7.2. This unequal
distribution is due to the sampling distribution. The author did not include
farmers from Gaza city in the survey, where citrus is the largest cultivated

Figure 7.1: Percentage of land area for growing
different crops
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crop although questionnaires were distributed in Gaza city, no responses

were returned due to the existing politicat situation. A lot of questionnaires

were from Deir E! Balah where green houses are used in large scale.

Table_- 7.2: Cultivated areas for differe‘nt crops

, . Green
Type of Crop Citrus - Qiive - Almonds Guava houses Vegetables |
Total area of the crop in
dunums* - 32070.25 | 26892 4502 { 4500 14973 30815.5
Area in dunums sampled 37 510.5 268 92 496 795
sampled area as percent of _ S
total area 1.16 1.90 5.95 2.04 3.3 2.58

*: Source Ministry of Agriculture (2001)

Note: there are othé; areas in Gaza used for other crops. These have not been

included in the t_ablé

Table 7.2 shows that the sample covers at least 1% of the total agricultural

land in Gaza u_séed fqr_‘ cultivation crops.

7.4.2 Source and cost of existing fertilizes

The
shows that the yast

survey  clearly
majority of the farmers
_asked buy
fertilizers, see Figure

72. Only 5% get

fertilizers from their own.

farmiand while 16% get
some from their farm

organic
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Figure 7.2: Sources of Organic Fertilizers
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land and buy the rest. 79% depend completely on importing organic fertilizer

from outside. On the basis that the 16% who get organic ferilizers partially
from their farm land satisfy 50% of their needs and add this to the 5% who
depend completely on their own sources, it means that 13% of fertilizers is
produced locaily, while 87% is still needed from outside. This méy not be
accurate but it provides an estimate of the percentage of locally produced
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fertilizers. The figure of 87% agrees closely with a figure of 90% for the
percentage of the imported fertilizers. '

Getting fertilizers  from
outside is very difficult,
especially in the. severe

- Figure 7.3: Satisfaction with existing
sources of organic fertilizers
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of the farmers are not
satisfied with existing sources and find real difficulties in getting fertilizers for
the periods when they are needed, see Figure 7.3. Such problems provide
opportunities for farmers to use treated sludge, which could be available at
any time of the year regardlesé of any severe polfitical situation or any other

logistical pfoblems.

The prices of imported organic fertiiizefs are not stable for the whole year.
Prices depe.nd. on the season and the importing conditions. At certain times
and due to closures, prices become double their normal rates. Oh average the
cost of one tonne of fertilizer is between US $ 10 and 20. This is very costly
when each dunum require more than 6 tonnes per cultivation. Due to
importing problems and the high cost, many farmers reduce the quantity of
fertilizers applied especially for citrus crops. Some of them clarify that the cost .
of using' the correct quantity of organic fertilizers will not enable the farmer to
cover running costs especially if they do not manage to export their products
because of closures on export restrictions. |

7.4.3 Experiences of Sludge Application in Agriculture

Some farmers in the Gaza Strip tried illegally to use pagrtiaiiy treated siudge in
agriculture. From the farmers included in the survey, 18% have experience
with sludge application while the majerity does not have any personal
experience, see Figure 7.4. Some farmers were not familiar with the
characteristics of treated sludge, since although they have knowledge of
wastewater reuse, they did not know that solid materials are also produced
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and can be used as fertilizers. From their limited experience, 50% of those

having some experience of sludge use strongly support using sludge in land
application, 29% cannot decide yet while 21% would not use it based on their
experience. As an alternative to existing sources, 63% of those who have
used sludge consider it a good alternative while 23% do not know and 18%
consider it a poor alternative to existing sources. '

F Figure 7.4: Previous experience with sludge application
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Of the farmers who have not used sludge before, a high percentage (64%)
are willing to use it while 36% are not Willing to use it according to théir limited
knowledge of treated sludge quality. Most of the farmers based their
expressed willingness to use treated sludge on the quantity produced and its
quality. Most of them in principal wbuld not hesitate to use sludge if it is shown
to be equal to or even better than existed fertilizers.

Farmers who are not willing to use sludge base their rejection on various
reasons, see Figure 7.5. 23% of them are not sure that sludge can be a safe
and good aiternative, 54% believe that the consumers will not consume
products fertilized using freated sludge while the rest feel that siudge needs
special arrangements for handling and application especially as they have
direct contact with fertilizers during application.
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As a soil conditioner, 52% of the farmers surveyed expressed a strong
willingness to use it, 20% were not able to decide while 28% think it cannot be
used and prefer imported composted materials.

Constructing a pilot project for sludge land application and soil conditioner
could improve the idea about sludge use, as many farmers prefer seeing a
pilot project before introducing new materials or methods.

Figure 7.5: Concern about use of sludge b
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More than 63% of the farmers believe that sludge cannot be used for all crops
with'out evidence of its effect on each crop. They prefer to start with trees and
field crops and only try for other types of crops later. Only 37% believe that
siudge can be used for any crop, and believe that there is no significant
difference b.etWee'n treated sludge and animal manure which is used directly,

without any treatment.

Chapter 7: Farmers' Attitudes to Sludge Use 90




7.4.4 Willingness to Pay
The questionnaire asked farmers to indicate how much they would be willing

to pay for treated sludge. In general, the farmers prefer fo pay as little as

Figure 7.6: Willingness to pay compared to existing fertilizer
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possible and they would be pleased if it were free, see Figure 7.6. Many
farmers find it difficult to decide how much they can pay as this will be based
on the quality of treated sludge compared to drganic fertilizers. Some farmers
said that they will pay the same price or even more if sludge gives the same
results as, or better results than, the existing fertilizers. Many farmers think
that such a product will be cheap as the imported fertiizers are expensive
because they come from outside and locally produced materials must

therefore be cheaper.

It is noticed that farmers who used sludge are wiliing to pay more than who
did not use sludge. 28% of farmers using sludge are willing to pay the same -
price of existing fertilizers while only 9.1% of farmers who did not use sludge
have the same willingness. On average, farmers who used sludge are willing
to pay 37.5% of the cost of existing organic fertilizers while farmers who did
not use sludge are willing to pay 23.5% of that cost.

Based on the guestionnaires and interviews with farmers it is concluded that
cost is not the only issue affecting the willingness of farmers to pay, the
following points can be addressed:
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e Supply and demand: farmers consider sludge and fertilizers as a
market product and their willingness to pay is based on the availabil'ity
of the materials and its cost.

« Some farmers may give a false answer, as they are not capable to
decide how much they will pay for a product they do not know. |

e Due to the existing situation and as support to agricuttural sector, the
Palestinian Ministry of Agriculture supplies the farmers with free of
charge chemicél fertilizers. Such support decreases the willingness of
farmers to pay and create a feeling of getting things free.

7.5 Conclusions

1.

The farmers in the Gaza Strip own small areas of land, from iess than 5
dunums up to 50 dunums. When applying fertilizers, the farmers come into
direct contact as farmers do not have machines for applying fertilizers.
This makes it important to take into consideration that treated sludge
quality has to be safe when farmers come into contact with it dufing.
application. | | |
The scarcity of organic fertilizers and their high prices could encourage
farmers to use treated sludge instead of importing organic fertiﬁZers.

The limited experience of .using siudge shows that farmers can accept it
and deal with especially if it is of good quality and is safe to handle.

The farmers who have not used sludge before are willing to use it if it well
treated and shows good results after application. Also sludge can be used
as soil conditioner if it is composted as imported compost materials used
in the Gaza Strip.

. Most farmers prefer not to use sludge for ali crops. They prefer to start

with trees and field crops.
The farmers' willingness to pay for treated sludge is based on the quality of
sludge and its degree of safety.

7.6 Recommendations

1.

it is recommended to conduct a pilot project concerning sludge use for
land application in parallel with an awareness programme to the farmers.
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An awareness programme needs to include the best way of handling
sludge and the 'advantages and disadvantages of sludge compared with
existing fertilizers. A pilot project can be conducted by non-governmental
organizations or the private sector in cooperation with Palestinian concern
institutions. '

The sludge at the beginning should be limited to use for trees and crops

that are not eaten directly, such as field craps.

The cost of sludge at the start has to be at a level that encourages the
farmers to buy. Later it could be increased to cover the treatmenf cost or
possibly make a proﬁt.
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CHAPTER 8
Gaza Reed Bed Case Study

8.1 Intreduction ‘

'A literature review regarding s!udge dewatering using’ reed beds shows
sngmﬂcant differences between - different -locations. The difference in
experience is mainly due to environmental and meteorological differences
between the areae of study. Since experiences are sité-specific, a pilot study
in the Gaza situét'ion‘isi necessary to obtain local data about sludge
dewatering in Gaza. |

“The 'co'n'StrUCted pilot project consists of two sludge drying beds with a surface
- area of 200 m? each. One of these was planted with Phragmltes australis
whilst the other functloned asa snmple sludge—drymg bed wzthout vegeta'non

© Inthis part of the study, results from a pilot prOJect camed out over a period of
~ three years at the Gaza wastewater treatment plant are 1IIustrated and fi nal '
conclus:ons and recommendatmns are drawn

8.2 Pilot Pro;ect Objectwes . .
The aims of the pIIOt pro;ect are to make a direct comparlson between the two
constructed beds, and specaﬁcal!y to: |
) Examlne the capac:ty of the two beds for hydrauhc and solid Ioads
e Assess surtable Ioadmg rates and frequenc:les for each bed.
® Monttor the evaporatlon and evapotransplratton capacity of ‘both
systems ' .
® Charactenze the quality of raw sludge and drained water,
¢ Assess the quality and the quantity of accumulated sludge.
e Calcuie"te the relative drying efficiencies of the two methods allowing
for seasonal variations in loadings and climate. |
o Evaluate the suitability of constructed wetlands/reed beds for sludge
treatment in Gaza.
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o Establish suitable bed construction design for replication of this system,
o Establish suitable operation and maintenance schedules for:
o Sludge application rates.
o Drying times
o Removal timings
o Resting/recovery periods for beds after removal of dried sludge.
o Determine comparative capital, operating and maintenance costs.
o Correlate sludge loading rates with
o Evapotranspiration rate.
o Planting density.
o Application rates and methods {dosing or continuous flow).
o Overall bed design requirements.
Establish seasonal variations in efficiency.

8.3 Pilot Project Description

The Pilot Project is located on the same site as Gaza City wastewater
treatment plant, see Figure 1.2. The location is selected there because of the
availability of land and the possibility of using sludge generated in the
treatment plant. At the same time, the municipality iaboratofy is located at the
same site and the municipality appointed a technician to help in moniioﬂng
and analyzing the samples. The beds are open (uncovered) with a base area
of 200 m? each, and with concrete banks sloping at 1:3. Figure 8.1 presents a
ptan of the two beds. The left hand bed was planted and the right hand bed .
was unplanted. Each bed is provided with a drainage system in the base;
consisting of perforated UPVC pipes of 200-mm diameter surrounded by
gravel of 5-7 cm size. The bed media consists of three layers of aggregate.
The bottom layer is 20-cm depth of aggregate 3-5 cm diameter. The second
layer is 20-cm depth of aggregate 1-3 cm diameter. The third (top) layer is 10-
cm depth aggregates layer of size less than 1-cm diameter. On the top of the
three layers, there is a 20-cm sand layer. The bed layers are laid to a slope of
1:50. The bottom of each bed is sealed with hypalon lining which is an
impermeable geotextile used to prevent water percolating through the base of
the bed. Figure 8.2 shows a section through the bed base and edge of a bed
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showing drainage and layers configuration. The influent system is a 200-mm
pressure pipe provided with a current meter. The pressure pipe distributes

Figure 8.1: Pilot Project Layout
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sludge to the beds through an inlet pipe, which is provided with a valve. Beds
are loaded with the sludge frequently through controlling the valves installed
at the inlet pipe of each bed. First, sludge is loaded to the planted bed through
opening the valve of planted bed and keeping the unplanted bed valve close
and the quantity of loaded sludge is counted through the current meter. Then
the planted bed valve is closed and the unplanted bed valve is opened to load
the unplanted bed with the same way. For the next loading, the process is
repeated but the unplanted bed is loaded first. The valves are operated
manually. The outflow from the drainage system leads to a collection chamber
where the leachate is collected by gravity and then pumped back to the

Chapter 8: Gaza Reed Bed Case Study 96



treatment plant for further treatment. The outlet is provided with a water meter

to measure the quantity of infiltrated water. In each of the four corners of each

bed, there are four vertical scales to indicate the depth of accumulated

sludge. The system is designed as vertical flow. The sludge distributed into

the surface and infiltrate vertically by gravity into bed layers where infiltrated

water is collected through drainage pipe.

8.4 Planting and Plant Growth

One of the beds was planted with the reed “Phragmites australis”. Planting

was carried out on 6" May 2000,
and the plants were provided from
two different locations in the Gaza
Strip. The first location is a natural
wetland area in Gaza "Wadi Gaza"
which is a saline area where the

water electrical conductivity reaches

more than 30 mS/cm. The second
location is a wastewater dumpsite in
the south of the Gaza Strip close to
the Egyptian borders. The reeds
were planted at a spacing of 30-50
cm between centers and the other
bed was left unplanted.

Sludge was applied to the beds
immediately after the reeds were
planted. In the first six months the
reeds were watered by sludge
containing 0.4% solids twice a week
on Sundays and Wednesdays. For
each bed 20 m® of sludge was

applied on Sundays and 30 m® was

Photo 8.3: Ree

d plantin
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applied in Wednesdays during this six month period. On one occasion, the
sludge had a solids content of more than 4%, which had an impact on the
plants. The day after loading, some of the reeds became brown but regained

their green colour after one week.

i a -

Photo 8.6: Reeds after 6 months Photo 8.7: Reeds in winter

The growth of the reeds was monitored for the first six months. The average
growth rate of the reeds was about 50 cm per month. After six months, the
reeds attained an average height of 3 meters. After that, growth became
slightly slower and, after one year of planting, the average height of the first
generation was around 4 meters. In wintertime (from November till February),
parts of the plants became brown but they did not dry out completely even in
December and January. In March 2001, the new generation of reeds started
to grow and by the end of May 2001 their height was around 2 meters while
most of the first generation was still green. A few of the original reeds dried,

however.

In January 2002 (start of third year), most of the reeds were green and few
new reeds were noticed in March 2002. On average the plant density in the
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third year was around one stalk every 5-7 c¢cm, which means around 300
plants/m? existed in the planted bed.

in March 2001, some seeds from the planted bed were carried by the wind to
the unplanted bed, where they germinated. The author removed these in May
2001. This was repeated in 2002, in greater numbers than before. Most of the
self-seeded reeds were succéssfully removed from the unplanted bed.

8.5 Hydraulic Loading Rate
During each éludge application, the quantity of loaded sludge was measured
using the current meter Instalied at the inlet as described in section 8.3. The

reading_ on the effluent meter measuring the flow of infiltrated water was

recotd'ed at the beginning and the end of each loading time. From the meters .
at the inlet and outlet, the quantity of loaded sludge and infiltrated water was

calculated. The applied hydraulic load was calculated as cm/m? day according

to the fouowmg formuta -

melOO
30x A4s

Where; | _
HLR = Hydraulic loading rate cm/m®.day -
Om = Hydraulic load m%month

HLR= +P

As = At:éur_nu!atéd sludge surface area

pP= 'Rainw_ater_ precipitation cm/day ‘
The authdr_took into consideration thé SIopes of the bed’s base and the slope
of bed banks in ca_lbu.lating hydraulic !oading rate. The hydraulic Idading was
 calculated 'based on _the surface area of sjudge, Which increased as the depth
of accumu'ia-te'd sludge increased. For the first six months, sludge loadihg was
carried out twice a week after which it was carried once a week. The author
tried to make hydraulic ‘loading evéry week or two weeks based on the
observed impact of loading on reed health and the dryness of the
accumulated sludge surface. It was noticed that in summer time (May-
Septembér), hydraulic load could be app!ied each week, based on the
quantity of applied sludge. The author monitored the effect of applying sludge
once a week or applying double the amount every two weeks. it was more
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favorable to apply sludge every two weeks with the double amount of that
applied every week. The performance and health of the reeds was better and
less sludge accumulated in the bed.

The author tried to apply sludge in both beds with the same amount in the
same time to study the performance of planted and unplanted beds at the
same loading rate. The area of the pilot project is close to the Israeli
settiement "Nitzarim settlement” and due to the high security of reaching the
location in some times of the year, loading rate was stopped for some
intervals in dry bed or even in both beds. Due to the configuration of the pilot
project, to load both beds the inlet valves has to be reconﬁgurafed, which was
the most dangerous activity. The author in critical times kept the planted bed's
valve open and the unplanted bed’s valve close and loaded only the planted
bed. The quantity of sludge applied in such intervals was estimated based on
the sludge loading duration (minutes) and the power of sludge pumps as the
influent meter has the same problem as valves.

In some intervals (in summer times), the author loaded the planted bed with
more sludge than the unplanted bed to investigate the potential capacity of
planted bed for hydraulic loading. Due 1o the above reasons, hydraulic loads
in the fwo beds were not the same for the whole period of the project or some
times it was stopped. This is presented in figure 8.3 which illustrates hydraulic
loading rate in both beds.

f

i Figure 8.3: Applied Hydraulic Load
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Whatever the applied quantity of sludge, four to five days later, infiltration
stopped in the planted bed while it took more than seven days for infiltration to
stop in the unplanted bed. After infiltration stopped on both beds, cracks
began to develop on the sludge surfaces. This was more noticeable on the

planted bed. The most suitable time to apply more sludge was. found to be

when the cracks were 10 cm deep, which takes ten days in average after
infiltration, stopped. The cracking rate in summer was more than in winter.
Five to seven days in summer after infiltration stopped were enough to
develop 10 cm cracks on the accumulated sludge surface. It was also noticed
that cracks do not occur at the same rate in all parts of the same bed. Cracks
develop more quickf'y where drainage is good, close to the area where
“drainage pipes were installed. This could be due to the ventilation. The outlet
of the perforated pipe is open to the atmbsphere; this increases ventilation
and appéars to_niake‘the reed performance more effective. It is evident that
the reeds: in this area are more d‘ense'a‘nd rgree‘n' although the accumulated
sludge depth is g_reateét here. Due to the bed slope the depth of accumulated
sludge is more than that in the other side of the bed by approximately 20 cm.

It was noticed that keeping the beds saturated has a negative impact on the
development of the reed plants. This was noticed in the Wadi Gaza which is
the source of reeds. Reeds in Wadi Gaza are saturated most of the year but
the health of plants in beds is better than that in Wadi. Reeds in the planted
" bed are longer, more thick and green than that in Wadi. Reeds in Wadi dry for
part of the year (within summer time) when there is no rainwater and the
existing water is saline and stagnant. A better health of reeds in the planted
bed could be due to: | -
o Frequent loading of the bed gives the reeds better conditions as any
plants, which survives better when it is irrigated in a certain intervals
(not bontinuous irrigation). '
e Sludge is filled with nutrients more than the saline water in the Wadi,
which is more suitable for plant growth,
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e Dryness of the bed surface and cracks development facilitate oxygen
transfer to the plant roots, which is necessary for reeds to be in a good
health conditions.

Table 8.1 presents the hydraulic loading rate of the two beds. Hydraulic
loading was started in May 2000 until 'August 2002 where the accumulated
sludge drying perio'd was started for 4-6 months. The project hydraulic
loading period is divided into four intervals to study hydraulic loading rate per
interval.
e The first interval is from planting time (May 2000) up to December
2000 the time where the reeds were nearly full-grown.
¢ The second interval is from January 2001 up to end of May 2001
e The third interval is the second half of 2001
o The fourth interval is the rest of project period (January 2002 until
the end of August 2002).

Table 8.1: Hydraulic foading rate cm/m?.day

Period Pianted Unplanted
ay/Dec. 2000 32 27
Jan./May 2001 1.8 1.4
June/Dec. 2001 1.7 1.7
Jan./Aug. 2002 3.0 26

Based on table 8.1, the following points are addressed:

1. Loading rate in the first interval was high; this is due to loading two times
per week. | |

2. For the second interval, loading rate was low. This is due to the times of
lack of security and stopping loading mainly in unpianted bed.

3. Loading rate in the fourth interval was high mainly in the planted bed, which
shows high performance in the third year (fourth interval).

4, For three years, the planted bed was loaded with a sludge loading rate of
2.9 cm/m2.day in average and unplanted bed average loading rate was 2.6
cm/mé.day excluding the times of irregular sludge loading. Such figures
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represent the applied rates not the potential capacity of beds. It was noticed
that beds could be loaded with higher rates, mainly the planted bed.

8.6 24-Hour Infiltration Rate

Studying infiltration rate of the system is difficult as infiltration rate varies from
day to day after sludge loading and stopped after few days of loading.
Drainage flows were measured for the first 24 hours after loading. The 24
hours period was chosen after consideration, and allows comparisons to be
made between planted and unplanted under the same conditions. From the
quantity infiltrated in the first 24 hours, the initial infiltration rate can be
determined. This test was carried out one to two times per month. A 24-hour
infiltration rate is calculated based on the following formula: |

Ir= 0d %1000
A

Where;
Ir = Infiltration rate (mm /day)
Qd = Quantity of drained water in the first 24 hours (m®)

A = Base area of bed (m?)

It is clear that infiltration rates are influenced by hydraulic load, solids load and
time. It is difficult to study the impact of each of these three factors
independently, as all three variables are constantly changing. it was ncticed
however that the solids content of the sludge was almost constant, especially
“after the first six months of the project. It was therefore decided that as the
solids content was almost constant, hydraulic load and sblids Ioéd were
proportional linearly and could be represented by hydraulic load as a single
variable.

The author divided the study periods into three separate years to facilitate
studying the relationship between infiliration rate and each of time and
hydraulic load, where:
o Year one presents the period from starting the project in May 2000 until
the end of year 2000,
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e Year two is 2001 from January until December

o Year three is 2002 from January untii August.

8.6.1 Infiltration Rate & Time

24-hr infiltration rate vs. time is presented in figure 8.4 for the three years of
the project, gaps in data presents the unloading intervals of beds. Based on
results shown in the figure, the following points can be noted.

The infiltration rate in summer is higher than in winter. In the planted bed, the
infiltration rate increases from 60 mm/day in winter to 200 mm/day in summer.
This compares with an increase from 60 mm/day in winter to 150 mm/day in
summer in the unplanted bed. This is due to that in summer as temperature is
higher, reeds are more active and evaporation/evapotranspiration rates are
higher which increase the dryness rate of accumulated sludge. The applied
hydraulic load in summer was higher than in winter, which increased
infiltration rate.

Figure 8.4: 24-hrs infiltration rate mm/day
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The infiltration rate of the planted bed was greater in year three than in year
two, especially in summer. Using infiltration rate as an indicator of bed
performance shows that the bed performance is getting better with time.
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It was noticed that the 24-hr infiltration rate in the planted bed was higher than
in the unplanted bed in summer while in winter it is approximately the same,

8.6.2 Hydraulic Loading Rate & Infiltration Rate

To study the relation between hydraulic load and infiltration rate, the author
analyzed the resuits for the three years. Figures 8.5 and 8.6 present the
relation for the planted and the unplanted beds. Hydraulic load was calculated
as mm depth of applied sludge every application time. Results obtained seem
scattered and the relationship between hydrauilic foading rate and infiltration
rate are not so clear. Drawing a trend fine for the results and taking the
correlation (R? value) as an indicator for such a relation made the relation
more clear. In general according to the trend line, the infiltration rate has a
direct proportional relation with hydraulic loading rate. This proportion is more
evident in the planted bed than in the uhplanted bed. The correlation value is
~ a good indicator of the relation. R? for planted bed is 0.45 while it is 0.0145 for
unplanted bed. This means that hydraulic load affects significantly infiltration
rate in the planted bed, while there is less evident in the unplanted bed.

Figure 8.5: 24-hr infiltraiion rate vs. hydraulic load
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in general, a third of applied sludge could infiltrate within 24 hours if a
hydraulic load of 1.1 m*m? is applied per month in summer time in planted
bed. On average 25% of the applied hydraulic load infiltrates within 24-hrs in
the planted bed while this decreases to 20% in the unplanted bed. The
infiltration rate in the planted bed increases with time but in the unplanted it is

less evident.

| 8.7 Solids loading Rate

Solids loading are calculated based on the hydraulic loading rate and the solid
percent of the applied raw sludge. From the concentration of SS and the
hydraulic loading, the solid load is determined according to the fdllowing

formula:

SLR = 2mxSS
1000 x As_

- Where; :
SLR = Surface loading rate kg/m®.month

SS= Suspended solid concentration in raw sludge gram/m

3

Om = Total applied siudge in the bed as m® /month

As= Accumulated sludge surface area {m?)

-l
h
o .

kg/m2.month

Figure 8.7: Average Solid Loading Rate
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Solids loading rate increased from 3.8 kg/m?.month for the first six months up
to 11.3 kg/m? month in the third year in the planted bed, see Figure 8.7. In the
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unplanted bed, solids load increased from 3.3 to 9.9 kg/m®.month for the
same intervals. [n the second year (2001), lower solids loadings were
applied. This was due to the inability to apply sludge to beds for long times in
the periods from January to March and from June to August. It was very
difficult to reach the site, which is close to an Israeli settlement, and it was
dangerous to be there. On average for the whole period of the project
(excluding irregular loading periods), 7.5 kglmz.month of solids were loaded
on the planted bed while 6.7.kg/m?month were ioaded on the unplanted bed.

8.8 Evaporation and Evapotranspiration

Evaporation and evapotranspiration were estimated by measuring flows of all
sludge applied to the beds and filtrate water draining from the beds to be
pumped back to the treatment plant.

The evaporation rate (Ep) or evapotranspiration (Et) rate per month is
calculated based on the following formula:

E= (Qm—-Qd)leOO+P
As
Where;
E = Evaporation or evapotranspiration rate (mm/month)
Om = Hydraulic load (m*/month)
Od = Drained water (m*month) -
As = Accumulated sludge surface area (m?)
P = Rainwater precipitation mm/month

The equation above excluded water stored in beds. The siudge height in beds
increased with a rate of less than 15 mm/month. This means that an increase
of water in bed is less than 10 mm/month (assuming the moisture content of
accumulated sludge is 70%). As evaporation/evapotranspiration is more than.
200 mm/month on average, this means that stored water is not a significant
amount compare with evaporated amount (=5%). Due to that, the volume of
water stored in the bed was assumed to remain constant.
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Figure 8.8: Evaporation & Evapotranspiration
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The evaporation rate from the unplanted bed was 'compared with the
evapotranspiration rate from the planted bed, and both were compared with
the Pan evaporation rate_determined by Gaza Meteorological Station.

To study evaporation/evapotranspiration rates, the author divided the project
period into  four intervals and calculated the  average
evaporationlevapotranspiration for each interval and compared them with pan
gvaporation. The division to four intervals is based on summer/winter periods
which are expected to be the most important' factors affecting
evaporation/evapotranspiration.

From Figure 8.8, the following points can be addressed:
e Evapotranspiration rates for the planted bed range from 254-274
mm/month, which is nearly constant for ali periods. This means that the
eﬁapotranspiratibn rate for this bed is largely independent of climatic
conditions. The _caiculaied values for evapotranspiration repre'sent the
actual evapotranspiration nbt the potential of plant to evapotranspirate.

In summer times, the bed is only 4-5 days saturated after each loading
and the calculations are made for the whole period, which is 14 days.

in wintertime, the beds are kept saturated for longer periods due to a
decrease in infiltration rate and raining water. This could explain the -
approximate constant evapotranspiration rate, as in winter the actual
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and the potential evapotranspiration are approximately equal, while in
summer the beds can evapotranspirate more if it been saturated.

o The evaporation rate in the unplanted bed varied from 168 to 233
mim/month. This variation is due to climatic changes such as wind and
temperature.

e On aVerage evapotranspiration from the planted bed is 170% of pan
evaporation. Evapotranspiration is expected to be higher than pan
evaporation due to following reasons:

o Leaf surface area of reeds is high, which increases the surface

~ of evapotranspiration.

o Most plants can take up water with osmotic pressure superior to
16 atmospheres while this pressure in reed can reach 20
atmospheres, which enables reeds to absorb more water even
in adverse conditions, and according to Lienards (1993) the
evapotranspiration guantity of reed is double the evaporation of
open water surface. .

e |t was noticed that the unplanted bed evaporation is approximately
120% of pan evaporation. This can be attributed to tworeasons

o The surface of the bed_ is black due to the sludge accumulation.
This gives the surface a higher ability to absorb heat from
sunshine and increase the capacity for e\faporation.

o The sludge surface is not reguiar. This increéses'the surface

area for evaporation.

Compare evaporation and evapotranspiration of reeds, Burgoon (1997) stated
that the evapotranspiration rate of reed was 6.4 mm/day while evaporation
from open water surfaces at the same climatic conditions was 3.8 mm/day

It is evident that reeds have a high evapotranspiration rate, which increases
the dryness rate of accumulated sludge. As hydraulic loading interval is
affected with dryness rate of sludge, it means that the evapotranspiration
capacity of reeds could increase the hydraulic toad of reed bed.
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8.9 Quality of Raw Sludge and Infiltrated Water
The raw sludge and infiltrated water quality were registered frequently for the
following parameters:

e Chemical Oxygen Demand (COD) & Suspended Solids (SS)

» Dissolved Solids (DS), Electrical Conductivity (EC), pH, Temperature

o Total Kjeldahl Nitrogen {TKN), Ortho-Phosphate (POy4) |

The tested parameters were used as indicators of dewatering and treatment
ievel achieved in the beds as follows: |
° C'OD, SS as indicators of organic matter removal
o TDS, EC as indicators of the salt accumulation in or washing out from
the system | |
e The nitrogen and phosphorus parameters as indicators for capacity of
reed to uptake nutrients from raw sludge.

8.9.1 Sampling and Analyses

The sludge samples were taken directly from the sludge outlet. Studge
thickness varies with time dunng loading and to have representative samples,
the author took several samples during loading and either mixed them
together to form a composite or analyzed. all of them in some cases. For
infiltrated water, samples from both beds were collected from the outiet of the
drainage pipe the day after hydraulic Ioadiﬁg (24 hrs after hydraulic loading).
The an'alyses were carried in the' Gaza Municipality Laboratory and in the -
Istamic University —Environmental/Rural Research Centre laboratory. The
American Standard methods of analysis were used. Methods used for the
' different parameters analyses are given in append:x A.

8.9.2 Results

More than 75 samples were collected and analyzed for most of physical and
chemical quality of raw sludge and infiltrated water in both planted and
unplanted beds. Table 8.2 summarizes the quality of loaded sludge and the
quality of decanted water in both beds. The figures in Table 8.2 present the
average values of chemical characteristics of siudge and decanted water.
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Table 8.2: Quality of studge and decanted water

Sample Source DS EC COoD 88 TKN PO,
mg/l . mS/em mg/l mg/l mgfl mg/l
Raw 1554 32 11,746 19,468 570 8.1
Studge + + + + + +
203 0.37 9,772 19,964 349 0.86
Unplanted Bed 2324 41 166.5 33 52 20.4
s + + + * +
323 0.54 113.9 36 66 14.2
Planted Bed 2441 4.7 161 21.5 50.5 21.6
+ + + + * *
297 0.53 112 25 68 18.3

It is concluded from the above table that:

¢ The suspended solids concentration in decanted water is very low and
the efficiency of 8S removal is more than 89%. This is in both beds and
the perceniage removal in the planted bed is more than in the
unplanted. It is noticed that 8S in infiltrated water in the planted bed
ranges within 21.5 mg/l, and 33 mg/l in the unplanted bed. The primary
mechanisms for solid removal are settling, filtration and flocculation of
suspended and large colicidal particles. Seasonal variation in SS
concentration was not dete'cted, it means that suspended solid effluent
quality is not affected with time or even with quality of applied sludge.
This result is also the same for COD, which received a removal
efficiency of more than 98.5% in both beds.

o The electrical conductivity in the effluent is 151% of the electrical
conductivity of the raw sludge in the planted bed and 128% in the
unplanted one; this is due to evaporation/evapotranspiration rates, |
which increases the salt accumulation in accumulated siudge. In the
next hydraulic loading, accumulated salts are leachated with infiltrated
water, which increases the electrical conductivity of infiltrated water.
The same indication is obtained for dissolved solids. DS concentration
is higher in the infiltrated water than in the raw sludge. One could
conclude that no salts accumulated in accumulated sludge due to high

Chapter 8; Gaza Reed Bed Case Study 111




evaporation/evapotranspiration ratios, which is a good point if the final
product is to be used as a soil fertilizer.

o Electrical conductivity and dissolved solids concentration in the effluent
of planted bed is higher than that in the unplanted bed; this supports
the result of evapotranspiratlon being higher than evaporation.

e Concerning the nitrogen component, a significant removal of nltrogen is
achieved and the percentage removal is higher in the planted bed than
in the unplanted. This is due to the effect of plants which consume a
significant amount of nitrogen components.

e The primary removal mechanisms of nitrogen (mainly reduced and
organic fraction of N) are filtration, sedimentation, plant uptake and
biodegradation. Organic nitrogen trapped within the beds will undergo
many biclogical reactions. These biologically transformations species
are ammonificaton, nitrification, de-nitrification and fixation. In addition,
reed plants take up nitrogen as macronutrient through their roots.
Nitrate concentration in raw sludge was not detected while in the
influent of the planted bed was 56 mg/ in average and 46 mgh in the
unplanted bed. Wetland plants can facilitate gas transfer (mainly
oxygen and COy) both into and out-of the wastewater of a vegetated
submerged bed system (EPA, 1999). Brix and Schierup (1990)
reported ‘in their study about the transfer of oxygen by reed plants on
an operating wetland. This could be an indicator of nitrification of NHq-

form to NOs-form of nitrogen c;ompounds.

8.10 Accumulated Sludge Volume
Vertical scales were installed in each of the four corners of each bed. The
zero datum of each scale is at the top of the sand surface, so that sludge
depth can be measured directly from each scale. The accumulated sludge
volume as m? is calculated according to the formula based con the shape of

accumulated sludge:

Accumulated Sludge = 200d + 80 &° + 12 &°
Where;
d= Depth of accumulated sludge
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The aim of computing the accumulated sludge volume is to study the volume
reduction of the sludge and the degree of mineralization of the accumulated
sludge in relation to time.

Figure 8.9:Accummulated Sludge Volume& Total
applied Sludge Vs. time - Unplanted Bed
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Figure 8.10; Accummulated Sludge Volume & Total Applied
Sludge Vs. Time - Planted Bed
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The volume of the applied sludge undergoes a significant reduction in both
beds, as water is lost from the sludge. In the planted bed the accumulated
sludge initially (after seven months of loading) occupied a volume of 4.2% of
that of the sludge applied. This represents a 95.8% reduction in volume.
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Following this volume of accumulated sludge (as a percentage of the volume*
of applied studge) increased slightly, but then fell to 4.1% by the end of
loading period (August, 2002), indicating a 85.9% reduction in volume.

Figure 8.11: Accumulated sludge volume as percent of total
applied sludge
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Results from the unplanted bed were similar, with the volume of accumulated
sludge (as a percentage of the volume of applied sludge) increasing from an
initial value of 4.4% to 5.5% before dropping to 4.4% by the end of the foading
period. Increase of sludge volumes in winter could be due to decrease of
biological activities because of fow temperature.

| Drying of siudge for five months after the last sludge application reduces the

volume of accumulated sludge to 3.1% of applied sludge in the planted bed
and to 3.6% in the unplanted one. The calculation assumes that the
accumulated sludge is solid, and ignores the volume of planf roots and
rhizomes and the air voids in accumulated sludge. The volume of
accumulated sludge will ihefefore be less than that calculated.

Total applied sludge in the planted bed for the three years was 4652.7 m® and
for unplanted bed was 4288.5 m®. Although the applied sludgs in the planted
bed is 15% more than in the unplanted, the reduction in sludge volume of
planted bed is higher. This means that significantly more mineralization of
accumulated sludge is achieved in the planted bed than in the unplanted one.
Mineralization is "The process by which elements combined in organic form in living
or dead organisms are eventually reconverted into inorganic forms to be made
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available for a new cycle of growth. The mineralization of organic compounds occurs
through oxidation and metabolism by living microorganisms" (EPA, 2002a).

Figure 8.12: Mass of applied and accummulated sludge
(January, 2003)
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To determine the degree of mineralization of accumulated sludge, the author
calculated the quantity of applied solids and the quantity_ of‘ accumulated
solids based on weight, not only the volume. In January 2003, nine samples
»from the planted bed and six samples from the unplanted bed were collected’
and tested for dens:ty water content and sohd content, see Append:x A The
samples were collected from three locations m the planted bed and two
locations in the unplanted and at three different Ievels from each locatlon. It
‘was noticed that from 59.4 tonnes of solids applied to the planted bed only
36,98 tonnes (62.2%) accumulated. In the unplanted bed, 51.5 'tonn'es of
solids was applied and 38,65 tonnes (75.1%) accumiulated. This means that
37.8% of apblied solids are mineralized in planted bed in three years and
24.9% of applied solids mineralized in unplanted bed. Many authors paid
attention to the miner‘atization of accumulatéd sludge. Neurohr (1983) stated
that disposal costs of sludge from reed bed are iess than those for drying
beds because composting and mineralization of accumulated sludge in reed
bed system reduces its volume, which has a direct impact on disposal costs.

8.11 Accumulated Sludge Quality
The author aimed to examine the possibility of using final sludge produced in
fertilizing agricultural land as an aiternative to imported organic fertilizers in
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the Gaza Strip. Accumulated sludge has been tested for physical, chemical
and biological quality to compare it with drafted Palestinian standards of
sludge use in land application. In this part, the sampling method, analyses
and the quality of the accumulated sludge with a comparison with Palestinian

and others standards for sludge use in agriculture are presented,

8.11.1 Samples Collection .

The last sludge loading was carried in 25" of Aug. 2002 in both beds. In
October 25, 2002 the author collected the samples to be tested. To take a
representative samples, the samples were collected from more than one
location and from different levels at the same location. Two locations from the
unplanted bed were determined and three locations from the planied bed.
Samples locations were decided based on the bed surface slopes. Samples
locations were 2-m from the edges of the 10 m width of beds. The distance
between the two samples locations is 6 m. The author paid attention to the
quality of accumulated sludge in the planted bed more than in the unplanted
bed, so samples were taken from three locations; two locations are close from
the bed edges and the third location at the middle of the bed.

Photo 8.8: Accumulated sludge samples

The depth of the accumulated sludge varied from 50 cm in one edge to 70 cm
in the other edge of the beds. From each location, three samples were
collected from different levels. The samples were collected at levels of 5-
15cm, 25-35cm and 45-55cm from the top of accumulated sludge. A soil corer
was used to collect the samples, see photo 8.8. The quantity of each sample
was around 1.5 kg.
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8.11.2 Samples Preparation

Each sample was kept in open plastic dish of 30 ¢cm diameter in room
temperature for one week before analyzed. Each day, the sample was mixed
o dry. After one week, samples were crushed then sieved using 2mm-sieve
size. Around 200 g of crushed sample was collected to be tested for physncal
and chemicat parameters

10 gram of each sample was taken and dried for 24 hrs at 105 °C to
calculated moisture content and dry matter, then bumed at 550 °C for one

hour to determine the organic fraction. The residue was dissolved in 50 ml of

distilled water to examine it for other chemical parameters.

For total nitrogen and total phosph.orus, dried samples were digested ditectly.
.Mlcro-Kjeldahl ap.paratus_,was used to determine TKN. -

: Wa ter content of fresh samples

The water content of fresh samples was determmed dlrectly after collect:ng
the samples One kilogram of fresh samples was dried in drymg oven at 105'

°C for. 24 hours The. water contents were calculated as percentage of the
fresh sarnple | ‘ '

Determination of Water Soluble K, Na, Mg, and Cl ,

For. determlnatlon of water soluble K, Na, Mg and Cl i :n sludge samples, 50 m!
of dlstllle_d water was added to the remainder of 10 grams of _crushed sample
* which was bumed at 550 °C for an hour. The sample was shaken for 2'hoUrs

and then fi ltered The content of extract of different element was determmed-

using the analytlcal method presented in table A7 appendlx A, the result
calculated based on dry weight. '

Determmat:on of Tota.l Heavy Metal
The concentration of the total heavy metals (Iron — Fe, Lead — Pb, Copper —
Cu , Nickel — Ni, Zinc ~ Zn, Mercury — Hg , Chromium - Cr) were analysed in

accumulated sludge. The concentration of metal ions in the aqueous
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solutions was measured using Atomic Absorption Spectroscopy ~AAS
instrument (Perkin Eimer Analyst-100, spectrometer).

Determination of parasites

- Fresh collectéd_ samples were used to study the parasites content of sludge.
The samples were bi'ought fresh to the Iaboratdry to test the parasite contents
of them. The helminths (Nematodes) were used as indicator for parasite
contamination. A modified formal-ether sedimentation method was used to
determine Nematodes numbers in sludge samples. The reagent and method

used are as follows:

Reagent |: 10 % formalin solution in distitled water,
Reagent lI: diethyl ether( or ethyl acetate)
° Emulsnfy 1 gm of sludge in 7 mi of 10 % formalin in a centrifuge tube.
o Strain the suspension through a brass wire sieve-40 meshlmch 425
pm pore and collect in a beaker.
s Pour the filtrate into a 15 cm boiling tube and add 3 mi of ether, mix
well -15s.0on a whlrhmlxer or 1 min in by hand.
o Transfer the ether fformalin suspension back mto the washed
* centrifuge tube and centrifuge at 3000 rpm for 1 min. '
o Loosen the fatty plug and ;iebris at the top of the tube with an
applicator stick and invert the tube quickly to discard the supermatant.
On righting the tube, a few drops only should remain with the deposit.
e Mix the deposit well, transfer one drop onto a glass slide and cover
with a 22 mm? cover-sip.
o Scan the whole cover-slip using the x10 objective, turning to the x40
cbjective for confirmation of identification of parasites.

8.11.3 Results and Discussion
The author divided the quality of sludge into three groups, the organic and
nutrient quality, heavy metals concentration and biological quality. The

following section discusses each of these parameters.
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Organic Matier and Nutrients
Table 8.3 summarizes the results of organic matter concentration and

nutrieats (K, N, and P).

Table 8.3: Organic Matter and Nutrients Concentration

. ‘Sample -
sempie | Sample | depth from | Organic ‘ Total
iocation Code surface matter % Kok TKN% ) Phosphorus

| | em *
Unplanted D1 5-15 43.8 0.71 2.8 0.35
D2 25-35 40.8 043 24 0.37
- D3 45-55 35.1 0.35 23 0.39
Unplanted E1 5-15 37.0 0.51 3.04
E2 25-35 27.3 0.23 25 0.48
E3. 4555 404 0.34 29 052
Planted F1 5-15 413 0.67. 3.09 0.31
F2 75-35 435 0.63 208 0.44
F3 45-55 411 0.53 28 - 041
| Planted G1 515 | 393 0.46 2.7 0.54
G2 25-35 349 0.27 28 0.36
‘ CK] 45-55. - 374 0.29 26 . 0.34
Planted H1 5-15 398 0.60 28 0.37
H2 25-35 - 375 0.42 241 - 0.32
- H3 45-55 42.4 0.51 26 0.14
Planted Average 387+ 27 | 049+014 | 272027 | 0.38%20.11
Unplanted Average 374+£58 [ 043+017 | 27+03 | 042+0.08

Regarding organic matter content, accumulated sludge from the unplanted
bed contains organic matter rénge between 27.3-43,8 % with an average of
37.4, while in the planted bed, organic matter concentration range from 34.9%
to 43.5% with an average of 39.7%. Nutrients content in accumulated s_!u-d'ge
is reiatively high regarding nitrogen and potassium compare with ‘typic'a!
sludge quality (see table 5.2). The average nitrogen content in accumulated
sludge in planted bed is 2.7% per dry matter and 2.65% in the unplanted bed.
Potassium concentration in accumulated sludge in the planted bed is 0.48%
and 0.42% in the unplanted bed. Phosphorus concentration is low; its average
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concentration in the planted bed is 0.36 g/kg and 0.42 g/kg in the unplanted
one,

Comparing the quality of accumulated sludge with regional standards (Egypt)
shows that accumulated sludge quality regarding physical properties, organic
matter and nutrients is suitable for land application according to Egyptian
standards, see Table 8.4.

Table 8.4: Sludge quality compare with standards

Egypt
| Parameter Planted Unplanted | Standards
Density Kg/m® 782 844 >400
Dry Solids % 68 70 >30
pH 7.0 74
Na g/kg 1.23 1.30
Clo/kg 108 | 112
Organic matter % 38.73 37.41 >40
Kalka - 0.49 0.43
N % 2.71 2.66 >2
% 036 0.42

The concentration of organic matter and nutrient of accumulated sludge varies
from location to another and from level to another at the same locaticn at both
beds. Table 8.5 presents the ration of OM and both of nitrogen and
phoéphorus compare with an accumulated sludge left for 7-21 years in the
reed bed system.

Phosphorus concentration in the unplanted bed is slightly more than that in -
the planted bed; this could be due to plant consumption. The OM/N ratio in
the planted is higher than that in the unplanted; this could be also due to plant
nitrogen uptake. Compare OM/N ratio of raw sludge with accumulated sludge
show that the OM/N ration reduced from 21 in raw sludge to 14.5 in
accumulated sludge. This means that a significant composting and
mineralization of accumulated sludge are achieved. The author noticed that
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most of samples collected from the planted beds were odourless or soil smeli
while samples from the unplanted bed had an offensive odour.

Table 8.5: Organic Matter vs. Nitrogen and Phesphorus

Location
code _ OMIN om/P ‘NP
Pianted close from drainage
14.3 109.1 7.6
pipe -
Planted at the middie of bed 13.8 80.8 - 6.6
 Planted at the other side of bed 16.0 144.8 9.0
Unplanted close from drainage ‘ o
. : 16.0 . 1079 6.8
pipe e | |
Unplanted at the other side of K N .

. 124 69.5 . 56
bed _ : :
Planted Average . 14515 102 £ 19 . TA£15
Unplanted Average _ 142+23 o 92x27 ] 62%141

‘ Pempkownak and Obaraske, . ‘ B :
_ 15+0.9 149 % 2 20+ 4
2002 o : ‘
Heavy metals

The tests carried out for all collected sludge samples (planted unplanted)
concerning heavy metals show that accumulated sludge has very limited
concentration of heavy metals. The concentratlon mostly was below detectlng
firmit - BDL (see table 8. 6) Heavy metals such as Hg, Cr, Cu, Ni and Pb are
almost below the d_etectlon limit. Fe arnd Mg exist with-small amounts.

The results are compatible with the preV_ious results carried for accumutated

' sludge in the Gaza Strip, see Table 4.7 and the raw wastewater quality (Table

4.3), which show that heavy metals do not exist, or in a very iow
concentrateon Based on tables 8.3-8. 6, the physical and chemlcal quality of
sludge show that accumulated sludge could be suitable for agricultural
purpesesl
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Table 8.6: Heavy Metal Concentration (mg/kg dry matter)

Sample Sample depth Sample
tocation from surface (cm) | Code Hg Cr Cu Ni Fe Mg Pb
Unplanted 5-15 DI | BDL | BDL | BOL | BOL | 1.81 | 0.70 | BOL
2535 Dz | BDL | BOL | BDL | BDL | 156 | 024 | BOL
45-55 D3 | BDL | BDL | BDL | BDL | 070 | 1.65 | 050
Unplanted 515 E1 BDL | BDL | BDL | 0.11 157 | 3.01 0.19
25-35 E2 | BOL | BOL | BDL | 002 | 160 | 368 | 028
45-55 E3 | BDL | BDL | BDL | BDL | 141 | 1.39 | 050
Planted 5-15 F1 BDL | BDL | BDOL | BDL | 142 | 243 | BDL
2535 FZ | BOL | BOL | BOL | 002 | 1.61 | 3.38 | BOL
| 45-55 F3 | BDL | BDL | BDL | BDL | 2.16 | 1.44 | 0.80
“Planted 515 G1 BOL | BDL | BDL | 0.05 | 141 | 360 | 0.86
25-35 G2 | BDL | BDL | BDL | BDL | 225 | 047 | BDL
4555 G3 | BDL | BDL | BDL | BOL | 1.77 | 155 | BDL
Planted 5-15 A1 | BDL | BDL | BDL | BDL | 1.45 ] 0.20 | BDL
~25.35 HZ | BDL | BDL | BDL | BOL | 2.10 | 1.62 | BDL
~45-55 H3 | BDL | BOL | BDL | BDL | 1.35 | 1.83 | BDL

BDL > 0.001 mg/kg

Biological Quality

Regardi'ng biolbgical quality indicators, Nematode was the only available test.
The test for nematodes carried out two times. More than 30 samples were
collected in both times and analyzed. The results show that only 3 samples
were positive (contaminatéd) while 27 were negative. However, it is
recommended that further analyses are required before permitting use of
siudge as soil fertilizer to ensure its safety regarding biological contamination.

8.12 Cost Analysis

Existing sludge drying beds in the Gaza treatment plant are operated by
loading sludge once every 20-30 days. The total volume of sludge loaded is
350 m® each time in a bed of 430 m? surface area. After drying, sludge is
removed using a "Bobcat", see photo 1.2 and transported in vehicles to a
solid waste dumpsite. Table 8.8 provides a cost comparison between reed
bed and conventional sludge drying bed. Cost analysis is based on the reed
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bed cycle of three years. Of this, 30 months is for ioading the reed bed and 6
months for accumulated sludge drying, harvesting and removal. For the
sludge drying bed, an average 25-day cycle is assumed for loading, drying
and sludge removal.

Calculations are based on sludge production of 400 m¥/day to estimate unit
capital and running costs for both systems. Cost assumptions are presented

in Table 8.7.

Table 8.7: Cost assumptions

Hydraulic loading (ma/day) - 400

| Construction cost of beds (US $/m? 400
Coét of‘l"and':rent__ (Us $fm2.yeé'r) : ' - 02

| Project life time- (years) , - 25
Labour cost (US $/month) - o 400
Bobcate (US $/m°) S o 1.5

' Tréﬁspbrtatiph cost 1o land fil (US $/m®)
Landfill charge {US $/m") |
Reed harvest cost (US $/m”) ‘ | 1.5

Pricing of siudge to farmers (US $/m" dry siudge 10

Cost analyses are presented in table 8.8 for reed bed and drying bed
systems. The author takes into consédera‘tiqn' the possibility of using sludge
from reed bed as soil feffilizer. It is assumed that the one m® of treated sludge
can be sold to the farmeré with 10 us $ compare wlit_h_ 14 US'$ the current
cost of ane m® of organic feftilizer. If siudge in the reed bed is distributed free
to the farmers, thé total cost of one m® of raw sludge qtreated by reed bed will
increase from 0.34 US $ to 0.5 US $ which stilt 50% of the total cost of using
conventional drying beds.
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Table 8.8: Cost Comparison

Reed bed Drying bed
1. Capital Cost System System
Hydraulic loading rate (cm/day) 2.9 3.2
Area required for construction { dunums) 13793 12500
Area for paths and roads 15% of construction area 2069 1875
Total area ( dunums} | 15862 14375
Construction cost (US §) 1379310 1256000
Rent cost per year (US $) 3172 2875
Construction cost per year (US §) 55172 50000
Total cost of construction and area (US $per year) 58345 52875
Unit cost (US $ per nt°) 0.40 0.36
2. Operational cost
it is assumed that siudge is removed from reed bed
system once every three years with over all
reduction of 98% of total volume while drying beds 12 60
are evacuated every 25 days with overall reduction of
90%. Cost is calculated for 400 m*/day
Transportation to landfill (US $) 80 -
Landfill charge (US $) 120
Reed harvest cost (US §) 23.82
Profit (US §) _ -60.00
Total unit operation (US § m_’) -0.06 0.65
Total cost (US $/m°) 0.34 1.01

8.13 Conclusions

Three years of studying a reed bed system for sludge treatment in the Gaza
Strip show that such system is more efficient than traditional sand drying
beds. Based on the pilot project, the following conclusions can be addressed:

Hydraulic load: Both planted and unplanted bed show that the best hydrautic
loading interval is every two weeks. 14 days between loading and another is
enough for infiltrating water and drying the surface of accumulated sludge
until cracks are developed. Pianted bed can be loaded with 40 cm every
application time (two weeks) on average, and 36 cm for unpianted. The two
beds show different in loading due to climatic changes. in summer conditions,
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hydraulic load reach 130% of the average load and in winter it is reduced to
70%.

Infiltration rate: Infiltration rate of both beds impacted significantly with
climatic conditions. In general, infiltration rate in summer is higher than in
winter. In planted bed 25% of hydraulic load is infiltrated in the first 24-hr of
hydraulic load and 20% of hydraulic load is infiltrated in the same time in the
unplanted bed.

- Evaporation/Evapotranspiration: Evapotranspiration of planted bed varies
from 254 mm/month in winter up to'_274 mm/month in summer while in
unplanted bed evaporation varies from 168 up to 233 mm/month. In planted
bed there is no significant change in evapotranspiration between summer and
winter, where in 'un_plantg-zd bed there is a signiﬂcant change.
Evapotranspiration rate of planted bed reéches 170% of Pan Evaporation and
evapbration rate of unplanted 'réaches 120% of Pan Evaporation.

Quality of drained water. In both planted and unplanted, there is a high |
removal ratio concerning suspended solids and COD. The planted bed is
mofe efficient than the unplanfed mainly for nitrification of nitrogen
components. The concentration of NO3 in drained water from planted bed is
higher than from unplanted bed. This is due to availability of oxygen in the
planted bed more than in the unplanted. -

Quality of accumulated sludge: analyses carried for accumulated sludge
show that sludge in both beds is free from heavy metals. This is dué o non-
existence of heavy meals in wastewater or raw sludge. Physical and chemical
quality indicate that, siudge is rich in organic matter, nitrogen and
phosphorous. Comparing such parameters with standards for sludge reuse in
agriculture is impressive. The pctassium concentration. is low which is
common in sludge. Biological analyses of accumulated sludge indicate that
sludge is free from helminthes but other tests are required to insure its
bacteriological safety for agriculture purposes.
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Cost analysis. Reed bed systems require approximately the same area
required for traditional drying beds if reed bed is designed for three years
cycle. The estimated capital costs is 0.40 US $ for treatment of one m® of raw
sludge using reed bed systems compare with 0.36 US § for traditional drying
beds. The operation and maintenance cost of reed bed is very low compare
with drying beds. The operational cost of reed bed is 0.1 US $/m® compared
with 0.65 US/m® for drying beds. If accumulated sludge in reed beds is used
'forjagriculture purposes and the farmers pay for sludge 70% of the cost of
organic fertilizers imported, the total cost of treatment and disposal of sludge
using reed bed is 0.34 US $/m® compare with 1.01 US $/m?® for drying beds.

8.14 Recommendations |

It is recommended to use reed bed system for sludge treatment in the Gaza
Strip and reuse of accumulated sludge for agricultural purposes. The
Palestinian institutions have to conduct fraining courses to wastewater
treatment plant operators regarding reed bed systems design, operation and
management. In the same time, a pilot 'pmjet:t regé_rding use of sludge in
agriculture has to be conducted and the Gaza farmers have to know how to
apply treated sludge in a safe way for their agricultural lands.
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CHAPTER 9
Research Implications and Proposals for

Implementation

9.1 Introduction .

Large quantities of sludge (400 m®/day aerobic sludge and 5000 m®/year
anaerobic sludge) are produced' in the Gaza Strip, which at present are
removed and spread on land adjacent to the wastewater treatment plants.
This is causing a number of environmental and health problems. Accumulated
sludge contaminates the ground water équifer, wind-blown distributions of
sludge particlés create a local public health hazard to residents, and these
particles also contaminate locally produced crops 'i.n the adjacent agricultural

areas. '

The main purpose of the study is to find a suitable sludge management policy,
which circumvents the current problems and provides a Iong-term affordable
method for the processing of siudge. |

This part of the study introduces the proposed management system for sludge
treatment and diSposaI in the Gaza Strip based on the theoretical and
practical work that has been carried out, and identifies proposals for further |
steps towards achieving the main goals of the research,

9.2 Sludge Treatment Technology

Reed bed systems for wastewater sludge treatment can match the needs df
the Gaza Strip. The performance of the system is‘promisihg compared with
traditional drying beds currently used in the Gaza wastewater freatment plant.
Despite its good performance and the significant level of treatment achieved,
many technical problems were encountered during the pilot project, and such
problems must be avoided or minimised in any real project that can be
constructed in the Gaza Strip or West Bank. This section sets out the steps for
reed bed design, operation and sludge disposal.
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9.2.1 Reed Bed System Cycle
The proposed cycle for the reed bed system is three years, This period is

divided into three intervals. The first interval is the first six months, which is
the period for establishing reed growth Duting this period, sludge with a solids
content of 0.4% can be applied to the bed. The second period is the following
two years, Wh!Ch is the main period for sludge dewatering. Sludge is applied
reqularly during this period with solids content of 1-2%. The third perrod is the
last six months, where accumulated sludge will be left to dry. At the end of the
'thtrd interval, three years after the start of the cycle accu mulated sludge can
be removed and used for.agriculture. '

The study concerning agrrcultural land use in the Gaza Stnp shows that, in
October and November each year, the farmers use organrc fertilrzer for their
Crops. To mtnrmize the storage period of treated sludge it is recommended
that the cycle should start rn September and fi msh three years jater, also in
September. ‘.t'he cycle can be as

Frgure 9 1: Reed Bed Cycle

follows, artd‘as illustrated in Figure
9.1 AR
First  interval; the first six months

from September till February of the
following year. o

Second interval: the following two
years. - | |
Third interval: from February (two

and a half years after the start of the
Frrst interval) till August of the same .
year. This is the drying period. After this period reeds can be harvested and
sludge removed to be used for agriculture purposes, and a new cycle can
start.

9.2.2 Hydraulic Loading Rates and Intervals
The two years (the Second Interval) after the six initial months are the main
effective time for loading the beds. The current research has shown that the
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best loading is once every two weeks with an average of 40 cm/m? for each
application (every two weeks) depending of sludge solids content. There will
be significant seasonal variations in hydraulic loads because of higher
evaporation and infiltration rates during summer months. The summer ioad is

approximately 1.3 times the average load while the winter load is 0.7 times the
average. After two years of loading, the bed can be left to dry for six months
before harvesting the reeds and removing the accumulated sludge.

The author made an estimation of the area required for reed bed system
based on solids !oadmg The average sollds load is 7.5 kg solids/month. The
area required for reed bed design system can be estimated according to the

following formula:

oxSS
168

- Where;

A=

4 = Area of reed bed system (m?)
0 = Average sludge flow m*/day

$S = Sludge solids concentration mg/l

The equation is based on winter conditions where loading is 0.7 times the
average and has been checked for summer conditions when one third of the

area is out of service due to sludge drying and sludge loading is 1.3 times the

average.

9.2.3 Design Aspects of Reed Bed Systems

The system used in the pilot project achieved good performance regarding
hydraulic load and accumulated sludge quality. To improve the efficiency of
the system however, two issues need to be improved in the design of a new

system.

The area of the reed bed close to the perforated effluent pipe performed
better, achieving better treatment in regard to sludge quality, and reed density
and health. This is believed to be due to subsurface ventilation provided by
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the perforated drainage pipe, which is directly open ito the atmosphere.
Lienard et al. (1990, 1995) stated that reed beds treating sludge require a
passive ventilation system to avoid anaerobic conditions in the root zone.
Providing the reed bed system with ventilation pipes may increase the oxygen
transfer to the system bed, improve the biodegradability of the accumulated
sludge, and improve the growth and health of the reeds. Unfortunately it was
not possible to study the effect of increased subsurface ventilation during the
pilot project, except in the vicinity of the perforated drainage pipe. Based on
these observations, it is recommended to provide a full-scale system with
vertical open pipes of 4" (200 mm) diameter at 2 m centres. The ventilation
pipes will extend 10 cm below the boftom of the 'sand layer, and the top of the
pipes will be 1.5 metres above thé sand layer. The sand layer has a depth of
20 cm and the total iength of the pipe would therefore be 180 cm. |

Second, it is recommended to design a bed which has only one inclined side.
A single inclined side is enough to aliow for sludge loading and evacuation of

. accumulated sludge using mechanical equipment. Other sides can be vertical,

making construction easier and making more efficient use of the land area
available. The bed base area can be between 200 and 400 m? and the
arrangements of beds can be as shown in Figure 9.2,

Figure 9.2 shows a plan view and section for a possible arrangement of reed
beds, each measuring 10 m by 20 m. The beds are 1.5 deep. and are
separated by vertical concrete walls. One side of each bed has a slope of 1:3,
and the other three sides are vertical. The section also shows the bed layers
below the sfudge. | |

9.2.4 Reed Planting and Growth

Reeds can be planted at a density of one plant every 30 cm in both directions
and can be irrigated in the first six month with raw sludge having a suspended
solids content of 0.3-0.5%. Sludge can be loaded one to two times per week
in the first six months to ensure saturation of the bed. The operator has to pay
attention to reed growth rate and reed health. Hydraulic load and raw sludge
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quality (Suspended Solids) are the main operational factors that an operator

can use to keep reeds in good conditions. The operator has to avoid any
shock loads, which could affect the growth of reeds during the initial six-month

period.
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Figure 9.2: Reed Bed System, Layout and cross
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9.2.5 Reed Harvesting

Due to weather conditions in Palestine, reeds grow well throughout the year
and do not die back in any season. This means that annual harvesting of
reeds is not required. Some reeds may die back and dry in winter time, but
there is no need to harvest these. Harvesting is only required at the end of the
cycle (every 3 years), and can be carried out manually as residents of the
Gaza Strip are familiar with reed harvesting. Harvested reed can be used by
residents fo'f making shelters to provide shade from the sun, can be burned,
or transported to a dump site. The author recommends making use of the
reeds, which can be more than 4 m long. Precautions would be necessary to
minimise the‘possible health risks associated with handling reeds grown in
wastewater sludge.

9.2.6 Accumulated Sludge
" The accumulated sludge can be removed using mechanical equment then
mixed and graded before belng sold to farmers. The institution selllng the

sludge would need to carry out phy5|cal chemical and blolog:cal analyses of

the sludge to ensure that it complies with relevant Palestinian standards,

9.3 Sludge Disposal

Palestinians are’ mtended to reuse treated sludge for agrlcultural purposes.
This section sets out a proposal for the responsibilities and roles of relevant
Palestinian institutions, and recommends administrative procedures for sludge -
use in agriculture. The author reviewed the existing roles and responsibilities
of concern Palestinian institutions and conducted various meeting with many
stakeholders to investigate the poésibse responsfbi!-iﬁes of the relevant

authorities.

8.3.1 Proposed Roles and Responsibilities of Relevant Authorities .

This section sets out the proposed roles and responsibiliies of relevant
authorities. These proposals are considered to be realistic as similar roles and
responsibilities have already been recommended within the framework of a
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project "Policy guidelines for sustainable wastewater management in the
Gaza Strip” (UG, 2002).

Palestinian Water Authority (PWA) ‘

The Palestinian Water Authority has various important roles for future sludge

management in the Gaza Strip. The proposed roles of PWA are summarized -

in the following points: |
- PWA is responsible for the strategic planning for the reuse of treated

sludge |

PWA issues licenses related to the operation of facilities for sludge
treatment and disposal

PWA gives permission for the use of treated sludge and application of
treated sludge to land as fertilizer.

PWA monitors the qualityand quantity of treated sludge.

For the reuse of treated sludge PWA is working in close cooperation with
other stakeho}ders mainly the Palestinian Environmental Quahty Authority,
the Ministry of Health and the Ministry of Agriculture. -

PWA can delegate special defined tasks to the Coastal MUnICIpaI Water
Utitity,

Palestinian Environmental Quality Authority (EQA)
The proposed responsibilities of the EQA regarding sludge management are
“summarized in the following activities:

EQA sets the standards, which are related to the conservation and
protection of the environmeni. These include standards for reuse of treated
sludge. N

EQA has responsibility for checking and approving Envnronmental
Assessments,

EQA has to monitor various environmental aspects, such as groundwater,
soil, etc.
Ministry of Health (MoH)
MoH will set standards, which are related to public health. These include the
standards for the use of treated sludge in the environment, which affects the
quality of agricultural crops grown using, treated sludge as a fertitizer. Such
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standards do not exist at present, but the MoH have the responsibility for
drafting such standards.

Ministry of Agriculture (MoA)
MoA will be one of the main stakeholders for sludge use in agriculture and the
Ministry has many roles to play in the future, such as:

The MoA supervises all activities which are related to the use of treated
sludge as a fertilizer.

The MoA responsible for selecting appropriate locations for land
application of sludge.

The MoA responsible for determining the appropriate technology for
sludge application to land. ) _

The MoA carries out public awareness campaigns about agricultural
practices and safety aspects for farmers and consumers.

Coastal Municipal Water Utility (CMWU)
The CMWU was intended to start in 1999 but the start has been delayed
because of the uncertain political conditions. The main proposed roles of
CMWU are summarized in the following points:
~ The CMWU will have responsibility for design, construction, operation and
maintenance of water services, including facilities for wastewater collection
and freatment, and sludge treatment.

"~ The CMWU is local government owned, with community representation on
the board. CMWU will be administratively and fiscally autonomous, although
sludge use in agriculture will be licensed and monitored by PWA.

Committee for the Reuse of Treated Siudge

The EQA formulated a commitiee to set the standards and guideiineé for
sludge use in agriculture, The committee consists of representatives from
PWA, EQA, MoH, MoA, Palestine Institute for Standardisation and
Measurement (PSI), Municipalities, and Local Universities. This organisation
can contribute to developing guidelines because they employ qualified staff
and represent most of the governmental institutions closely involved in
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environmental aspects of sludge management. Academic institutions are also
represented on the committee.

Guidelines for the reuse of treated s!udge shall be prepared and reviewed by
the committee every four years, taking into consideration the local conditions
(e.g., climate, topography, hydro-geolbgical sifuation) to assure the social and
economical devélopment in the Gaza-Strip. The review process will provide
‘opportunity for the committee to revise the guidelines based on experience

gained.

9.3.2 Administrative Procedures _

Reuse of treated sludge in agricultural purposes requires approval from the
relevant instit'utions..i'n the Gaza Strip. The following points describe the
-suggested procedure for obtaining approval, and the mdnitoring programme
re_quiréd. The Palestinian relevant institutions have to agree .among each
.~ other about these: principles, and the existing formulated committee can
 facilitate such agreement, | | |

- Application for Approval

As for any environmental project, the proponent has to submit an application
for environmental approval to the Environmental Quality Authority (EQA). The
_proposed approvél ‘prot:ess' follows the Envikonmental Assessment
administrative procedures as described in the “Palestinian Environmental -
Assessment Policy” (EQA, 1999).

Permission and License

After environmental approval the prbponent will receive permission or a
license from PWA fo implement the sludge reuse project according to the
requiremehts. The permission for using treated sludge for land application is
issued by PWA in coordination with MoA. The required application forms and
administrative procedures are prepared by PWA,

Supervision

It is proposed that PWA would have responsibility for the supervision of the
technical, financial and operational issues of the sludge reuse facilities,
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especially the compliance with the conditions and requirements that have
been issued. These may be in connection with the permission or the license of
the facility, general guidelines applicable to the license, or other relevant laws
and regulations.

o - PWA shall check the compliance with the chemical and micro-biological
standards of the sludge, for use as a soil fertilizer, either at the place of
the use or the place of regular storage. Samples shall have to be
taken, stored and analyzed.

« EQA would be responsible for the supervision of the environmental
issues of the siudge reuse facilities.

¢ MoH would- be responsible for the supervision of public health with
regard to the consumption of food products that have been fertilized
with treated sludge. It is also responsible for the safety of employees
who work ih facilities for the treatment or reuse of sludge.

Authorities having relevant responsibility for aspects of sludge- management
require legal authority to enter companies and properties at any time or
enforce entrance with police assistance. The operator of the facility must
cooperate and provide any support required, and has to allow the authority to
look at specified documents.

Moenitoring of Wastewater, Groundwater, Soil, Products and Human
Health | |

A comprehensive monitoring programme is required to ensure that a proper
treatment of sludge is achieved, and environmental degradation does not
occur. Minimizing adverse health impacts on concerned parties and, at the
same time, increasing agricultural production in a sustainable manner with
complete health and environmental safety are the main objective of
monitoring. Helminth eggs are of particular importance, as these can survive
for long periods (see Table 5.6). The following need to be monitored:
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1. Raw sludge quality (concerning heavy metals, pathogenic contamination,
etc.)

2. Groundwater {concerning chemical, physical and microbiological quality
mainly salinity and analysis for pathogenic organisms)

3. Soil (concerning physical and chemical praperties of soil)

4. Quality of products (concemlng posslble btologtcal contamination and
heavy metat accumulation)

5. Human health (concerning possible brologtcal contamlnatron)

Samplmg, Analysrs and Conservatron
Samplrng, analyses and conservatton should be carned out accordlng to Draft
Palestrman Standards for sludge reuse as fertilizer, as described in chapter 5.

9, 4 Future Plans .

‘A reed bed system could be a good optlon for sludge dewatermg and
treatment for the specrf c condltrons of the Gaza Strrp Applrcatron of such a
system, together w1th reuse of treated sludge for agrrculture purposes requrres

- further steps to extend the research work whlch has been carrled wrthtn the -

| context of thls prlot study Any future plans for full-scale facrlrtles would requnre
trarnrng of the treatment ptant operators in how to operate reed bed systems'
and how to manage a reed bed system most effectrvely At the same time, a
prtot project for sludge reuse in agnculture is requrred to trarn the tarmers in

‘how to deat wrth treated sludge and how to handle studge to avoid- any
env1ronmental health problems The followmg section speches the tramrng_
requ:red to establtsh afull and clear system for sludge treatment and drsposal
inthe: Gaza Stnp '

9.4.1 Operator training _

The operators of treatment plant have to improve their skills and be capable in
Operattng reed bed systems. Training objectives, targeted groups and training
topics are summarised in the following points:
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Tréining Objectives:

To enhance skills of treatment plant operators in reed bed system operation
and monitoring. This will improve the capacity of operators to operate and
maintain a reed bed system safely and 1o achieve good performance.

- Target group:
Operators of treatment plants in the Gaza Strip Municipalities
Engineers from PWA, MoA, MoH and the Palestinian Environment
Quality Authority (EQA)

Main topics:
Reed bed systems {operating principles, design and performance)
Rodutine operétion and maintenance
Operational problems
Monitoring |
Evaluation and report writing

Organization _

The Palestinian Water Authority, in cooperation with Gaza Municipality and
other institutions, can organize the training. Experienced staff from local
universities would prbvide training, with support from external trainers as

necessary. .

9.4.2 Farmers' Awareness

it is the evident that the level of awareness of farmers regarding
environmental issues is quite low. One of the important issues is to raise
-awareness and motivate farmers to participate in sludge management plan,
Through this scheme, farmers will be educated about the quality of sludge, the
health and environment effects of sludge reuse in agriculture, and the proper
methods of sludge handling. The mechanism for conducting such activities will
be through a demonstration programme using treated sludge and training
farmers in how to deal with sludge.
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Organisation
The activities could be carried out through a local NGO that has experience of

conducting awareness campaigns. One such NGO is the Palestinian
Agriculture Relief Committee (PARC). The NGO would work in cooperation
‘with other relevant Palestinian institutions such as the PWA, Ministry of
Agriculture, Miniétry of Health and the Palestinian Environment Quality

Authority.
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CHAPTER 11

Conclusions and Recommendations

The study aimed to establish a proper sludge management in the Gaza Strip
that can protect the degraded environment and provide material suitable for
use as a soil fertilizer. The sludge treatment system has to take into
consideration the scarcity of land, limited ablhty of residents to pay for
treatment and the available human resources. '

The research methodology adopted at the beginning of the work has been
followed. All activities proposed for conducting the research have been carried
out in both Palestine and UK. In some periods of the project, the author was
not able to monitor the project as intended because of the security situation
and the proximity of the pilot project location to Israeli settlements. Despite
such interruptions, the aims of the project have been achieved to an
acceptable level. |

In .cha'pt'er 2 the research hypothesis was stated as: "Reed bed technology for
wastewater sludge treatment can be demonstrated to be a feasible solution
based on the constraints of land area, climatic conditions, and the social,
political, and economical situation in the Gaza Strip". This research has
demonstfated that sludge treatment using reed beds is possible based on the
following factors:

Land area: the required land for sludge treatment using reed bed system is
ﬁearly the same as for conventional drying beds. The final product can be
used for agricultural purposes, which means no land need be required for land
filling as in the conventional drying beds. in total, land area required for
treatment and disposal of sludge using reed beds is less than the area
required for sludge treatment using conventional drying beds.
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Climatic conditions: A reed bed system can be operated through the year as
reeds cope with summer and winter conditions in the Gaza Strip. The system
has to be designed to the worst conditions (winter times).

Social: farmers in the Gaza Strip are willing to use treated sludge for their
agricuttural land, and they consider sludge a good alternative to imported
organic fertilizers.

Political: reed bed systems do not require any mechanical equipment or
chemical substances for operation and maintenance. Imports of such
materials are difficult in the current political situation. The produced sludge
can partially compensate the scarcity of organic fertilizers which are difficult to
import at the required periods.

Economical. A reed bed system is inexpensive compared with conventional
drying beds. The cost of treatment and disposal of sludge using reed bed
- system is 50% less than for conventional drying beds. This is attractive in the
Gaza'Strip where the capacity of residents to pay for treatment is Ii.mited
mainly due to the current political situ_aticn. Treated sludge can be sold to the
farmers which will hélp to offset the costs of sludge treatment.

Several conclusions and recommendations have been made based on the
three years project studying the reed bed for sludge treatment and review the .
available documents and investigating the social, institutional and financial
aspects of sludge management in thé Gaza Strip. |

11.1 Conclusions
Based on the three years research, pilot project monitoring and data collection
and anzlyses, the following conclusions are addressed:

1. The existing treatment plants in the Gaza Strip provide [imited
treatment; this is due to overloading, poor management and fimited
resources. The new development in the area sharply increases the
quantity of wastewater and increases the problems at the treatment
plants.
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2. Existing sludge management and handling is unsatisfactory and
improved management is required to protect the degraded environment
in the Gaza Strip. More than 50,000 m® of anaerobic sludge Is
generated yearly in the Gaza Strip and 400 m%day of aerobic sludge.
Sludge removed from stabilization ponds or sedimentation tanks is -
disposed into open'areas inside the treatment plaknts. Such huge
amounts of siudge poliute the surrounding agricultural fand, the
groundwater aquifer, and impacts on the health of residents who live
close to the treatment plants. ,

3. The future plans in the area are to construct three main wastewater
treatment plants to serve the entire Gaza Strip. It is intended to use
oxidation ditches as the treatment technology instead of the existing
stabilizatidn ponds and aerated lagoo'ns. Based on that, more than
55,740 kg/day of dry mass are estimated to be generated as sI'udge by
year 2025 with a total volume of 3,716 m°. ‘

4. Previous and cumrent analyses of wastewater and sludge in the Gaza
Strip show that it is relatiVély free of contamination by heavy metals.
This is due to the limited number of industries, and the fact that most
wastewater is from domestic sources. This suggests that the treated
wastewater and sludge could be applied to crops with minimal risk of
heavy metal accumulation.

5. The previous worldwide experience of reed beds and the pitot project
carried out in the Gaza Strip conditions for three years monitoring -
demonstrate that a reed bed system for sludge treatment in the Gaza
Strip is the optimum system in r_e‘g&rds to technical, environmental and
financial analyses. A reed bed system can be operated for three year
cycles with an average hydraulic loading rate of 2.9 cm/day, with
sludge being appl-ied once every two weeks. The estimated capital
costs show that 0.40 US §$ is required as a capital cost for treatment of
one m® of raw sludge using a reed bed system, compared with 0.36 US
$ for traditional drying beds. The operation and maintenance costs of
reed beds are very low compared with drying beds. The operational
cost of a reed bed is 0.1 US $/m® compared with 0.65 US/m® for drying
heds. If accumulated sludge in reed beds is used for agricultural
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purposes, and the farmers pay for sludge, at 70% of the cost of
imported organic fertilizers, the total cost (including capital cost) of
treatment and disposal of sludge using reed beds is 0.33 US $/m°
compared with 1.01 US $/m* for drying beds.

6. The volume of dry sludge accumulated in a reed bed system after three:
years is only 3.1% of that for raw sludgel. Treated sludge that require
removal from beds by the year 2025 (if reed beds are used in the Gaza
Strip) is approximately 42,047 m®/year (12,817 tonnef/year as dry
matter), which is 5.8% of the quantity of imported organic fertilizers
required. Treated sludge from the Gaza Strip is rich in organic matter
and nutrients and free from heavy metals, which is favoured when
using sludge for agricultural purposes. Biological quality analyses
indicated that sludge is safe even though more biological analyses are
required to guarantee the safety of sludge use in agriculture.
Accumulated sludge in reed bed systéms is odourless due to
mineralization and composting which make it attractive for use by
farmers. ' .

7. The total cultivated land in the Gaza Strip is 177,000 dunums, which
requires 795,000 m® of organic fertilizer per year. The local production
of organic fertilizer in the Gaza Strip is 66,800 m®year, which is only
8.5% of the required quantities. This means that farmers have to import
728,000 m® of organic fertilizer per year, which costs around
10,200,000 US § per year. ‘ |

8. The drafted Palestinian standards regarding sludge use in agriculture
promotes use of sludge for trees (citrus fruits, olives) and field crops |
(cereals) with no more than one tonne per dunum per year. The size of
land for such crops in the Gaza Strip is 111,927 dunum. Treated
sludge generated (12,817 tonnefyear by the year 2025) covers only
11.5% of the total agricultural area where sludge use is permitted. This
means that sludge has a potential to be used in agriculture if it is
treated well and accepted by farmers.

- 9. The farmers in the Gaza Strip are willing to use treated sludge in their
farms. The main concern of farmers is the quality of sludge and its
impact on crop production. The scarcity of organic fertilizers and their
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high prices could encourage farmers o use treated sludge instead of
importing organic fertilizers. At the same time, farmers are willing to
pay for treated sludge, and their willingness is based cn sludge quality
compared with available organic fertilizers. The previous limited
experience of using partially treated sludge in the Gaza Strip promotes
the farmers'’ willingness to use tfeated sludge. The farmers share the
sarhe concern as Palestinian institutions in preferring sludge to be used
for trees and field crops and not to be used‘fo_r' thét‘ may be eaten
uncooked crops or vegetables. '

10.The Palestinian environmental institutions pay aitention to the

environmental impact of sludge and they are willing to protect the
degraded “environment in Palestine thrqugh-es_tablishing a proper

_sludgé management 'system. The Palestinians "a's -all' regional and
international countries intend to use final treated sludge in agriculture.

Draft Palestinian standards and guidelines are under preparation by
many, Palestinian institutions. The draft standards take into
consideration the regional and ihter-nat_io’na! standards and the special .

situation of Palestinian condi_tibns.'The guidelines aim to dé_termine and
specify the” proper management of sludge treatment and reuse in

agricultural purposes.

11.2 Recommendations |
The research is a ﬁrs_t step towards establishing a sustainable sludge

mahagement s'ystem._-iﬁ Palestine. Many furth’é_r technical, social, institutional

and academic steps are required in the short afid medium terms to ensure the
sustainability of the system. The author recommends the following points as
required steps towards achievement of proper siudge management:

1. The existing sludge drying beds have to be converted to reed bed

systems with modifications proposed in article 10.2. Retrofit of drying
beds into reed beds is easy and not costly.

. A training programme regarding design, operation and management of

reed bed systems has to be delivered to treatment plant operators.
Such ftraining can be carried out using local human resources, and
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strengthened by international experience. The pilot project can be used
as a demonstration project for such training.

3. A public awareness programme for farmers has to be initiated. The aim
of such a programme is to increase the awareness of farmers about
the impact of using sludge in agricultural areas and the safest method
of sludge handling. The programmes can be run through agricultural
organizations in cooperation with the Palestinian Ministry of Agriculture
and the Environmental Quality Authority. The existing accumulated
sludge in the reed bed of the pilot project can be used for
demonstration purposes. Brochures and leaflets have to be produced
and disseminated among the Palestinian farmers.

4. The Palestinian Environmental Quality 'Authority has to establish a
comprehensive monitoring. program. The monitoring program will
consider the impact of using sludge on health, soil and water
resources. Such a programme has to be a long-term programme and
should be conducted in co-operation with local academic institutions
such as universities.

5. The current research did not cover all design and operational aspects
of reed bed systems. The Palestinian academic institutions have to
follow up the research through monitoring any new reed bed system in
Palestine and study the system for more than three years.

6. Privatization of sludge treatment and reuse has to be one of the
Palestinian aims. The quality of raw sludge in the Gaza Strip and the '
climatic conditions could make the reed bed system for sludge
treatment attractive for investors to make a profit.

7; The Palestinian institutions have tbl monitor the wastewater in the Gaza
Strip and protect the municipal wastewater from any industrial
wastewater which could be a source of heavy metal pollution that will
impact negatively the potential of using sludge in agricultural purposes.
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Appendix A
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Table Al: flow & 24-hr infiltration vs. time

Planfed Non Planted
"Flow | 24-hrinf. | Flow | 24-hrinf.
Time m’ m m’ m>
05/06/2000 | 24 7.6 19 2.3
12/06/2000 | 17 3.7 17 14.2
29/06/2000 | 29 15 23 18.8
16/07/2000 | 22 15.1 25 17.6
26/07/2000 | 41 18,7 ar | 2
02/08/2000 | 40 5.3 | 41 17.6_
16/08/2000 [ 33 10.3 33 174
27/08/2000{ 20 | 85 | 22 111
03/09/2000f . 25 | 118 | 27 1 162
18/09/2000 | 32 | 119 32 | 112
0171072000 | 32| 86 |30 | 102
14102000 | - 32- | 71 | 30| 22
29/10/2000 | 38 3 37 1 35
12/11/2000 | 31 | 2. 32 24
08/02/2001 | 34 | |
. 14/02/2001: | - 42 17.7
20/02/2001 | 36 | - 15.3
28/02/2001 | 53 |- 21 | .50
_18/03/2001 | 26 - | 136"
_ 27/03/2001 | 26 .| 8.2
02042001\ 26 | 8 |
09/04/2001 1 26 V|- 48 | 26 | .
_16/04/2001 1. 74 | 206 | 83 |
23/0472001 | 0. | 207 | 14
120502000 ) 27 | | 22
16052001 | 26 1| 15 | 19 11
2110572001 1 99 | . 18 69 | -6
2052001 70 | 12 | 73 6
05062001 | 68 | 10 | 62 | 6
162001 70 L. 14 | 68 6
__09/07/2001° | 12 - |
_16/07/2001 |+ 13
24/07/2001 |~ 9 13
© 07/08/200% | 106 12 140 7
13/08/2001 | 97 9 53 6
231082001 106 2 86 11
26/08/2001 | 48 14 51 10
02/08/2001 | 40 52 66 9
16/09/2001 | 83 | 314 85 16
16/10/2001 | 78 16 102 6
04/11/3001 | 50 60 14,
02/12/2001 | 95 24 80 5
25/12/2001 | 98 10 112 2
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Table Al continue

Planted Non Planted
Flow | 24-brinf, | Flow | 24-hrinf.
Time m m m’ m
06/01/2002 | 69 6 72 9
27/01/2002 | 63 9.9 63 6
10/02/2002 | 64 4 64 4
26/02/2002 | 80.6 4.3 57 6
11/03/2002 | 90 13 90 14
24/03/2002 | 57 5.1 39 2
08/04/2002 | 54 7 42 5
27/04/2002 | 71,7 10.7 64 7
21/05/2002 | 50 2 75 1
02/06/2002 | 106 28.4 90 11
15/06/2002 | 115 24.5 148 9
30/06/2002 | 235 40 157 19
14/07/2002 | 117 19 117 30
28/07/2002 1 172 34 157 20
11/08/2002 | 162 32 154
25/08/2002 | 160 20 130 10

Table A2: Hydraulic load & infiltrated water quantity vs. time

Flowm® Infiltrate m*
Month | Planted | Unplanted | Planted | Unplanted
05/00 | 271 95 230 55.2
06/00 187 174 150 122,2
07/00 223 225 165 155.7
08/00 220 229 143.3 184.9
09/00 154 158 110.2 130.9
10/00 290 280 223.1 242.5
11/00 - 178 173 134.4 106.1
12/00 88 82
3/01 105 50
4/01 176 123
5/01 152 110 60 44
6/01 138 130 61 60
7/01 34 13 '
8/01 360 330 168.6 135
9/01 123 152 119.3 132
10/01 78 102 40.1 47
11/01 50 60 34
12/01 193 192 77.2 89
1/02 132 135 148.8 143
2/02 225 190 72.6 48
3/02 241 151.5 69.4 73
4/02 125.7 106 | 50 47
5/02 50 75 13.8 5
6/02 456 395 £0.5 56
7/02 269 274 124 81
8/02 322 284 287 96
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Table A3: Accumulated sludge height vs. time

Height of Volume of
accumulated sludge accumulated sludge
cm . om
Time Planted | Unplanted- | Planted | Unplanted
12/5/01 0.3 0.24 83.672 | 7048717
22/8/01 0.38 . 0.37 | 101.6106 | 99.34569
16/9/01 0.55 0451 141.1183 | 117.6478 -
4/11/01 0.53 0.5 1363709 | .~ 1203
27/1/02 0.58 - 0.61 | 1482895 | 155.5214
2/6/02 07! - 0.66] 177.584 | 167.7101
30/8/02 | - 0.8 0.75 | 202.752 | 190.0813
25/10/02 | - 0.67 . 0.68 | 170.1683 | 172.6333%
15/1/03 06 .- 06

153,104 153.104

~ Table A4: Meteorological Data of the Gaza City 2000

Parameter ~ |Jan . |Feb {Mar {Apr |[May {Jun [Jul |Aug [Sep [O¢t [Nov |Dec
Mean Temp.. T30 [138 |18 195 [2L1 |248 |273 [275 260 [220 |198 [158
Mean Max 1166 172 [17.7 |22 [23.8 |27.5 |31.2 {300 (286 (255 |23.0 [i89
temp °C _ g _ _ | .
Mean Min. |98 100|115 [159 [17.8 [217 |160 |245 [228 |19 |[159 [i26
Temp °C . 1 , | . 1 .
RH% |68 68 |71 |69 T2 75 5N 70 65 {59 72
Evaporation |8 78 |13 |12 [161 |17 180 [183 |53 [136 |14l |08
(mm) . , _ ' _
Rainfall 213 41 (27 [0 [0 |0 0 0 1. [132 |18 . [133
(mm) -
Table A5: Meteorological Data of the Gaza City 2001 ,
Parameter {Jan {Feb [Mar | Apr {May |Jun |Jul | Aug |Sep | Oct | Nov | Dec
Mean Temp, | 184 | 182 | 214 | 234 | 247 | 267 | 289 | 299 | 287 | 265 | 228 | 189
Mezan Max 108 | 108 | 148 | 164 | 187 | 217 | 23.2 | 245 | 233 | 203 | 15.6 | 14.8
temp °C B :

- [Mean Min. 147 | 145 | 181 | 190 | 21.8 | 248 | 264 | 27.7 | 262 | 240 | 195 | 159

| Temp °C | :

RH % 57 68 | 74 | 6 | 721 73 | 76 | 72 | 69 | 6 | 65 | 66
Evaporation | 1157 | 106 | 146 | 1526 | 1786 | 2509 | 201 | 211 | 1842 [ 155 | 114 [ 953
(mrh) i
Rainfall 1304 | 532 | 105 | 35 | 27 | 00 | 0.0 | 0.0 | 00 | 144 | 23.7 | 1983
(mm)
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Table A6: Meteorological Data of the Gaza City 2002

Parameter Jan |Feb | Mar j Apr [May [Jun {Jul | Aug [Sep | Oct {Nov | Dec
Mean Temp. 159 | 183 [ 205 { 21.8 | 231 | 270 | 29.7 | 30.0 [ 28.6 | 26.1 | 241 | 194
°C ‘

Mean Max 9.5 | 122 1 140 | 156 {181 | 21,7 | 245 | 249 | 232 | 213 | 17.3 | 13.
temp °C - :

Mean Min. 12.8 157 { 17.6 | 189 § 209 | 247 ¢} 274 | 278 | 265 | 243 | 21.1- | 163
Terp °C

RH % 69 | 69 [ 70 | 68 | 74 [ 73 | 75 | 7t | 76 | 70 | 54 | 66
Evaporation 962 | 95.8 | 118.8 | 1356 } 1715 | 1858 § 190.2 | 173.3 | 1229 | 1017 79 138.1
(mm) ~

Rainfall (mm) [2024] 17.8 [ 1.8 /121 ] 66 | 0.0 | 0.0 | 00 | 00 | 388 [764 | 1632
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Table A7: Quality of accumulated shudge
sample mass ‘ . ' N E ) -

no ‘) p25ml | belminthes | WI T] W2 w3 -EC/s pH c " Na K__| Color Hg |. Cr Cu " Ni Fe Mg Pb

U3 Lo 14.96 | Negative | 32.396.) 41.68) |.37.588 | 3000 | 69 165 | 1384 | 337 | gy | wit } it Wl 03341 013 il

S5 | b 16.99 | Nepative. | 32.316 | 41636 | 3783 | 3130 |- 73 | 235 | 982 | 205 { black. |- M| mt | nil nl 102970044 nil
S| m 17.72 | Nepative | 20388 | 20783 | 26481 | 2920 | 72 | 165 | 733 1 160 | gey | ™ nit j - mil ml10132] 031 0.11
_3 L 15,15 | Negative [ 31720 [ 41035 | 37502 | 3160 | 70 | 255 ' 135 | 245 [ gey | " | M poml f g0p [0293) 056 0.036
2E B 15.98 | Nepative | 19.454 | 28992 | 26387 | 2780 | 7t 1 130 | 814 | 142 | grey | M il nil 0004 | 0323 | 0.76 0.054
ol 1486 | Negative [ 35247 | 44501 | 4082 | 310 | 7.0 | 305 f 9908 [ 163 [ prey | Wl | wil | mil ml 10263 026 0094

7 LFI 1633 | Negative | 20.930') 30201 ) 2638 | 3060 | 72 | 255 7| a5 | 318 | gey | M | ml ) ml [ il §0363 [ 045 il

Plm 149 | Negative [ 20224 | 20551 {25494 | 2740 | 74| 200} 1087 302 { gey | M | mit 3 ml o000 [ 03 | 063 il
> rs 15.14 | positive - | 32041 | 4rd02 | 37.55 | 2870 [ 72 | 20 | 103 | 253 | theck [ 1 | il ] el ony | 0404 | 027 015

7 L@ 1525 | Negative | 20149 | 30458 | 26745 | 3150 | 69 |' 190 | 1047 | 22 | back | ™ ont)-osd § oo ]0.263 | 067 0.16

5la 173 | Negative . | 325 | 41033 | 3864 [ 2670 [ 68 | 145 |-797 | 131 | gey | M | mit | omil j mil 704750088 nil

=@ 11676 | Nepative | 12,723 | 22086 | 18608 | 3040 | 72 | 170 | 846 | 14 | gey |- M wil il ml10331] 029 . nil

2 [ 1626 | Negative | 18.505 | 27818 | 24008 | 2820 | 69 -] 150 | 1004 | ‘287 | gey | oWl | onil | wl § nil | 937 |0,037 nil

£ [ 1541 | Negative . | 31.612 | 40568 } 37208 | 2850 |- 7 | 210 ) 71 ] 193 | bmex | " ] Wil | wl | Al ]0377) 029  nil

®Lm 15.39 | Nepative | 33331 | 42636 | 38691 | 2820 | 71 | 180 | 902 | 241 | bhack | M | “mil | omilt | ol 10252 | 034 nil

g [ 624 | Negative | 3284 {42079 | 36012 | 2800 |“ 67 | tas | isos | as | ey | ™ | ™ F ™ ] " 1034|022 il

3« R 1403 | positive | 52345 | 61.66 | 58067 | 3390 | 70 | 355 | 1344 | 155 | tlack |. 0Pl .| ed nit {-nil To4sg | 042  mil
pEEg [N 1657 | Negative | 32112 | 41459.] 37.683 | 2850 | 21 | 340 | 1449 | 35 | ptaek § o owl | 6w ] 4y [0293) 021 0039

s Al 1666 | Negative | 20.576 | 20979 | 27277 | 2790 | 7.0} 205 | 73 | 148 | gey | ™ | ™ | w | 9005 | 0.209 | 042 _ nil

Appendix A: Pilot Project Data

A.S




Table A8: Quality of raw sludge & infilirated water

188 - D5 EC coD TKN ___pH PO4
TFime Shudpe T d | planted | Sindge planted 1 planted | Studpe plamted | planted | Sludpe planted ) olanted } Slndpe | woplanted | placted | Studge | unplanted ) planted | Shedpe planted { planted
|_08/06/2000 15060 7 1916 1915
18/06/2000 2940 13 14 1 6I.2 2707 2182 3400 150 155
26/06/2600 5540 s 18 1528 Fixy 2534 6000 108 109
02/072000 2480 10 14 1264 1958 2306 2425 105 t00
2MGT/2000 3080 i1l 1 1510 2589 2765 1.00 p R L 4.49 226 113
26/07/2000 SRRO 15 23 317 108 172 308 186 23
P&DB#!DM 5040 9 5 1500 2487 2733 3.11 3.54 4.4 4300 138 91
271082000 i 4.14 4.61 5680 108 138
L!BIOR'ZOUO iy 4.16 518
07/09/2000 1290 8 7 14%0 2| &i 2704 XY 39 484 1424 A2 &1 T 10.64 56 1.713 6.83 6.86 174 11.47 o9
21/09/2000 13020 6 10 32 173 4.69 11690 9 66 | 95247 10.64 0 1.56 6.57 6.6% 7.12 1341 922
QRAOI000 1100 2 1] 103 1989 4.4 462 308 SL30 67 75 196 15.41 23 7.83 591 6.9 868 15 20
2200/2000 | 29780 12 13 1336 a2 2379 394 468 536 | 25000 76 1 1078 31.37 137 7 6.9 6.89
05/11/200¢ 23060 7 13 2478 2502 2.56 423 5 23860 102 92 612 A3 4 bi .25 663 59 9 416 AR
28/02/2001 13760 2120 34
2R/08.2001 S840 17 o 342 437 558 K20 i) L) 7m 703 099
13/08/2001 17 15 2850 270 5.43 3.2 218 143
0471 112001 18 1l 9% 115 120 119 JAl EA|
06/01/2002 13 13 1970 2520 387 4.38
170212002 23300 o4 &7 1440 2.6 26300 268 289
247032002 8500 1260 279 3.24 kXL 25500 202 34 106 81 1.5 13
20412002 65760 1680 3 15
216002 44220 1540 3.27 78
2770472002 10800 1380 2.98 51
2042002 | o140 1240 288 12600 1022 8.l
024062002 42530 64 6 1595 240060 544 489 19 16 74
297072002 10550 120 110 1550 3 4.3 4.22 5215 230 250 546 202 200 84 8 £
2000712002 10300 1620 322 6500 521 B4
29/07/2002 | 24200 17100 328 6000 1176 B4
2000772002 6500 1600 319 5750 453 £4
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Table A9: Method used for determination of different parameters of sludge and leached

water
Parameters Methods Used
pH Electrometric, pH- HI 1280 Hanna
Electrical § . ‘ .
Conductivity - EC Ion Selective Electrode, Jenway, 4310 _ |
Total Solids -TS %-ied of 100 ml (for leached water and 10 g for accumulated sludge) at 105
Biochemical Oxygen - , L o
Demand — BOD WTW, OxiTop, Incubation at °c 20 for 5 days.
Chemiczl Oxygen s PR
Demand COD andatlon with Dichromate, Hach Reagentl and Hach Photometer DR 2000
Tota) Organic Carbon | petermination of volatile Solids by burning at 550 °C in muffle farnsce.
Total Kjeldal . .
Nitrogen TKN Micro-Kjeldahl tacator 1002
Chloride -C! Titration; Calorimetric, Silver Nitrate
Sodium —Na- Flam Photometric, Sherwood, Scientific Ltd., 410
Potassium - K Filam Photometric, Sherwood, Scientific Ltd., 410
Caleium - Ca | Titration calorimetric, EDTA Reagent |
: Digestion in concentrated ac1ds and Spectro ~-photometric, Hach Photometer
Total Phosphorus T-P § ;79000 and SnC,1-Reagent,
Tron—Fe | Digestion in concentrated ac1ds and AAS {Atomic Absorption spectroscopy)
Perkin Elmer, 100 .
Lead - Pb Digestion it concentrated ac1ds and AAS (Atomic Absorption spectroscopy)
} Perkin Elmer, 100
Copver — Cu Digestion in concentrated acids and AAS (Atomic Absorption spectroscopy)
PP Perkin Elmer, 100
Nickel - ' Digestion in concentrated acids and AAS (Atomic Absorption spectroscopy)
¢ Perkin Elmer, 100
Zine — 7 Digestion in concentrated acids and AAS (Atomic Absorption spectroscopy)
e - 44 Perkin Elmer, 100
' ‘ Digestion in concentrated acids and AAS (Atomic Absorpnon SpEctroscopy)
Mercury - Hg Perkin Elmer, 100
g Digestion in concentrated acids and AAS (Atormc Absorption spectroscopy)
Chromium Cr Perkin Elmer, 100
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Hach Photometer DR\QOOO for Chernical Oxygen Demand - COD Determination
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S et

Manometers for BOD; Determination
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Distillation Unit of Micro-Kjeldahl - tecator-1002 - for Total Kjeldahl Nitrogen TKN
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Atomic Absorptioh Spectroscopy - AAS - Perkin Elmer, 100 ,for Heavy Metal Determination : o
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Appendix B

Farmer's Survey



1. What are the size of your agricultural land & the type of crops?

Type of Size (dunum Times of using

Cultivation =1000 m?) | fertlizers- specify | o iisers

For which crop could
Amount of you use treated
the month sludge? {ves or no)

Citrus

QOlive

Almonds

Java

Vegetables
grown outdoors

Vegetables
grown in green
houses

2. From where do you get the organic fertilisers?
a. Own farm b. Bought c.Bothaandb

3. How much do you pay per tonne?
a. Animal ............. NIS b. Birds .......... NIS

4, Are you satisfied with the existing sources of fertilisers?
a. Yes -b.No

5. Did you use treated sludge before?
a.Yes b.No (If Nogoto question7)

B. If yes,
6.1 you think that treated sludge is good alternative to existing resources?
a. Very much
b. Much
¢. Don't know
d. No
e. Definitely not

6.2. Do you think that freated sludge better than available resources?
a. Very much
b. Much
¢. Don't know
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d. No
e. Definitely not

7. If you did not use treated sludge before,
7.1 are you willing to use it? |
a. Yes b. No
7.2 if No, this is because
a. Do not trust that studge is suitable
b. Concern about consumers attitude
c. Special needs are associated with sludge use
d. Others, Specify..... s e eta e eret et et beaete e nrenes

8. Would you be willing to use treated sludge as a soil improver for your
agricuftural land?

a. Very much -

b. Muth‘ |
~ ¢. Don't know
‘d.No

e. Deﬁhitely‘ not

9. Do you think treated sludge can be used for all crops? a.yes b. no

~10. How much are you willing to pay for treated sludge?
a. the same price as animal manure |
b. % the price of animal manure
c. ¥z the price of animal manure
d. V4 the price of animal manure
e. Nothing

11. How do you think using treated sludge will affect the environmental
situation in Gaza?  a.Yes b. No
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Estimation of existing quantities of sludge

Three existing wastewater treatment plants are in operation in the Gaza Strip.
Sludge produced from the treatment plants doesn't measure and estimation is
made based on theoretical caiculations. The quantity of solids as dry matter is
calcylated based on the following formula (Hammer, 1986).

Ms=Y xBOD

Where;

M, = biological sludge solids, grams of dry mass per day

Y = fraction of applied BOD that appears as excess solids
BOD = BOD in applied wastewater, gram per day

Determination of aerobic sludge quantities generated daily in
the Gaza Wastewater Treatment Plant

Flow 45,000 m’/day
BOD in f 500 mgll
BOD at the inlet of bio- -

- towers ' ‘ 250 mg/l
BOD out - 30 mg/l

kg biomass/kg BOD

Y coefficient 0.6 consumed
Sludge solids content 15 %
Calculation
Sludge mass 5940 kg/day
Siudge volume 396 mday

Determination of an'aerobic sludge accumulated in ponds

Gaza City
Flow _ 45,000 m°/day
BOD in : 500 magll
BOD after anaerobic
ponds 250 mgh

kg biomass/kg BOD
Y coefficient 0.3 consumed
Sludge solids content 4 %
Calculation
Sludge mass 3375 kg/day
Sludge volume 84.375 m°/day
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Jabalia & Rafah

Flow 15,000

BOD in 500

BOD after anaerobic

ponds 50
- Y coefficient 0.3

Sludge solids content 4

Calculation

Sludge mass 2025

Sludge volume 50.625

Total Anaerobic Sludge 135

m3/day
mgh-

magfl

kg biomass/kg BOD
consumed -

%

kg/day
m/day

m*/day

Total anaeroblc sludge = 135 X 365 =49,275 m”lyear
Total Aercbic sludge = 396 m*/day
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Appendix D

Environmental Law



Pzlestinian Environmental Law

NO (7) 1999

The Chairman of PLO Executive Committee, President of the Palestinian: Authority,
After approval of the Palestinian Legislative Council in its session on 6 / 7 /1999,The
following law was enacted ,

Title |
Definitions and General Provisions

Chapter1
(Definitions)

Article (1)

In applying the provisions of this law, the following words and terms shall have their
specified definitions below, unless otherwise is provided: Environment: the vital
surroundings with ali forms of life, including air, water, land, the facuhtles and the
nteractlons among them.

Air. the mixture of gases which form air wvth its natural characteristics and defined
ratios.

Soil: the surface crust of the earth on which there can be activities of agncu\iure
construction, and dlggmg That includes all types of land. .

Drifting: removal away any part of the soll.

Water. Includes surface and underground water in all forms, fresh, saline or semi-
saline.

Environmental Pollution: Any direct or indirect changes in the characteristics of the
environment, that may cause harm to any of its compenents or d:srupts its natural

balance.

Air Poliution. Any change in the characteristics or components of the natural air,
which may cause harm to the environment.

Water Pollution: Any change in the characteristics or components of water, which
may cause harm to the environment.

Poliutant Substance and Agents: Any substance in the forms of gas, liquid, solid,
aerosol, vapor, odor, noise, radiation, heat, flashlight, or vibrations which may result

in the pollution or deterioration of the environment.
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Hazardous Substance: Any substance or compound, which because of its
hazardous characteristics poses a danger on the environment as toxic, radioactive,
biologically infectious, explosive or flammable substances.

Hazardous Waste: waste generated by the various activities and operations or the
ash thereof, which preserve the characteristics of hazardous substance which have
no usage, such as atomic waste, medical waste, or refuse emanating from the
manufacturing of pharmaceutical products, medicines, organic solvents, dyes,
painting, pesticides or any other similar hazardous substance.

Solid Waste: Any non-hazardous waste, or garbage generated by the different
activities: household, commercial, agricultural, constructional, industrial waste and
the sludge generated by wastewater treatment plants.

Waste Water. Water poliuted by solid, liguid, gas, energy, or microorganisms’
matters generated or resulted from homes, buildings or the varant facilities.

Underground Water. Any flowing, running or stagnant water in the underground. .

Facility. Any fand, buiiding, structure, or equipment that constitute the facility,

Facility Owner. Any natural or iegal person, who may own or lease a facility, or be
responsible for operating and managing it.

Environmental Harm: Any harm generated by the ‘exercise of any activity which may
cause harms to public health, public weifare and environment.

License: An official document issued by the competent body authorizing the
establishment and operation of the facility, and determining specific governing rules
and restrictions thereof.

Environmental Impact. Any negative or positive outcome generated by the different
activities from the facility or project which affect the different elements of the
environment.

Poliution Prevention: measures and procedures taken to prevent any poliution.

Poliution Control: measures and procedures faken to reduce or eliminate the
emission of pollutants.

Environmental Protection, includes preserving the elements of the environment,
nreventing or reducing the pollution and degrading thereof as well as upgrading
these elements.

Dumping: discharge of various poliutants generated by all types of facilities or
transportation faciliies in inland, and territorial or free economic zone water.

Ship: Any marine unit, floating on or plunged in water, whether it is a civil or military
ong,
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Marine Installations: Any stationary or mobile facility built on or under water for
commercial, industrial, tourism, military or scientific purposes.

Public Areas: Areas designated to receive the public at Iarge or any definite group
for whatever purpose.

Standards: Percentages, quantities or norms as established by competent agencies
to define the environmentat pollutants and their harmful impacts.

Waste Management Collection of the different wastes and the transportation thereof
to specified zones for recycling, treatment or disposal.

Environmental Disaster. Any event generated by natural or human action, which
results in severe harm to the environment, the combat of which requires possibilities
beyond local capabilities.

Compensation. What is paid for harms caused by the variant pollutants as a result
of an act or more performed by natural -or juridical persons affecting the
environmental components pursuant to administrative or judicial orders or in the
implementation of provisions st:pulated in international conventions.

Environmental Nuisance: The harm or material damage caused by the generation
of noise, vibration, radiation, or irritations; the release of smelis which result from any
activity of humans, facilities, transportation facilities or any other agent in a manner
that affects propert:es or the human (exerc:se of natural} life.

'Environmentaf Monitoring. pro__cedures unde‘rtaken by competent agen.ciés. to
ensure that all persons and agencies abide by the environmental standards and
instructions prescribed to ensure that they are not violated or surpassed.

Environmental Control. Activities meant to monitor the quality of the environment.

Environmental Deterioration: Any impact on the environment or its components
that may cause harms which degrades the environment or depletes its resources and
harms living organisms.

Ministry. Ministry of Environmental Affairs.
Minister. Minister of Environmental Affairs.

Environmental Awareness: Spreading the knowledge which consclidate the
principles and values to upgrade public awareness needed to preserve the
environment and its components.

Closed Public Areas: Any public areas in the form of complete building where air
comes in only through windows built in for that purposes and include (theaters,
cinemas, museums, restaurants, meeting halls, etc.), public transportation facilities
shall also be subject to this definition.
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Natural Reserves: Areas designated to preserve certain types of living organisms or
other ecosystems that have naturat or aesthetic values which are forbidden to
eliminate, affect or destroy them.

Discharge: Throwing, leaking, emitting, pumping, pouring, or discharging in a direct
or indirect manner - of any environmental poliutants in the air, land, inland or
territorial waters.

Free economic zone: The marine area which lies beyond and adjacent to the
territorial sea, which does not exceed two hundred marine miles measured with the
same lines used to measure the latitude of the territorial sea.

Environmental Apprdval An official document issued by the Ministry expressing
the environmental opinion regarding establishing or practlcmg any activities that
require an environmental approval.

Environmental impact assessment “EIA”. A detailed study for assessing the
environmental impacts as a result of practicing any activities.

Article (2)

The objectives of this law are: ‘ _

1. Protection of the environment against all forms and types of pollutioh;
" 2. Protection of Public health and welfare; | |

3. lnéertion of the bases of environmental protection in social and economic
devefopment plans; and encouragement of sustainable development of vital
resources in a manner that preserves the rights of future generations;

4. Protection of bio-diversity and environmentally sensitive areas, as well as
improvement of environmentally harmed areas;

5. Encouragement of collection and publication of environment-related information to
raise public awareness of environmental problems.

Chapter 2
(General Provisions)

Article (3)
Every person may:

A. regardless of personal interest and in order to secure a sound environment, file or
follow up on any complaint or appropriate legal proceedings against any natural or
juridical person causing harm to the environment.

B. obtain any necessary official information to discover the environmental impact of
any industrial, agriculturai, constructional or other activity within the development
programs, in compliance with the law.
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Article (4)

The Ministry, in coordination with the competent agencies, shall work on the
generalization of the concepts and objectives of the environmental education through
schools, universities, institutions, and clubs. It shall also encourage collective and
individual initiatives for voluntary work aiming to protect the environment,

Article (5)
~ This law shall guarantee:

A. The right to every individual to live in a sound and clean environment and enjoy
the best possible degree of health care and welfare,

B. Protection of the country's natural fortunes and econormic resources, besides the
preservation of its historical and cultural heritage without any harms or side effects
that are likely to occur sooner or later as a result of the variant industrial, agricultural
or constructional activities, with an impact on the quality of life and basic ecosystems
such as air, water, soil; marine resources, animals and plants.

Title {i
Environmental Protection

Chapter 1
Land Environment

Article (6)

The competent agencies, in coordination with The Ministry, shall prepare the general
policy for land uses taking into account the optimal use thereof and the protection of
 hatural resources and areas with special natural characteristics as well as the
conservation of the environment.

Solid Waste

Article (7)

The Ministry, in coordination with other competent agencies, shall set a
comprehensive plan for solid waste management on the national level, including the
ways and the designation of sites for solid waste disposal as well as the supervision
over the implementation of this plan by the local councils.

Article (8)

The competent agencies, along with their respective specialization, shall encourage
undertaking appropriate precautions to reduce the generation of solid waste to the
fowest level possible; re-use it as much as possible, recover its components or
recycle it.

Article (9)

The Ministry, in cooperation with the competent agencies, shall determine the
standards of solid waste disposal sites.
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Article (10)

All agencies and individuals, in conducting any digging, construction; demoilition,
mining or transportation of debris and sands generated by such activities, shall
commit themselves fo take all necessary precautions for safe storage and
transportation of such materials fo prevent any environmental pollution.

-‘Hazardous Substance and Waste

" Article (11)
The Ministry, in coordination with the competent agencies, shall issue one or more
lists of hazardous substances and wastes.

Article (12)

No person shall be authorized to manufacture, store, distribute, use; treat, or dispose
any.hazardous substance or waste whether it is solid, liquid, or gas, unless in
accordance with the orders and directives specified by the Ministry in coordmation
with the competent agencies.

Artlcle (13)
A ltis forb:dden fo |mport any. hazardous wastes to Palestme

B. Itis forbidden to. pass ‘hazardous waste through the Palestinlan territories or
~ through the territorial water or free economic zone of Palestme uniess a special -
- permit is obtamecl from the Ministry. o

Pasticides and Ferfilizer .

Article (14)

. The Ministry, in coordination with the competent agencies. shall designate the
" environmenta! conditions for the import, distribution, manufacturing, use, and storage
-of pesticides, substances, and agri-chemical fertilizers, which may pose hazards to
~ the environment.

Article (15) | |
- The Ministry, in cooperation with competent agencies, shall set instructions and

standards specified for the agri-chemicals that are allowed to be ‘imported,
manufactured and distributed in Palestineg, and shall verify observance of it.

Quarrying and Mining

Article (16)

The Ministry, in coordination with the competent agencies, shall set up the
environmental conditions compatible for mining, quarrying activities, rubbles, mines
and stone quarrying places in a manner that ensures both the protection of the
environment against the hazards of environmental pollution; and the preservation of
natural resources. '
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Desertification and Land Drifting

Article (17)

For the purpose of combating desertification and preventing drifting, the Ministry in
cooperatlon and coordination with the Ministry of Agriculture and other competent
agencies, shall encourage unden‘akmg appropriate procedures for farming the
wasteland.

Article (18)

It is forbidden to drift arable lands or fransport its soil in order to use it for purposes
other than farming. It shall not be considered as drifting if the land is leveled, or its
soil is transported to be improved agriculturally or preserve its fertility or build on it in
compliance with the terms and restrictions enacted by the competent agencies.

Chapter 2
Air Environment

Article (19)
A. The Ministry, in cooperation with the competent agencies, shall specify standards

to regulate the percentage of poliutants in the air which may cause harm or damage
to public health, social welfare and the environment;

B. Each facility, which will be established in Palestine, shall abide by these
‘standards; every existing facility shall make necessary changes in a manner that
makes it conform to these standards within a2 period that does not exceed three
years.

Article (20)

Every facility owner shall provide all means to ensure the necessary protection for
workers and the neighbors of the facility in compliance with the conditions of
occupational safety and health, against any leak or emission of pollutants in or out
the working place. .

Article (21) ‘
It is forbidden to smoke in transportation means and closed public areas.

Article (22)

it shall be prohibited to utilize machines, engines or vehicles that generate exhaust
that does not comply with the standards specified in accordance with the provisions
of this law.

Article (23)

it is forbidden to dispose, treat or incinerate garbage and solid waste except in the
sites designated for this purpose and in compliance with the conditions specified by
the Ministry to ensure the protection of the environment.
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Article (24)

The Ministry shall work on the reduction of ozone depletion in accordance with the
provisions of international conventions to which Palestine is committed through
undertaking appropriate procedures regarding importing, producing or utilizing any
chemical substances that may cause harm thereto.

Environmental Nuisance and Noise

Article (25).

The Ministry, in cooperation with the competent agencies, shall work on establishing
- standards, directives and conditions to reduce environmental nuisance generated by
different activities. In addition, every facility owner, entity or individual shall be
forbidden to cause any nuisance to the others. ‘

Article (26) :

Every entlty and individual, upon operation of any machine or equipment, or upon

utilization of alarm devices, loud speakers, or during any other activities, shall not be

allowed to exceed the permissible sound intensity and vibration Ievels.
Article (27) |

Radloactive activities or radioactive substance concentrations emitted by any facmty
or other activity shall not be aIIowed to exceed the permlssmle hmlts specn‘“ ed by the
‘ competent agencies. _ ‘

Chapter 3
Water Environment |

Article (28)

The Mtnlstry in cooperatlon with the competent agencies shall specify the standards
for the quality and characteristics of drinking water.

Article (29)
The Ministry, in coordination with the competent agencies, shall set standards and
norms for collecting, treating, reusing, or disposing waste water and storm waterin a

sound manner whlch comply-with the preservation of the environment and public
health.

Article (30)

No person shall be allowed to discharge any solid or liquid or other substance unless
such a process conforms to the conditions and standards that the competent
agencies determine.

Appendix D: Palestinian Environmental Law _ D. 8



Chapter 4
Marine Environment

Article (31)
The Ministry, in coordination with competent agencies, shall set standards for the

quality of seawater specifying the norms, directives and conditions necessary to
control sea pollutants.

Article (32)

It shall be forbidden for any one to perform any action which may cause poliution of
sea water in a manner that contradicts with the standards, directives or conditions
prescribed for the purposes of marine environment protection against pollution.

Article (33)

The Ministry, in coordination with the competent égencies shall specify the
necessary environmental conditions required for the establishment of any coastal or
offshore buildings or facilities. ‘

Article (34)

It shall be forbidden to perform any action, which may affect the natural track of the
beach, or adjust it inside or far from the sea unless an environmental approval is
obtained from the Ministry.

Article (35) |
. The Ministry shall prescribe rules and regulations for the prevention of pollution,
preservation and control of the marine environment, against what is generated by the

different activities that occur in the free economic zone, continental drifting or the sea
bottorm which are all subject to the jurisdiction of Palestine.

Article (36)

The Ministry, in cooperation with competent agencies, shall set the rules and
regulations for prevention of marine environment pollution that comes as a result of
dumping.

Article (37)

The Ministry, in cooperatfion with competent agencies, shall set the rules and
regulations to prevent or reduce marine environment poliution generated by ships in
the Palestinian ports and territorial water. ' .

Article (38)

All entities including ships, regardless of their nationalities, shall be forbidden to
throw or discharge oil or oil compounds or any other poliutants in the territorial water
or the free economic zone of Palestine.
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Article (39)

All national and international companies and agencies authorized to undertake
digging or exploration activities, or produce or manufacture crude oil, or to extract or
exploit oil fields and other marine natural sources, shall abide by the environmenta!
conditions.

Chapter 5
Protection of Natural, Historical and Archacological Areas

Article {40) -

The Ministry, in coordination with competent agencies, shall prescribe bases and
standards for the protection of natural reserves and national parks, monitor and
declare them, and establish and designate the national parks and supervise them.

Articie (41)

it is prohibited to hunt, kill, or catch the birds, marine and wild animals, and the fish
specified in the bylaw of this law. Moreover, it is prohibited to possess, transport,
walk with, sell or offer them for sale neither dead nor alive, or to damage their nests
or the eggs. ' :

Article (42)

The Ministry, in coordination with the competent agencies, shall specify the
conditions necessary to guarantee the preservation of bio-diversity in Palestine.

Article (43)

The Ministry, in coordination with the competent agencies, shall set the bases and
standers that determine the plants, wild and woodland are forbidden by these
standards to be, temporally or permanently, picked up, harvested, damaged or cut off
to ensure their endurance and continuation.

Article (44)

it shall be forbidden for any person to conduct activities or perform any action that -
may cause damage to the natural reserves, forests, public parks or archaeological
sites, or affect the esthetical aspects of such areas.

Part iV

Environmental Impact Assessmeni, Licensing, Inspection and
Administrative Procedures

Chapter 1
Environmental Impact Assessment

Article (45)

The Ministry, in coordination with the competent agencies, shall set standards to
determine which projects and fields shafl be subject to the environmental impact
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assessment studies, it shall also prepare lists of these projects and set the rules and
procedures of the environmental impact assessment.

Chapter 2
Licensing

Article (46)

When authorizing any facility, the competent agencies. shall avond environmental
hazards by encouraging transfer to projects that use substances and operations less
harmful to the environment, and by giving priority to such projects on the basis of
economic development.

Article (47)

The Ministry, in coordination with the competent agencies, shall determine the
activities and projects that have to obtain.an environmental approval before being
licensed. . This includes the projects that are allowed to be estabhshed in the
restricted areas.

Artic!e (48)

The Competent Agencies are not allowed to issue I1censes for establishing projects
or facilities, or for any other activities specified in article (47) of this Law, or to renew
them unless an envnronmental approval is obtalned from the Ministry,

Chapter 3
lnspectlon and Admlmstratwe Procedures

Article (49)

The Ministriyﬂ shall follow up the implementation of the’ decisions issued regarding
environmental impacts by cooperating with the competent agencies.

Article (50)

. The Ministry, in coordination with the competent agencies, shall monitor the variant
institutions, projects and activities to verify their compliance with the reéquirements,
standards and directives prescribed for protecting the environment and the vital
resources, ln compliance with the provisions of this faw. - '

Article (51)

Inspectors of the Ministry and other mspectors appolnted by other msmstnes and
agencies, and who have the power of commissioners in accordance with this
law. The inspectors may curb environmental contravention or crimes committed in
violation of this law. :

Article (52)

The Ministry inspectors, in cooperation with competent agencies and administrations,
have the right to have access to any facilities for inspection, take samples and

Appendix D: Palestinian Environmental Law D. 11




measurements to ensure their conformity with the standards and conditions of
environmental protection and poliution prevention.

Article (53)

The owners of the different projects and activities have to enable the inspectors of
the Environmental Planning and any other competent agencies to conduct their
duties, and provide them with the information and data that they see necessary in
compliance with the provisions of this law.

Article (54)

Every owner of a facility shall perform self-monitoring operations in conformity with
the standards and conditions stipulated by the Ministry in coordination with
competent agencies and shall submit reports according to the Ministry’s directives or
to any other agency prescribed by the executive regulation of this law.

Article (55)

Any facility or project that violates the environmental conditions required for granting
the license, the competent agency has the right to revoke or suspend the
license. The owner of the facility or project may impeach the decision of revoking or
suspending the license before a specialized court.

Article (56)

The violating facility or project shall not be allowed to resume activities without the
removal of the contravention causes; if these causes are not removed, the competent -
agency shall remove them at the expense of the owner.

Article (57)

The minister can decide to suspend the work of any project, prevent wholly or

partially the using of any machine or material, if the continuation of such use has

extreme hazard on the environment. The suspension or prevention shall not exceed

two weeks, and it is not possible to extend the period without a judicial order from the

specialized court; moreover, those affected as a resuit of suspension and prevention
" can appeal before the speciatized court.

Title V
Penalties

Article (58)

The penaities mentioned in this law shall be applied without jeopardizing any more
severe penalty stipulated in any other laws,

Article (59)

Any facility owner or operator provides incorrect or misleading information regarding
the environmental aspects of the facility he owns or operates, shall be penalized by
imprisonment of a period not exceeding six months and a fine of not more than two
thousand Jordanian Dinars or the equivalent thereof in the legally c:rculated
currency, or one of the two penazlties.
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Article (60)

If, as a result of violation to the provisions of this law or any regulations or resolutions
issued thereupon, an epidemic illness spreads out, and that the violator could have -
in the extent possible — expected such a nuisance, he/ she shall be subject to
imprisonment of a period not less than 5 years and a fine of not less than ten
thousand Jordanian Dinars, or one of the two penalties.

Article (61)

Any person violates the previsions of Article (10) of this law shall be punished by
paying a fine of twenty Jordanian Dinars or the equivalent thereof in the legally
circulated currency, or imprisonment for a period of not less than three days.

Article (62)

Any person violates the provisions of Article (12) of this law shall be punished by a
fine of not less than 1,000 and not more than 3,000 Jordanian Dinars or the
equivalent thereof in the legally circulated currency and not more than three years of
imprisonment, or one of the two penalties.

Article (63)

A. Any person violates the provisions in section (A) of Article (13) of this law shall be
sentenced to eternal imprisonment with hard work, in addition to confiscating or
eliminating the wastes at the violator's expense.

B. Any person violates the provisions in section (B} of Article (13) of this law shall be .
penalized by a fine of not less than 3,000 and not more than 20,000 Jordanian Dinars
or the equivalent thereof in the legally circulated currency, and the imprisonment of a
period not less than three years and not more than fifteen years, or one of the two
penalties. :

Article (64)

Any person violates the provisions of Article (18)of this law shali be penalized by a
fine of not less than 500 and not more than 3,000 Jordanian Dinars or the equivalent
thereof in the legally circulated currency and the imprisonment of a period not less
than one month and not more than six months, or one of the two penalties.

Article (65)

Any person violates the provisions of Articles (21), (22) and (23) of this law shall be
penalized by paying a fine of not less than 10 and not more than 100 Jordanian -
Dinars, or the equivalent thereof in the legally circulated currency and the
imprisonment of a period not less than two days and not more than one week, or one
of the two penalties. _

Article (66)

Any person violates the provisions of Articles (25) and (26) of this law shall be
penalized by paying a fine of not less than 50 and not more than 100 Jordanian
Dinars, or the equivalent thereof in the legally circulated currency and the
imprisonment of a period not less than one week and not more than one month, or
one of the two penalties.
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Article (67)

Any person violates the provisions of Article (27) of this law shall be penalized by
paying a fine of not less than 1,000 and not more than 7,000 Jordanian Dinars, or the
equivalent thereof in the legally circulated currency and the imprisonment of a period
not less than one month and not more than one year, or one of the two penaities,

Article (68)

Any person violates the provisions in Article (30) of this [aw shall be penalized by
paying a fine of not less than 200 and not more than 1,000 Jordanian Dinars, or the
equivalent thereof in the legally circulated currency and the imprisonment of a period
not less than one month and not more than six months, or one of the two penalties.

Article (69)

Any person violates the provisions of Articles (32), (38) and (39) of this law shall be
penalized by paying a fine of not less than 5,000 and not more than 50,000
Jordanian Dinars or the equivalent thereof in the legally circulated currency, and
imprisonment of a period not less than one year and not more than ten years, or one
of the two penalties.

Article (70)

Any person violates the provisions of Article (34) of this law shall be penalized by
paying a fine of not less than 1,000 and not more than 5,000 Jordanian Dinars, or the
equivalent thereof in the legally circulated currency and the imprisonment of a period.
not less than one month and not more than six months, or one of the two penalties.

Article (71)

Any person violates the provisions in Article (41) of this law shall be punished by a
fine of not less than 20 and not more than 200 Jordanian Dinars or the equivalent
thereof in the legally circulated currency, and the imprisonment for period not less
than three days and not more than tow weeks, or one of the two penaities.

Article (72)

Any person violates the provisions of Article (44} of this law shall be penalized by
paying a fine of not less than 20 and not more than 200 Jordanian Dinars, or the
equivalent thereof in the legally circulated currency, and the imprisonment for a
period not less than three days and not more than one month, or cne of the two
penalties. '

Article (73)

Any person violates the provisions in Article (53) of this [aw shall be penalized by
paying a fine of not less than 100 and not more than 500 Jordanian Dinars, or the
equivalent thereof in the legally circulated currency, and the imprisonment for a
period not less than one week and not more than a month, or one of the two
penalties.
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Article (74)

in addition to the provisions mentioned in the articles of this chapter, it is assumed
that the removal of the harm and its effects must be at the violator's expense.

Title VI
Final Provisjons

Article (75)

in order to implement the provisions of this law or any other international conventions
regarding the environment, and of which Palestine is a part, the Ministry in
coordination with the local competent agencies shall cooperate with the- sngnatory
countries to exchange scientific and technical information, coordinate programs in the
field of joint environmental research, set and implement joint cooperatlon programs to
prevent or reduce envrronmental po[lutlon and exchange various forms of assistance
in this regard.

Article (76)

Every norma! or jundlcal person who causes envrronmental harm as a result of an
action or negligence in violation of the provisions of this law or any international
convention. of which Palestine is a part, shall be compelled to pay the convement
compensatlons in addltlon to the penal l|ab|i|ty exphcated in thls Iaw

Article (77).

' Accordmg to the prev:smns of this law, [nternatlonal and. reglonal conventlons
treaties, and the provisions of the international entities of which Palestine is a part, or
any other laws related to the environment which are in effect in the Palestinian
territories, shall be consrdered complementary to this faw, unless othemnse is stated.

Article (78)

The Ministry, with the participation other competent agencres shail prepare
emergency plans to combat environmental disasters.

Ariicle {79)

The Mln:stry, in cooperat:on with competent agencies shall perform environmental
monitoring in order to gather information -about the various environmental elements
and shall prepare comprehensive reports to be submitted to the' authorlzed agenczes

Article (80)

Upon suggestion from The Minister, the Ministerial Cabinet shall issue the Executive
Regulation, which is necessary for the enforcement of the provisions of this law.

Article (81)

Any provision or regulation that contradicts the provisions of this law shall be
repealed.
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Article (82)

Each competent entity must, in accordance with its responsibility, implement and

apply the provisions of this law after thirty days from publication date in the official
gazette.

Issued on: 28/ 12/ 1999

Yasser Arafat

Chairman of the PLO Executive Commitlee
President of the Palestinian National Authority.
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Water Law

Number (3/2002)

Chairman of the Executive Committee of the Palestine Liberation Organization
Chairman of the Palestinian National Authority

After reviewing the Safeguarding of Public Water Supplies Ordinance No.17/1937
effective in Palestine,

And Water Resources Testing Law No. 2/1938 effective in Palestine,

And Water Control Law No. 31/1953 effective in West Bank Governorates,

And Law No. 2/1996 regarding the establishment of the Palestinian Water Authority,
And Law No. 1/1997 regarding the Palestinian Local Authorities,

And Resolution No. 66/1997 regarding the Internal Regulations of the Palestinian
Water Authority,

And on the proposed law submitted by the Cabinet of Ministers,

And after the approval of the Legislative Council in its session held on 18/2/2002

We issued the following law:
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Chapter One
Definitions and General Provisions

Article (1)

The following words and expressions shall have the stated meaning unless the
context indicates otherwise:

The Authority: The Water Authority

The Council: The National Water Council

The Head: The Head of the Palestinian Water Authority

Water Supply: The supply of water from all available resources.

Water Resources: All water resources which lie within the territorial land or sea of
Palestine, whether conventional (surface or ground waters) such as the waters of
springs, including hot springs, wells, ravines, rivers, lakes, seas, and water collection

areas, or unconventional such as wastewater, desalinated water, and brackish water.

Water Resources Management: Development, improvement, and protection of
water resources, and planning for its use.

Water Policy: The policy set by the Councii for the preservation of natural and
_political rights on the water resources, its uses, and its projects in Palestine.,

Facﬂity Any facilities or constructions intended for Water utilization, whether by
extraction, or collection, or storage.

Water Recharge: Directing waters to the Iower layers (ground) from any water
resource including floods water, or treated wastewater, whether this is done directly
by recharging the wells or reservoirs or by driliing or by permitting water to infiltrate
from the surface to the subterranean soil. .

Sanitary Sewage: A system for collecting, disposing of and treating Wastewater.
Well: Any facility intended for to extract ground waters to the surface.

Spring: Place for the exit of ground waters from inside the earth in a natural fashion.
Ground Waters: Waters_avai'lable in the groundwater reservoir,

Surface Waters: Any moving or still waters above the ground surface including
ravines, rivers, wadis, water springs, or any fountains, collection of sewage water,
lakes, and seas.

Groundwater Reservoir: Formation or geological layers of materials which permit
the infiltration of water to its inside, and its storage under the surface of the ground,
and which are exploitable.

Right of Possession: Is the right to manage, supervise, plan, and regqulate all water
resources without derogation of the existing rights of usage.
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National Water Utility: Is the party responsible for providing water in bulk, at the
national level.

Regional Water Utilities: Institutions and interests that provide services of water
and wastewater.

Pollution: Any change that occurs to the quality and constituents of water which
leads fo harm fo the health of humans and fo the environment.

Pollutant: Any material that could lead to a change in the qualities and constituents
of water which may lead to harm to humans and to the environment

Water Quality Standards: Standards which the Authority shall participate in settrng
in co-operation with the relevant official bodies, to preserve the ideal standards for
water quality.

Water Meter: An approved instrument for measunng the quantrty of water that flows
pasta specrt' c point.

Water Tanff System: System that is based on studied standards in order to set a
water tariff.

Network: The set of pipes derrvrng from the main water Pipe Irne to the end user.

Enwronment The surroundings which mctude Irvrng creatures together with the air,
water soil, and structures burlt upon it, and the rnteractrcn between them. ‘

The Wat‘er Enwrons A specrt" ied area surrcundrng a water resource and a water
facrlrty .

Expiaratron All operatrens relatrng to search for, and rnvestrgatmg water resources
and 1t includes drilling, analysis, and other detailed studles

' Article (2)
This law aims to develop and manage the water resources, increasing their capacrty,

improving their quality, and preserving and protecting them from pollution and
depletion. .

| Ar'tt_cte (3 .

1. All water resources available in Palestine are considered public property.

2. The environs of a water resource or a public water facility shall be determined in
accordance with objective crrterra according to regulations to be issued for this
purpose.

3. Every person shall have the right to obtain his needs of water of a suitable quality
for his use, and every official or private institution that provides water services must
take the necessary steps to insure this right and to make the necessary ptans for
developing these services.
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Article (4)

it is prohibited to drill or explore or extract or collect or desalinate or treat waters for
commercial purposes or to set up or operate a facility for water or wastewater without
. obtaining a license therefore. ‘

Article (5)
1. The use of water shall be made for meeting the following needs:

a. Residential needs.

b. Agriculture and irrigation.

¢. Industrial demand.

d. Commercial demand.

e. Tourism demand.

f. Any other public or private uses.

2. An approval and a license are deemed necessary to be obtained before changing
the right of usage from one to another.

Chapter Two
The Water Authority

Article (6)

1. A public institution called “the Water Authority” shall be created by virtue of this
law, and it shall have a juridical personality, and its budget shall be included within
the general budget of the Palestinian National Authority.

2. The Authority shall be subject directly to the Chairman of the Palestinian Nationai
Authority.

3. The main headquarter for the Authority shall be Jerusalem, and its temporary
headquarter shall be in any other place that is determined by the Authority.

Article (7) |

in pursuance of the goals intended by this law, the Authority shall exercise the

following tasks and responsibilities:

1. tt shall have full responsibility for managing the water resources and wastewater in
Palestine.

2. Setting the general water policy and working to implement it in coordination and
cooperation with the relevant parties, and presenting periodic reports concering the
water status to the Council. '

3. Surveying the different water resources, and suggesting atlocations of water and
determining the priorities of usage.

4. Creating reservation areas for protection from the danger of pollution, and
exercising oversight and supervision over such areas, and approvals for transfer of
water between the different geographic areas.
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5. Licensing the exploitation of water resources including the construction of public
and private wells, regulating them, water exploration, drilling exploratory, testing and
production wells, and any other matters or activities relating to water or wastewater,
in cooperation and coordination with the relevant parties.

6. Studying water and wastewater projects, and projects that integrate them, and
setting design standards, and quality assurance, and technical specifications, and to
control its rmpiementat:on

7. Rehabilitating and.developing water departments for the bulk water supply at the
level of the different national governorates, consndering them national water utilities,
and setting their tasks and responsibilities in accordance with regulat:ons that are
issued by the Cabinet of Ministers for this purpose.

8. Coordination and cooperation with the relevant parties to set bl_ans, and programs
for regulating the use of water, and preventing wastage, and conserve consumption,
and carrylng out public awareness campaigns regarding this aspect.

S. Superwsmg the profess:on of well drilling and qualifying contractors in the fi e!d of
constructing water facilities in accordance w:th procedures that are set by the law.

10. Setting plans and programs for training the technlcal staff workmg in the water
sector to develop the management of - water resources and supervise its
:mp!ernentatron and development.

11. Workmg towards achieving a fair distribution and optimal utilization in order to
ensure the sustainability of ground and surface water resources through cooperation
and coordination with the relevant partles and fndmg sotutlons and su1table
alternatrves in case of emergencues :

12. Regulating and supervising - research ‘and studies relaﬁ_ng to water and
wastewater, and following up with the concerned and speéialized parties.

13. Rehabihtatmg the centers, for researches, and studies, and fraining, working in
the water sector in accordance o the procedures to be set by the regufatfons referred
toin paragraph 7 supra.

14. Partlmpatlng in settm.g appreved standards for the water quality for the different
usages in cooperation with the relevant parties and insuring. promuligation.

15'. Working to develop and coordinate progre-ms for international, regional, and bi-
lateral technical cooperation in the field of water resources; holding conferences, and -
seminars, and representing Paiestlne in reg:onai and international meetings in this
field.

16. Preparing draft laws and regulatlons and 1ssu1ng directives concerning water
resources and executing them, and giving opinions with regard to the technical
aspect in all disputes relating to water resources. )

17. Any other tasks that are to be assigned by virtue of applicable laws and
regulations,
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Chapter Three
The National Water Councii

Articie (8)

First: The National Water Council shall be composed as follows:

The Chairman of the Palestinian Authority - Chairman.
2. The Minister of Agriculiure - Member
3. The Minister of Finance - Member
4. The Minister of Health - .Member
5. The Minister of Local Government - Member

6. The Minister of Planning and

International Cooperation - Member
7. The Head of Environment Authority - Member
8. The Head of the Water Authority - Member
9. The Lord Mayor of the Capital . Member

- 10. A Representative for Chairman
of the Union of Local Authorities. - - Member.

11. A Representative for the Pa!estinian
Universities ‘ : - Member

12, A Representative for the :
Water Union and Societies - Member

13. A Representative for the Regional
Utilities - Member

Second: The Council shall select among its members a vice - Chairman.

Third: The Head of the Authority shall be the secretary of the Codncil.

Fourth:The representatives of the private sector shall be selected on the basis of
experience, specialization, and competency in this field, and they shall be appointed

by a decision from the Chairman of the Palestinian National Authority.

Fifth: the period of a membership of the representatives of the non-governmental
sector shall be two years and this period may be extended once.

Article (9)
The Council shall carry out the following tasks and responsibiiities:

1. Sanction the general water policy:
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2. Sanction the policy for development and utilization of water resources and the
different usage.

3. Sanction plans and programs aimed at organizing the usage of water, the
preventing wastage, and directing consumption.

4, Sanction the tariff policy.
5. Approving the allocation of funds for investment in the water sector.
6. Sanction the periodic reports concerning the activities of the Authority and its work.

7. Sanction the Authority's guidelines and confirming the internal regulations that
govern its administrations and operations.

8. Confirming the appointment of the board of directors of the regional utilities.

8. Sanction the annual budget of the Authority and presenting it to the Cabinet of
Ministers to confirm it.

10. Implementing the financial regulations prevailing in the Palestinian National
Authority.

11. Any other tasks which are delegated to it according to the provisions of this law.
Article (10)

- 1. The Councit shall meet at the invitation of its Chairman at least once every six
months. An emergency meeting may be held at the request of the Chairman of the
Council or four of its members when ever necessary. The meeting shall be chaired
by the Chairman or by the Vice- Chairman in his absence,

2. For the validity of the meetings of the council, at least 8 members must be present
including the Chairman of the Council or the vice- chairman. The decisions of the
Council shall be issued by a majority of the present members and, where the votes
are equal the side including the Chairman or the vice- chairman shall have a deciding
vote.

3. The Secretary of the Councit shall have the task of preparing the agenda for the
meetings of the Council, for issuing the written invitations, and for drafting its
reso!utions and implementing them.

Article (1 1)_

The Council may utilize the services of experienced and specialized experts, and
consultants, and technicais.

Article (12)
The Councii may form, from among its members, one or more committees, and

permanent or temporary, to which it shall delegate some of its tasks or
responsibilities, or assign to such committee a specific task and report about it.
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Article (13)

1. No member of the Council, nor any employee of the Authority may be a party in
any contract, including contracts for purchases of necessities, or bids for carrying.out
works that the Authority is party to, nor may such a person work in these projects or
works or obtain any profit or material benefit from it directly or indirectly, except for
the salaries and bonuses that he receives from his employment with the Authority, or
for his participating in any of the tasks that are delegated to him- accordlng the
provisions of the Law and the regulatlons lssued with regard to. :

2, If any member of the Councrl of any employee of. the Authonty violates the
provisions of subsection (1) of this article, he shall be subject to the legal sanctions
and procedures, and will be required to return all the sums that he obtained as a
result of this violation, in addition to paying compensation for the Tosses or damages
to the Authonty or to any party who has suffered as a result of hls vrolatlon '

Chapter Four . ' |
The Head of the Authorlty HIS Tasks and Respons:bil:tles :

Art:cle (14)

1 The Chalrman of the Natlonal Authority shall appoant. by a pres1dent|al decree,
“based on the recommendation of the National Water Council, a Head for the
Authority, and a Deputy-Head, fromamong those with experience, specialization and
competence in the field, and it shall be. determmed in the decree the employment

.Ievel for both of them _ .

2. The Deputy-Head shall carry out the tasks and. responsrbllltles delegated o the
"~ Head dunng his absence or when his posmon becomes vacant

Artlcle (15)
First: The Head shali have the followlng tasks and respOnslbilitieS'

1. Organlzmg and manegmg the Authorlty and supervision of all its employees and
lts different dlrectorates

2. Prepanng the budget and the f nancial reports and presentlng them to the official
bodies to approve, and confirm thern in accordance with proper procedures. -

3. lmplementmg the decnsrons of the Council.

4, Srgnlng water agreements on behalf of the government in accordance with the
provnsaons of the prevailing laws and regulatlons

5. Parhcrpatmg in activities aimed at i smprovsng regional and international cooperatlon
in the field of water and wastewater. .

6. Preparing periodic reports about the activities of the Authority, and its level of
performance, and suggesting solutions to confront the diffi cultles and obstacles
facing the progress of the work.

7. Any tasks assigned to him by the Council or the Cabinet of Ministers.

Second: The Head of the Authority may delegate some of his tasks to his Deputy.
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Article (16)

1. The Authority may appoint an advisor, or a group of advisors for carrying out its
tasks.

2. The Authority may use advisors or experts representing the different sectors to
carry out its tasks whenever it is necessary to do so.

3. Itis not permitted for any of the advisors or their relatives to the second degree, to
have any interest in any matter that is presented to him for his opinion.

Article (17}
The employees of the Authority, and its advisors, shall bound to the instructions that

are issued with respect to maintaining the secrecy of information and the obligation
not to publish them, in the field of water, or any other field that is delegated to them.

Chapter Five
Licensing and Tariffs

Article {(18)
- In accordance with the provisions of this law, licensing fees shall be imposed and the
conditions, and period, and procedures, and transferability, and amendments, and

renewal, and all matters pertaining thereto, including permits, shall be set pursuant to
regulations to be issued for this purpose.

Article (18)

The Authority may amend, suspend, or cancel a license if the licensee fails to initiate -

the project during the period specified in the license, or if it discovers that incorrect
information was given, or if the project is not heing implemented in the manner
specified in the conditions of the license, or contrary to the provisions of the Law.
Article (20)

Unified tariff system for water shall be set, which may be amended from time to time,

with the aim of encouraging the water users to conserve the available water '

resources and its optimal usage in accordance with the regulations that shall be
issued for that purpose. :

Chapter Six
Financial Resources

Article (21)
The financial resources of the Authority shall consist of:

1. The amounts allotted for it in the general budget of the Palestinian National
Authority. '

2. Grants, dons, assistance, loans, and any other resources that are avaifable to the
Authority and which the Cabinet of Ministers agrees to accept, shall be placed in a
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special account for the Authority and shall be supervised directly by the Ministry of
Finance and the Authority.

Article (22)

The monies of the Authority shall be considered public monies and shall be collected

“in accordance with the Law, in force, for the Collection of Public Monies.

Article (23) -
1. All monies collected by the Authority shall be deposited in the general account of
the Treasury, whlch is administered by the Fmance Ministry.

2. The accounts of the Authority and its records and all its financial affairs shall be
conducted in’accordance with the laws of the Palestinian National Authority and in

accordance with the accountlng procedures adopted by the Palestinian Natlonal

Authority

3 The accounts of the Authorrty shall be audited by the Finance Mmlstry and the

General Control Instltutlon

4. The Authcnty shall enjoy the exemptnons and facmtnes available to the government

and the mmlstnes and govemmental departments.
Article (24) o
Desplte the' prowsuons of any other Iaw no govemmental department or oft" cial - -

institution, or private institution or: any person real or juridical, shall be exempted from
the fees and costs, levies; or usage fees which are realized or imposed for serwces

_ glven by the Authonty in accordance with the prcws:ons cf thls Law.

_ Chapter Seven .
-Regtonal Water Utilities

Artlcle (25)

By wrtue of ihls Iaw Nattona! Water Utilities will be established based on the desire
of tcca! committees and water users associations, to- prowde water and wastewater
services -and it will set the tasks and responsibilities’ and- their composition, and
management and financial resources, and dismantling, and all matters pertaining to

) thelr work in accordance with regulattcns that wnll be issued fcr this purpcse

Article (26)

Reglonal utilities and water users asscmatncns shall set the prices of water for
different usage, in accordance with the approved tariff system.

Article (27)

The Authority may contract with regional utilities to operate alternative water
systems.
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Article (28)

1. The Authority shall have the right to supervise an control regional utilities and
water users associations, in cooperation and coordination with the relevant parties,
and to take all the procedures necessary regarding them for violating the provisions
of this Law or the regulations or directives issued thereunder.

2. The Council, based on the recommendation of the relevant parties, to decide by
means of a reasoned decision to suspend or dismantle the services board of
directors for of any regional utilities or water user associations and this decision shall
be subject to appeal before the relevant court.

Chapter Eight
Protection of the Environment

Article (29)
Withoit contravention of the provisions of the Environmental Law and the regulations
and directives issued under it, and in cooperation and coordination with the relevant

authorities for the protection of water resources and the prevention of its pollution,
the Authority shall carry out the following actions:

1. Participate in regulating the use of agricultural and industrial materials, which may
cause pollution to the water resources or its supply systems.

2. Participate in preparing special guideiines for the environmental impact
assessment for any activity relating to water resources or their supply systems.

3. Participate in preparing special mechanisms for crisis management when there is
a draught or flooding or a plague that is spread through water, or general poliution..

4, Participate in preparing a list of the names of pollutants, which require Iicénsing,
and compensation for damages resulting therefrom.

Article (30)

- The Authority may issue a decree to halt the production or supply of water If it

appears that its source or supply system is polluted, and it may close the source or
system if pollution continues, and it must notify the relevant Authority of this and to
eliminate the pollutants in an expeditious fashion.

Article (31)

1. The Authority, in coordination with the other relevant parties, may consider any
area that contains ground waters a protected area, if the quality or quantity of water
is in danger of poliution, or if camrying out the water policy requires such action, on
condition that it provides alternate water resources.

2. A notice shall be advertised in the local news papers thirty days prior declaring an
area to be a protected area, including restrictions on use of water, and it may also by
a subsequent notice cancel or amend the onglnal notice whenever such action is
necessary.
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Article (32)

Anyone who causes pollution in any water resource or its supply system must
- remove the pollution to that source or system at his own expense, and in case he
refuses or fails to do so, the Authority must remove the pollution and carry out the
cleaning operations on the expense of party causing the pollution after notifying him
of this regardless of the costs, which shall be levied form him in accordance with the
Law for Collecting Public Monies.

Chapter Nine
Control and Inspection

Article (33)
- The Authority shalt carry out the tasks of control over the water resources including:
1. Keeping records that contain detéiléd_ information about water usage and licenses.

2. Licensed Operators of water or wastewater facilities must give periodic repdrts
concerning the production, distribution, or use of water at the times set by the
Authority.

3. The Authority: shall have the right to set the necesséry rules and standard for
inspecting, calibrating and repairing damaged meters-and to control the leak of water.

Artic!e (34)

1. WlthOUt contrad:ction from the provisions of this Law, the Authority may ask for
requisite of land and property or enter the property of others in order to carry out its
activities.

2. The Authorlty shall have the right to inspect water resources and systems of
supply, and any place where poliution is suspected and to enter any private or public
property or building fo accomphsh thls purpose in accordance with proper
procedures. .

3. The Head of the Authority will assign by a decrge, the employees, whom will be
given the status of Law Officers, to apprehend crimes and violations which have
been prohibited by the Law.

Chapter Ten
Viclations and Sanctions

Article (35)

Without derogaﬁon from any mors onerous punishments provided for in other laws,
a) A prison sentence of not less than six months' nor more than one year or a fine of
not less than one thousand dinars and not more than five thousand dinars or its

equivalent in local currency, shall be imposed on any one who commits any of the
following actions:
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1. Poliuting any water resource or supply system, or causing such action and failing
to redress it within the period set for him by the Authority.

2, Drilling ground water wells without license or contradicting the terms of the Izcense
issued to him.

3. Violating on any water resource or sewage system, causing its damage or leading
to the break out of one of them.

4. Supplying water to or permitting the supply of water to him or to others without a
license to do so.

b) A prison sentence of not less than one month and not moré than six months or a
fine of not less than one hundred dinars and not more than one thousand dinars or its
equivalent in local currency shall be imposed on any one whom:

1. Carries out any activity or tasks, which is not permitted for any one other than the
Authority by virtue of this Law without the prior written permission of the Authority.

2. Acts with respect to water resources, waters, or related projects or public sewage
in a manner that contradicts the provisions of this Law.

Chapter Eleven
Final Provision

Article (36)

Anyone who is convicted of carrying out any of the actions specified in Articie (35),
the court may sentence him, to pay the cost of the damages that have resulted from
his violation and to be obliged to remove its causes and consequences and return
the status to what it was before he committed the viclation, all that to be done within
the period that is specified for him by the court, and if he fails to do so, the relevant
authorities shall order the implementation of these aclivities and shall charge all the
costs to the defendant.

Article (37)

In case of repetition of the crimes Ilsted in Article (35), the punishment stated in that o
article shall be doubled. _

Article (38)

Licenses issued by virtue of the prevailing Laws and regulations, before endorsing
this law, shall continue to be valid until its period is finished, and it is brought into
compliance thh the provisions of this Law.

Article (39)

The owner of land or real estates which is being damaged as a result of the entry of
the employees of the Authority shall have the right to reasonable compensat:on
either for the denial of his ability to use the land, or any damage occurring to water or
crops or the deprivation of the water resource.
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~ Article (40)

By virtue of the provisions of this Law, all rights to supervise, regulate and plan for
the water resources shall be transferred to the Authority upon the coming into force
of this law.

Article (41)

Without contradicting any of the provisions of this Law, the relevant governmental
authorities, or private or official institutions, or municipalities shall continue to
exercise the authorities and responsibilites granted to it under the laws and
regulations that are in operations tiil the regional utlhties referred to in the provisions
of this Law are brought into existence.

Article (42)

The Cabinet of Ministers, based upon the reéommendatiori of the Council, may issue
any regulations that it finds suitable, to implement the provisions of this Law.

Article (43)

The Law of the Water Authority. Number 2 for the year 1996 and any other legislation

that contradicts the provisions of this Law are hereby revealed.
Article (44) |

All parties, each within is Jurisdiction, shail 'implement the provisions of this Law
which-shall come into force 30 days after it is published in the official gazette.

Issued in Ramallah on 17/ 7/ 2002 AD
8/ Jamadi Awwal/ 1423 A.H.

Yaser "Arafat :
Chairman of the Executive Committee
of the Palestine Liberation Organization

- -Chairman of the Palestinian National Authority
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| ‘Appendix F .
Sludge Reuse Experience in Egypt,
Jordan and Tunisia




Institutional Aspects - Egypt

Under the current framework, water quality management responsibilities are shared
by a wide array of government institutions at the national, regional and local levels of
the GOE. In addition, a number of supporting institutions, such as Scientific Institutes,
Universities, and NGOs, play 2 role in policy formulation and implementation. A
brief description of these institutions and their role are as follows:

Ministry of Water Resources and Irrigation (MOWRI): The central institution in
water quality management is MOWRI. This ministry was given the responsibility to
review applications for discharge licenses from municipal and industrial facilities,
inspect facilities to ensure that adequate treatment facilities are in place, and issue
licenses to discharge if all appropriate conditions are met. If the Ministry of Health
reports violations of the license, MOWRI issues a violation notice that requires the
facility to improve its discharge quality. After three months, if subsequent sampling
by the Ministry of Health indicates no improvements, MOWRI fines the facility for
failure to comply with Law 48.

Ministry of Health and Population (MHP): The MHP has been given a central role
in water quality management, especially in setting standards for the quality of the
following:

¢ Potable water sources (River Nile and canals)

o Drain waters that can be mixed with other waters for drinking water.

e Industrial and sewage treatment plant discharges.

e  Wastes discharged from river vessels,
Besides developing standards, the ministry must sample and analyze all industrial and
municipal effluents and all drinking water treatment plant influents and effluents as
well, which is considered a significant load of work.

Ministry of Housing , Reconstruction and New Communities (MHRNC): The
General Organization for Sanitary Drainage in Cairo (GOSD), The Alexandria
“General Organisation for Sanitary Drainage (AGOSD) and the National Organisation
for Potable Water and Sanitary Drainage (NOPWASD) are major organisations within
the MHUNC that have the responsibility for planning, design, and construction of .
collection systems and municipal wastewater treatment plants. ‘

Ministry of Industry and Mineral Wealth (MIMW): The General Organization for
Industrialization (GOFI) supervises pollution control, safety and health issues in
industry through its General Department for Environmental Protection. It also ensures
that new plants include industrial waste treatment units. MIMW decree No. 380 of
1982 requires compliance with all applicable environmental laws, regulations, and
standards as a condition for granting industrial licenses. A clause to this effect is
written into all industrial licenses granted by the MIMW, committing the industry to
taking the necessary preventive measures, such as installing necessary control
equipment, to prevent pollution to the environment. However, GOFI does not perform
any inspections at industries and, therefore, does not monitor whether industries are
actually in compliance with these license requirements

Ministry of the Interior (MOI): The MOI, Egypt’s national police force, has for some
time meintained the Inland Water Police, a special police force for enforcement of
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Law 48/1982 and protection of the environment in general, The Inland Water Police
provide guidance to citizens and take enforcement actions for violations of the
environmental laws. Law 4/1994 provides additional authority for this environmental
police force, specifying that the MOI shall form a police force specialized in
environmental protection within the ministry and in its Security Departments in the
govemnorates (A.rt:cle 65 of the Executive Regulattons)

Sc;enttf e Instxtut:ons and Universities: In terms of supportmg institutions, Egypt
benefits from having a number of scientific institutes (e.g. the Academy for Scientific
Research and Technology, the National Research Center, the National Water
Research center, the National Institute for Oceanorgraphy and Fisheries Research )
~ with research capabilities and universities (e.g., Ain Shams University, the University
- of Cairo, the American Un1ver51ty in Cairo, the Umvers1ty of Alexandria) with good
~ environmerntal science, and engineering’ programs ‘at both the undergraduate and

graduate ievels. These institutions carry out basic and apphed research on water
quahty management issues. ‘

_ SeWa‘ge Sludge Reuse — Jordan

Current. Practzce. The main pracnce for sewage sludge produced from wastewater
treatment plants in Jordan is the disposal to solid waste landfills. However, for uses of
: sludge in agnculture the J ordaman Standard JS 1145/1996 i 1s adOpted

Sludge DtsposaI/Reuse Gmdelmes‘ ' Accordmg to the Jordanian Standard s
-1145/1996 sludge is the wet or dry solid material, resultmg from treating wastewater -
in wastewater treatment plants Untreated sludge 1s not allowed " for agncultural
purposes. : :

The deﬁmtlon of treated sludge involves the dtstmcnen between first and second level
of treatment. First level treated sludge is the sludge that has been treated according to
the following methods .

° .Aeroblc d1gestton of sludge for a minimum of 40 days at 20°C to achieve a
minimum of 38% volatﬂe solids reducttom

e Air drying on beds for at least 3 months.

e Anaerobic digestion for at least 15 days at 35°C or 60 days at 20 °C to achieve
a minimum of 38% volatile solids reduction.

® Compesting for a minimum of 5 days at 40°C. During composting sludge
temperature should exceed 55°C for at least 4 hours,

o Lime stabilization by addition of sufficient lime to maintain a pH of 12 for at
least 2 hrs

» Any method that can achieve pathogen, vector and_ VS reduction equivalent to
the ones obtained by any of the above methods.
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Second level of treated sludge is the sludge that has been treated according to the
following methods:

e Composting at a temperature of 55°C for at least 3 to 15 days, depending on
the method employed (closed vessel, aerated pile, wmdrow composting
method)

o Heat drying in direct or direct dryers to achieve a minimum 90% solids
content.,

First level treated sludge can be used to improve the desert soil. It can also be used in
the lands ready to be forestry. The application period is between April and end of
June.,

Second level treated sludge is appropriate for the uses described for the first level
treated sludge while additionally the sludge can be used when preparing the soil for
planting trees, seeds and field crops upon condition that it should be cut or eaten by
animals after at least three months of fertilizing, Furthermore, it is not allowed to use
sludge in vegetables fertilizing, turf lawn, gardens protected agriculture and in the
urban lands.

The contamination of water basins, should be taken into consideration during the land
application of sludge. Also the fertilized lands should be far from dams, valleys
surface water and water harvesting projects. The sludge for agncultural purposes
should be added after the official approval. ‘

When sludge is used for agricultural purposes chemical limits as well as pathogenic
parameters must be followed. With respect to chemical pollutants the limits are shown
in Table 1. The pathogenic criteria for sludge used in for agricultural purposes are
illustrated in Table 2.

Table 1: Maximum Level for Chemical Elements Concentrations in Treated Sludge

Element Elements Average Addition to | Maximum
Concentration in | Elements level Accumnlative
Sludge (kg/halyear) Elements in Soil
(mg/kg DS) (kg/ha)

Arsenic As 75 2 41

Cadmium Cd 85 1.9 39

Chromium Cr 3000 150 3000

Copper Cu 4300 75 1500

Lead Pb 840 15 300

Mercury Hg 57 0.85 17

Molybdenium Mo 75 0.9 18

Nickel Ni 420 21 420

Selenium Se 100 5 100

Zinc Zn 7500 140 2800

Cobalt Co 150 1.8 36

Ha = 10000 m*
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Table 2: Pathogenic Pollutants Limits of Sludge Used for Agricultural Purposes

Pathogenic Pollutants Pollutants Limits in Treated | Pollutants limits in Treated
Sludge to the first level Sludge to the Second Level
Escheria Colli (MPN) 2x10° MPN/gm 10° MPN/gm
Salmonella 1 Not limited <3 MPN./4gm DS*
Nematode Eggs Not limited <l egg/dgm DS*
: Intestmal vn'uses Not limited <1 (un'it)[4gm DS*

*: Dry Sohds

- Institutional and Financial Aspects — Tumsla -
In Tunisia resp0n51b111ty of wastewater reuse in agnculture is shared among various
Ministries: the Ministry of Environmental and Land Management, the Mlmstry of
' Agnculture the Mxmstry of Pubhc I-Iealth and the Mnustry of Tounsm

In Iarge c1t1es the National. Sewerage and Sa.mtatlon Office (ONAS), a sub51d1ary
-agency of the Ministry' of Environment and Land. Management is responsible for
‘wastewater collection, treatment and dlsposal This mcludes constructwn operatlon, -
and mamtenance of the. entn‘e samtatlon mﬁ'astructure - .

The Mlmstry of Agnculture is. resp0n31ble for the unplementatlon of wastewater reuse

3 progects, ie., supply and development of irrigation' schemes -(pumping stations,
" reservoirs; pipes, etc). This work is carriéd out by different Departments and includes

collectmg charges, momtonng the apphcatlon of the- leglslatmn related to wastewater

reuse, conductmg research .on wastewater reuse in . agnculture and formulate

: wastewater reuse standards ' : : : :

| The Mm:stry of Pubhc Health is respon51ble for the regulatxon of the hyglemc quahty
‘of reclaimed. water and of irrigated crops, for+pollution monitoring and pollution
control enforcement ,

The Mlmstry of Tounsm participates in ﬁnancmg wastewater reuse pro]ects for
- irrigation of green areas (gold courses and hotel gardens). A better coordination
among_institutions in charge of wastewatér reclamatmn and reuse is requn'ed to
prevent responsibilities overlapping.
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