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Consortmm (A TC)
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\Establisiled in 1997, the Appropriate Technolégy Consortium

(ATC) is a cooperative effort of Israeli, Palestinian, and Egyptian -
non-goverimental organizations (NGOs), research scientists,
consultants, and municipalities to €stablish low-cost, efficient,
and replicable wastewater treatment and reuse systems in rural
areas of the Middle East. / : (

Major activities include:

& The establishment of a wastewater treatment pilot site in
Sakhnin, Israel; B .

T

‘@ The establishment of a wastewater reuse, or irrigatiqn; pilot site

in Sadat City, Egypt;- ‘ A
The establishment of a full-scale wastewater treatment and

irrigation system in Beny Zaid, West Bank; =~ - , -

Training programs for municipalities and farmers on
wastewater reuse in 1rr1gat1on - -
Pubhc awareness raising programs on the benefits of
wastewater treatment and reuse; .
@ The establishment of regional resource centers in Israel the
West Bank and Egypt to provide information, educational i
programs, and consultancy services on wastewater treatment and
reuse.

‘




Why focus on Wastewater7

Wastewater is “the spent or used water from a home, commumty
farm, or industry that contains dissolved or suspended matter.”

(US Environmental Protection Agency) Left untreated,
wastewater cain pollute freshwater and soil, endangering the

* environment and allowing for the spread of disease, thereby
threatening human lives, The World Health Organization
maintains that: “No single type of intervention has greater overall
impact upon the national development and public health than does
the pr0v151on of safe drinking water and the proper. dlsposal of
human excreta.” -

\

Why is wastewater treatment and reuse important for
‘the Middle East, and especially for rural areas?

Water scarcity and contamination of surface and groundwater are

major jregiorial Middle East problems. Water resources are

insufficient to meet rising demands due to dramatic i increases in

~ population and water consumption. Lack of natural resource

planning, the inadequate maintenance of existing systems, and the
" absence of appropriate sewage treatment facilities have resulted
in serious contamination of grouildwater and soil. Wastewater
treatment is desperately needed for the protection of freshwater
sources. Reuse of treated wastewater is important for irtigation.

- Why are appropridte technologies important?

* Most urban wastewater treatment systems are energy intensive.
Such systems are costly and require complex mechanical
equipment and hi ghly skilled personnel. Attempted transfers of '

urban intensive technology to rural areas in the Middle East have
failed. -
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Rural areas of the Middle. East are in need of wastewater
treatment and reuse technologies that are appropriate to their
climate, economy, and populatlon In contrast to intensive

systems, extensive Wastewater treatment technologies depend °

prlmarlly ori natural components Extensive systems are suitable
for rural areas since they are low maintenance and simple to
operate. They also require low investment costs, and their la,rgé
land requirements are easily satisfied. Furthermore, these
technologies are more efficient in pathogen removal, and
therefore carry a greater ability to protect against-the spread of
disease. Yet, there are currently only a few extensive wastewafer
treatment systems exilsting in small, isolated settlements in rural
areas in the region.

Why work together as a reglonal consortlum?

By their very nature, water resources cross political boundaries.
Scarcity of water and contamination of water resources by
untreated sewage are therefore shared problems of every country
i the Middle East. Competition over the sparse water resources
is one of the major causes for political crises between states in the
region. Working together to solve water problems is therefore
one means of encouraging peace in the area. The formation of a
consortium such as ATC also enables knowledge exchange, -
thereby facilitating the development of solutions to a wide variety
of prob}ems and questions relafed to sewage treatment and reuse.
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About Sakhnin.

| . Sakhnin is an Arab town llocatediin the Galilee region in the north

of Israel. The town was first inhabited 5,500 years ago. It
acquired its Arabic name from the original “Sugini,” meaning,
"‘settlement of the occupier,” given to it by King Sergon Il in

- 586 B.C. Today, Sakhnin hasa pépulation of about 21,000.
Located in the Beit Natufa Basin,‘Sakhnin consists of 2,400
hectares (24,000 dunéms) of rich agricultural lanci, on which a
majority of olive trees and seed crops ate grown. Although most
of Sakhnin’s population is employed outside of the agricultural
sector, approximately 3 percent of the population receives its
main income from farming, and many others receive ‘partial
income from the sector. Many young people in Sakhnin have '
-expressed their desire to.farm full-time, but the current lack of
available water for irrigation purpbses prevents them from doing
SO. ‘

Sakhnin is the only Arab community in Israel to have a basic

~ sewage treatment system. The existence of a basic sewage
collection and treatment system in the town has enabled ATC to
work with existing facilities in its research. .

The Sakhnin Wastewater Treatment Pilot Site

The Wastewater Treatment Pilot Site began operations in July '
1999. Its main objective is to test effective and appropfiéte '
wastewater treatment technologies for rural areas. Land
availability, population size, climatic conditions and
socioeconomic considerations were all taken into account in the
selection of the treatment technologies to be studied. These
factors all pointed to the need for wastewater treatment in
Sakhnin that was extensivé, reliable, simple, low-cost and low-
impact. However, rese‘arqhers“fouﬂd that the usual combination

\
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of extensive treatment uriits (anaerobic ponds, facultative ponds,
and a reservoir) results in high water losses, due to the high
evaporation rates in the Mediterranean region. The Sakhnin pilot
site was designed with the goal of alleviating these problems and
of implementing a‘replicable, comprehenéive model of .
appropriate technology for wastewatet treatment and reuse for
sustainable agriculture in rural areas of the Middle East.

Prior to the development of the ATC site at Sakhnin, the existing
basic full-scale facility consisted of the following units:

3 Two anaerobic ponds (sedimentation ponds which are based on
biological activity without oxygen consumption), each with a |
volume of 5,000 cubic meters; " ’

& One facultative pond (a pond where biologicalyacti\’/ity is
combined with anaerobic and aerobic bacteria);

m One 150,000 cubic meter reservoir.

Treated wastewater, or effluent, from the reservoir was also .

already being used to irﬁgaie local olive trees.

ATC incorporated the raw sewage and effluent from different
stages of the already-existing facilities into avariety of treatment
schemes in order to evaluate their performance.

-

.




" The ATC Pilot Units™ . :

The following extensive and sermi- -extensive treatment units have
been installed and are currently bemg studied by ATC at the pllot
- site: .

& Vertical Aerobic Beds

& An Up-flow Anaerobic Sludge Blanket (UASB) Reactor

& A Horizontal Subsurface Flow Constructed Wetland

An Intermittent Sand Filter .
A Wastewater Reservoir
Most of these treatment units are well-established technologles
However, evaluation of their performance under rural Middle
East conditions is essential. The selected treatment system will be
an integrated system consisting of several units. The pilot site was
designed to be flexible, thus allowmg for the study of different

. combinations of the units.
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Treatment Stages

"As depicted below in Figure 1, wastewater treatment at the
Sakhnin pilot site occurs in three stages. The units under study
at each of these stages are described in detail below. - + '

v

‘

A 'n'eatmeni Stage 1 Treatment Stage 2 Treatment Stage 3

Raw sewage Vertical beds

< ) O BOD=200

Horizontal WL ‘
P BOD=80
: e
UASB . - - ™ : Re rvﬁir
Raw sewage : : servo
Jljl BOD=200 BOD=30
D- eeeeereeeeenn,
Raw- ! Anaerobic ..

Treatment-Stage 1:

Raw sewage is received from Sakhnin’s sewage collection
system. It enters the pre-treatment anaerobic pond, or
sedimentation pond, where grit and settleable organic solids are

. removed. After approximately two to three hours, the sewage 1s

pumped into one of two semi-intensive units, either the Vertical
Aerobic Bed or the Up FloW Anaerobic Sludge Blanket (UASB),
where it receives initial treatment aimed at reducmg the biological
oxygen demand (BOD) to approx1mate1y 200 mg/l

\ .
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Vertlcal Aerobic Beds * .
(Unsaturated Flow Blologlcal Filter with Passive Air Pump System )
Three Vertical Aerobic Beds ex1st at the site. In this system, a
passwe ’ air pump, driven by a'fill and draw-hydraulic operation
cycle, prov1des for.aerobic conditions. Wastewater trickles

B through the “bed,” which is composed of two layers of gravel:

@ an upper layer of small sized gravel which serves as the support
media for the microorganisms that degrade the organic matter in
the wastewater; \

@ a.coarse gravel layer in the bottom of the bed to allow for
efficient dramage N
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B Up Flow Anaerobic Sludge Blanket Reactor (UASB)

The Up Flow Anaerobic Sludge Blanket Reactor (UASB) is an
extensive wastewater treatment unit that was developed in the
early 1970s. The unit at the Sakhnin site is a modified simpler
version (RALF) with conic geometry and without the typical
complex separation device of most UASBs. Its success lies in the
establishment of a dense sludge bed in the bottom of the reactor,
in which the biological process takes place. This sludge bed is

formed through the accumulation of solids and bacterial gro‘wt'h:

Sgizw;age is pumped from the anaerobic pond after an initial few
hours of retention time. It enters from the bottom side of the
reactor-and is collected by an overflow channel surrounding the
upper circumferenée of the reactor. A baffle inside the top of the
reactor prevents.scum release from the reactor as the effluent
moves to Stage 2. -

v
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Treatment Stage 2: -
Following completion of initial treatment in Stage 1, the sewage
flows to Stage 2 for further treatment. Currently,.effluent enters

either the Constructed Wetland or'the Intermittent Sand Filter unit
for Stage 2 processing. T -

Constructed Wetland

' A natural wetland is an ecosystem where the water surface is near the

ground surface long enough each year to maintain saturated soil
conditions and related vegetation. A“constructed wetland” is a -
wetland spe\bifically built for the purpose of pollutidn control and
waste management, at a location other than that of existing natural
wetlands. (US EPA)  ° ‘ \

At the Sakhnin site, treatment of effluent takes place in the
Constructed Wetland, following treatment in either the UASB or
the Vertical Beds. The Wetland consists of a gravel bed through
which the wastewater flows horizontally. The gravel serves as the

-oo-.-oo--an--q-ooo-ao.--no.o-c-.-.-o.
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support media for microorganistns as well as for the roots of the _
pIants growing there. The removal of contaminants from the
wastewater is obtained through anaerobic biological degradation,
adsorption, sedimentation and filtration. As long as the water
level is kept below the surface of the media, there is little risk of ' '
proi)lematic side effects such as odors or insects.




Intermlttent Sand Filter (ISF)

' Sand filters have been used for several decades for treatmg both
freshwater and wastewater. Intermittent sand filtration doses the
wastewater onto a sand bed “intermittehtly,” arid is used to treat
effluent following other types-of pretreatment processes, such as
aerobic ponds. The ISF at the Sakhnin site has been designed to

"provide high-quality removal of contaminants, pathogen
reduction, and nitrificﬁtion of wastewater effluent. Wastewater
flows downwards through the four layers of different sizes of
sand and gravel (rangmg from 0.4 -20 mm). The ISF removes
contaminants in the wastewater through physical filtration and
biological processes. ISF units are known for their ability to
produce a high quality of effluent that can be used for irrigation:

~
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Final Treatment Stage:

After comipleting Srtage 2, all sewage enters the final stage of the
treatment process. At this stage, it receives final cleaning to
prepare it for reuse or for returning it to the surrounding .

“environment. At-the Sakhnin pilot site, the final stage consists of -
a Teservoir. '

) . .
Wastewater Reservoir o g
The reservoir is always the last treatment stage. Besides serving
ds an operational reservoir, it provides for final polishing of the '
effluent prior to its reuse. When designed and operated properly,

. stabilization reservoirs can remove 90% of the BOD and
detergents, five orders of magnitude of fe¢al coliforms, and other "

| pollutants including heavy metals, refractory organics, and
general 'toxicity.. ‘ ' ) ‘ o

.
°
.
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Consortium Partners

- Leading Institutions:

" The Galilee Society (GS):
The Arab ‘National Society for Hea!th Research & Services
Shefa Amr, Israel
Websue http://www.gal-soc. org

PrOJect Coordinator

The Galilee Society (GS) is a leading Palestinian Arab non-
partisan, commﬁriity-wide’, non-governmental organization
(NGO) established in 1981. The overarching goal of the Galilee
Society is to achieve equahtj} in health, environmental, and socio-
economic conditions and development opportunities for the
Palesti'ni'.’?lﬁ Arab citizens of Israel, both as individuals and as a
national minority. The GS acts as project coordinator of ATC, in
addition to working with the Technion on research operations and
monitoring of the Wastewater Treatment Pilot at Sakhnin. ATC’s
offices are located at the new laboratory facilities of the Galilee
Society’s Regional Research & Developmeflt Center (R & D
Center) in Shefa ‘Amr.

* The Technion, Israel Institute of Technology

. Haifa, Israel |

.- Website: hitp: ://www.techni\on.ac‘.il

* Wastewater Treatment Pilot, Sakhnin, Israel

The Technion is the major institute in Israel for higher education
in the engineering sciences. It is comprised of 40 Research
Centers and 11 Research Institutes, and employs over 700 faculty
members in 19 academic departments. The Technion group,
headed by Prof. Michal Green from the Factity of Agricultural
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Engineering, specializes in biological wastewater treatment.
Together with the Galilee Society, the Technion shares V
responsibilities for the design, monitoring and operations of the
Wastewater Treatment Pilot in Sakhnin. |

Palestinian Hydrology Group (PHG)
Jerusalem-Shufat, West Bank

- Website: http://Www.phg.org/mdex.htmI
Full-Scale Treatment and Reuse Sysz‘em at Beny Zaid, West Bank

' Established in 1987, the Palestinian Hydrology Group (PHG) is
the largest water resources and environmental professional
consultancy group in the West Bank and Gaza. PHG is dedicated
to building local water resource development capacities, and
improving health and socio-economic conditions by developing
existing water resources. PHG has laboratories in the West Bank.
and Gaza and a water resources information system. It provides
consultancy to water professionals, municipal and national

~ authorities, and international organizations and development
programs. As an ATC partner, PHG is responsible for the design,
construction and operation of the Full-Scale Treatment and Reuse
System at Beny Zaid, West Bank. PHG is also actively involved
in planning and implementing ATC’s community and farmer

. training programs.

i

Egyptian Center of Orgamc Agriculture (ECOA )
- Cairo, Egypt
: Irrigation System Pilot Site, Sadat Clty Egypt
- Established in 1995 by a group of professors, researchers,
ecological farmers, environmental activists, and consumers, -
ECOA is a non-profit, non-governmental organization. The over-
riding goal of ECOA is to protéét the environment through -




promoting ecological agriculture. ‘As an ATC‘pertnerl,_ ECOA is
responsible for the design, construction and operations of the
Irrigation System Pilot located in Sadat City, Egypt.

Municipdlities: ~

Municipality of Sakhnin in association with the Towns’
Association for Environmental Quality - Agan Beit Natufa -
Sakhnin is an Arab town located in the Galilee region of Israel,

- with a population of approximately 21,000. The Sakhnin
Municipality operates a training center on wastewater treatment,
and-agricultural and energy conservation technologies in
association with the Towns’ Association for Environmental
Quality (TAEQ). The training center is located at the Wastewater
Treatment Pilot Site, and includes an educational lab and a
training team connected with local schools. The Municipality and
TAEQ work. elosely with the Consortium’s partners on pilot
facilitation. They also provide office space and administrative
resources to the project. |

. Beny Zaid /V?umc:pal Council
Beny Zaid i is located in the Ramallah district of the West Bank
and 1ncludes the villages of Deir Ghassan and Beit Rima. There
" are approx1mately 6,000 residents living within the Municipal
Council’s Junsd1ct10n Though its villages were among the first
in the West Bank to receive tap water, all sewage from the ’
municipal area remains untreated. Beny Zaid’s economy is
agriculture-based and the area is known for its high crop yields.
The Mun101pal Council has allocated land and staff to ATC for the
Full-Scale Treatment and Reuse System.



El Sadat Municipality — | S

El Sadat Municipality, located approximately 90 km north of : '
Cairo, is home to approximately 20,000 residents. The town -
includes recreational areas, an industrial' zone for carpet and tile
production, and citrus and olive agricult}lral areas. The
Municipality maintains a sewer system and limited treatment
facilities. El Sadat Municipality has allocated land to the ATC
project for the Irrigation Pilot.

Technical Consultants:

Juanico & Friedler - Mediterranean Ltd. .

An internationally active company, Juanico & Friedler designs
extensive and semi-intensive sewage treatment and reuse plants,

" which are specific to temperate climates. '

Prof. Robert H. Kadlec ,

Prof. Kadlec is Professor Emeritus of Chemical Engineering at
the University of Michigan, and the Principal of Wetland :
Management Services, Inc. " _ e

AR
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The Sakhnm Pilot Plant

- for appropridte wastewater treatment technologles for rural
- areas of the Middle East ~

Design:

\

Construction: -

Operation
and Momtormg

Coordination:

_The Technion, Faculty of Agricultural Engineering:

Professor Michal Green, Dr. Ori Lahav,
and Dr. Sheldon Tarre

Tgchnical Consultants:
J uanico & Friedler Mediterranean Ltd. )
Prof. Robert H. Kadlec

Fhe Galilee Society and the Technion

The Galilee Society:

Dr. Isam Sabbah,

Tayseer Marzook (engineer),
IbrahimAbu Zeid (lab technician),

and Jameela Omari (lab technician)

The Technion, Faculty of Agriculturél Engineering:
Prof. Michal Green, Dr. Smadar Admon,

Dr. Sheldon Tarre and Eng. Beny Lev

\

The Galilee Society | -

.
' +



o BRI
fl

. —_— - (\\/‘)VL(‘>\

y

Gawaddl § gmald 55 4 (o ol guagdt ds ganna Jalod dasan
el )01 Ll LK & gl dst 3l Cpsalaatdff Lobal Lol fprandl
- Lnall Sladadhy & pasll

3 . .

o g1 3 pillf Al 8 pains (15 6 g piio gl 586 Ja3aT

P NSy Lo .
Pt 3 ey e ot
P75 TR T

L e 5 TCRI R ST

My

ey .
i e L - gt
S ey -

s i SRS,

1N Tereh
TR fer g,

B e v e e

Gast i ok k2 Sl




Y

'

el el g ot skl 3 S5 Sadal
b ¥ ol A8haie 5

Regt] ek ) Ll g

talal Laras
Laall & gasll s cload tl G0N Lo jall Lonaal)

o Ol gt ol 5 gl de gans

L gudall ‘kb}U- skl 51

(Ll Eussig) b of $3SEL L1 s ¥ agall - o 5325l

t



e diad) b Bl g g o B 1S g

() Jlad) Daman . 38310 Gl B

Orilerlal] oo sl s e gane |
U (Lol L)
(e) Ly guadl el )50 (5 rumll KM
G o) 53S0 81 uuY) sgall - & idall
(JSl)

(il Tl ) e Losly pulae Slaatal
e alas] e sl (81 ul) cpidon Lol
| el (g - Bl 8o ]
() Sholiall Loy \
b gl) a5l Bugundt Slusds sSilsa O9S § 9 lihana
' (Jlsel) o
Banill LY o) chlalS s s d g
(25 50Y)

Tt

(5l nd) ) Loman £ 9 74ub! usie

cuns Ll pall Loail] A0 5a¥1 DS 3 5,10 505 byl e Baclisey 3K s} (5
Yy cpil 3l T e (o o oS 8 a1l SaY1 PCE-G-00-98-00011-00 o3, das
Lyl Lol L a0 S g 5 by s 855 b5 a3

/



Sl ol 3 S 3 g L5 58 Lapienall Leky 1) eaiill g5 0
- Ofiabasge DL @ rmn s Didaald s DS ] dae S 2
Bulels dadlae Lokis] Gurals Jai o @bl s oliue s slale
otaals b g1 30 5 B Bhliall g5 Laulalf slualf plai]
\quekﬁ‘ﬂib&*}&ﬁﬁdﬁj wb.oJaMJ

(J_._\IJ_H.I),_J.J.;JI Toran 22 g g rdall 3 Gl ¥) da 0 £IS,000 )

el ol g uaall S8 sall o (ulaadd) ppnialaculdl) Cpsans ol o suagll de gana s

Y s Sl () el 0 532 e 5 (o) Ly guaal)

- s

+ Sl ]

|8 ol Lootal) sluall aludii) Bolel Liald pad duny Bua gy B

s = Slalad) Laas

ey e Bilie 8 o5 Tostal) slaall Tatlaal JolS AlSS i E
. o | | mez_a,‘sj_l'

sluall ‘;Lx;_..wl sale) Jsa e 152alls s bl Ly 55 el B
(sl b Teolall

\A“.Lu.uu‘ a..\Lc.‘ dadlas G dolda WY JJA Lo e 65 c_ab__a g

. Aaslad) slaall

o o g Lusall Aol g U8l ol (8 Leasll] Holias 38 se G5
Lallas Joa Loliin) oload 5 Luanlad ol sy Slaglas 5ud 5 Ja
S  Zaolal) sbaal aladi Balel

v



fGoilal ol Lo Sl iU

£ M @ smll o e (AN sLl 5 Loadiad] sll)” oo Loustall sl
Lol Lloa UISy) "Talle 51 L515 olga e g 53a3 delin (5

Liall sbld & 5l5 Lals Latlas & 5o Loatalt okl =S 53 Lo Vil (4S5 0]
i 5Y1 s Lol yo ¥ L] 3 i g Bl e 1bA JS85 saay Ll
sase ¥ ol JsB Llall dsall Taliie o5& el Slin 53g5 el
L35 o ST Lolall daally Joladl Hlall e 55 oS0 Lago (o
"ol lilie (e aabul (aliilly dadlas sliay paiad

d.m.l!”.aylu.o doiladl ol ,ol.‘.m.wl dilely a;JLf.o $ 13l
S I Gl 3 ol Laaws¥l Gyl b

JSLALY (o o2 Tk pall 5 Fumboall ol 5855 alal) om0
LIS e 81 5Leal) oltuim e 331 3l Legnl g 30 s
shaxall 3 el w5l 1) ell o s s Bl 3l sleall clalia)
Dol sl Tk s ym 5 ki o olatl gian] 5 ML 5 SISl
oo dadlal S Magass Gk b g 8 pm s LelaiU LIS 2 Tl
Ay T ol k58 ] 5] 5 pmn S ol
sobas Llea ol o ostaldi LA Tatlal Louls dala Jlia o)l wle g
(55 yionaS Ealalt Loolall slill ahadte] Eale]y Lkall oLl

: el

Shaio bl Lo glgiill yiad 15l

ER N uu@mw\ Tooladl sleall dstlae Lalali alins y3a3
Shlee (553 0adlh go a3l Bulne L0100 Bgal M glias s LK.
611;,@\;,; ug;@1bu&@eyjmmm\m3 e

{,;3@ Zoslall NIUIREECH| ma u\uj ol 4_~.Lu Lus¥l
o8 Tl Tl Zali e e s guluaiiY) gt sl liall g
Jal gall UJL 3 (3onS labue lbs i) & Lyl Lollaall Lok




’

Uy Lls ol TS 5 m Lok 1 Golial] Loaslin pa g Linlal)

O p A5 & Laiienl Z8IST ) 2 lay allailh fas Jie o LS szl
0528 53 Jgmadl (o 5ol 525 (Y] s Tl daliss JolBally bty
L350 BN A1) 5 Dulle SeUS I3 olaill oda ol ol ) Tl
Gal 55 0 Y1 o1 pa¥1 ,LaS] il ST 5 55 Lpad ellil (L Sl
LUl Slaanill 3 Loolall alaall Zatlaal Lkl oIl e 50
33kt 3 Tl 3hliall b S0 5 puieaal

Q,a.m.umu Leo Joss s

c_“, UL, s (6 Lrawboaadl S pually 35 Y Lol pubinall dagels )
o JSUas o Tallaall ud golaiall sles Lol Ll sBg salinall
bg,m solias Jom Guilisfl olaells ) L3l dakaiall 8 23 Jpall oy

SLa35 Lot sl oal o oo 31 35800 3 AL

da Jaf oo b Jaall L6 elhaly 28ksall 8 &bl G ol
Ol aiall 8 Ml Libes pan sl Joodl (san] o LAL JSLtwall
JobsS e aelun " Loyl Luds )1 Ll p g pdie " Jio alas] J<as

Zallaas Zalavall Blucally JSUEaY sladl 5 sld Jgams 5 oloslaall

wdealad) sbaal alodsin) Sule)

fu.u.‘a.«.uu.; L‘Loj

‘J.s_usu_mj Ju‘ﬁwm@@g\m@@ﬁm&um -

2 gl " ghasa” ¥ e ooall lpan] culiS] s aleoo
Ji5 0 AT ale S gy ellal] alawT (o315 * JRavall llaial”
A V1,0 s pgall it i e a3 3l

YE, JL&AYE L)AUJSAJ‘&JM‘LPPLHU;M@JAC_QJ

,,,,,

e Oolans Sy Lghe oﬂ?—w;’z"-: pelis o g linny ISl e

@ .



e s e 0 0 8 s v e e s 0 0 s 8 o v »

’

[ N +

a8 e (i I e S L i 0 S m 63
O3 Jsme ol slae (8 palill oo Jadl pis ol o W saa ol el 55 M

‘ ; Adl ada gadas

pl1s3 g s 0 g3l Bl (8 B o) Lol FESal o pia
el (ool Tallan s paas3 ol s ga y L oo slanall sloal daflas

 Lasaienal) k1 Leasill p g e Gadad Jpow 3l 3

2 6 @ 6 8 8 9-8 5 U T 5 % w v sl s s s e 8 e S 4 6 0 8 5 P 8 e S G N ST s 0 s s s e, 00
. b ) ~ 't : 2 d
. - B » . . . . .

e @ % B, 5 BV V¥ S 0 0 e u's v e @

YV s & e



i B oyl Eodtell olull indles 7o
e i 35S Zookal olall Zatlad cidan 8 gor 5 Lhandl s il
S5 Tlady LaYoam (e B yme 32 M) isghly VAR 3303
L) s 3R o5 ah Bk 3Rl 5 2 Zaslall oLl Eatlat
LG Gl ol s uajm,ﬁjza@a;:;sm,ymds
Slabl Tl il Jaa) Bolae 8 oluaiBYly poliin¥] il
Zoolall sl Zatlas 1] daladl S ZalLiall Jol yall ST a3 g oslal
2525 Ol o] a3 5 AL TaIS, 5 Thavay LOTN 055 Einy i
A gl L5 sl ) s sl a s Tnllall in g o e pann
o 8Ll (50 3 S oliaS (488 (s (plasd facultative ponds
et a3 gl o gl 3 g Tlate o LA Tlladl o
£5es 0k 5 Jol sal 028 Aelels CBEAT g arse o8 b ibie 8
e JaT o Doolall ol aladie] Bolely Zadlal 283 Lt Jols
o g1 38 e 3 Lkl BB 3 el 30 Dol

’ ewdg@@m&g@&m%yw;wrmx#@d
:z:u\:m q\_\adnguw:;f OIS gad Luld il LaY)

dM\uJaﬁgy\Lwlulc dy@)ul.u.alﬂ‘zl LS)..EE
‘ © e a0t v Baaly S daw (S
yLJ—H&L.\.!QJ.L&AL’AJJJ_LLHLLmJlu\pSJuA)FacultathepondEj
| (ST pn LSS, - 8 a5 25 52
woaSe yia Y00, o a phnsl

i

A sl el (g5 padios @;;L\‘;,A Gallal Zoslall ol o
uAb..\A‘J.\l‘G)‘.A.“ébA‘LAJ_\_\.u.‘.U‘L\SJJ.“MA.\.\J\CJHC_JAA1..\AJ
A3 5 5 AY! Tadlall i B ] 3L Ballal) ol (o Zalie Jale”

Aght ands JsT e



g gl Sl ol

Ls‘)mw;wa‘)aﬂ‘csdl‘@bbdiu\sl‘ﬁw‘g_.\‘..\a.\gr—‘_\.\‘a.\sj
ul_\Lq_wb%ggdﬂ,Jr

(R0 85565 s e gt 5) ool gl $3258
(“"k"‘-‘” Jiad o 355) (ShsaY (g4 gole 385 Baa 5
4.;“‘ 385 ( ) 3uBA] pan (S g B

' tm‘dsﬂ‘“-w-lﬁ-‘&w@-wya&\gl

Aaole aLm C.QA.A. :

p\g@f\.@jl%lﬁﬁsob.@dh%ﬁj&:alb@u1a\h3ﬁku&l
s O} LS g5 9 g sl 98 Jaws oW 3l Llaie 8 Loy B0k
s g Bae e (g giny Halsie fallas o Sl o5l o3 (g1 dallald
ESJMLAEJAJ‘UAJ:IS?LH‘JJ:\C’LA—LH:IJ:[J‘)—OL,\SS:J‘:A.IAL‘FA:IJAS."E?‘}UJ

.

b

.

.

.

. .

. -

. 8

.

.

-

-

. -~

..

.

. .
A

B IPIE T SRR




. dxdlal] J51 o
Cpdi 8 g0 5 Lodlall sldl datlae Ol (V) a3, 3505 (3 Cree 54 LS
e il laa gl padle b Lasis Jad e S35 (3 s a5

:z_\%gds?_n@;wuy

A S Adlsa o Y %Y

Toale slga + . Lople Bty |

BOD=200

C ~

‘,—-.Scés..\ls.\:._,‘ -

foleokss j'jl BOD=200

(1) iy gosss

Hiodleal Jo\1 Al ol

05 Lo B g i Bise (el ol Ui o3
Toaw 21 o1 bl pran U5 A S s 531 350 5 L1 a1 Ll
V-Viom poloss e} 8538 any .5 Lblially 4Ll ol skly & ucaall
e otaa y M leds o3 350 e 8 oolall Glsa e olelu
(595000l 5l sl Bum s 57 Lot polal B gl B 5 Lol Lan 5 p38
Ulasl) & gl 5 54) BOD Zods Gl elllin al a3 5o
AWpide Yoo a I (Gastan



.‘....l"'..’-..-l..--...‘..‘I’-.......'.............'.'..'..-'...“-..‘.‘....".....-'.

A\l

(Vemcal Bed) '8 golall oa}m.dl a.v.>j

C—'—“*‘J-“‘-L;“JJJ.:*:‘(#MJ*JS&“UJS-"uL“J st e Boke ooa
L;J‘JL;\‘JAG_;@‘:\UQ.‘JUL\JAJL‘
- .&&d\l&wolbﬁ"&m.ﬁ}x

w\wﬁ@mﬂ,&dﬁtfﬂﬂbhg\msmgwgﬂt
uAdJ s e JLWGJL‘-""‘°L“G““J‘(‘-‘44:‘S:‘JJJ“‘%“

e e liads

Gmupsme_m_uw\gw\na_\uw o o L B
L;JL;l1¢L;.a‘_,$4_s9..aa_!lablld)L@_\...uL:
GJJ.AJC)\:IHGA_&SJJLLM&’_\J‘QAAJHJ&LU“?_Quagmd&:\.‘aglé

t

BSam sl e Ladladl sl

\

LI
.
N 1
. 5
F
.
"
L
‘e
..
o,
.-
.
.
.
.
.
.
.7
.
.
.
a !
.
. -
.
» B
.
.
3 T
P
. -
.
.
.
.
.
.
.
.
- .
e ? .
.
o
. -
.
.
"\
.
. .
. l'
.
.
.
Yo
. -
.
. -
.
.
.
. .
.
.
.-
‘e
.
.
3
.
.
.
K
.
.
.
. .
.
. ‘
.
.
.



e v

‘

T I S S I R R R Y R R L R R A Y

130l 53 golall Gl sl i1 g
(UASB)_Leift JI Jousd! 3o

T Bsne Bam g 0 Bokse o i (8 LpaludTn] o3 I Bua oY) Lo

‘ @wgwwwdsmﬁ\@t@m(RALF)L;J:JJJMMJ
(UASB)olan s (o g sl 132 o 5 Jlal 5 LS Buline Jumi han g
L@ﬁw&sﬁ@w w@@dmm.byimcl_uul

Lo o0 138 e d gt u_qw,:zw 500 Sua Sangll ¢ 18 4 (Sludge)

L‘\).\.I&L“J-Q.\J‘JJ‘.SJJ

. ‘J.:.‘.SMCJ‘.;.G_“QLA:;J‘UAL;ICJJ;&\AJJC.‘AHMGJL‘:L“AJ\PJUL

RPN B ool a3 (o lal] dallas sl e Slae oo

@olall 8 Tleall ol sall T AU o1 sbl (o dasand s i 5 o I
@lﬂm‘wﬂ‘ﬁywtg&aﬁus‘)&‘bmuuu.\l_r.uL\J.w[LaS .

dgmuby(s#uynwumgw(w%ew;‘

« % o 0 s 0 s e

2%



a e e e ®

" e o s e

a s o e o6 & & s s © & o s o B

o a4 @ 6 5 8 e & @ @ & 5 e e > s s

-.o-o--o-..-o-l--;-c-ouusncogu-.o--n--

o idleall LSLUNAL> o]
A it

a1 N Loslall sl an 55wl Latlaall 1091 L5k e olgia Pl any

(ral pasa) Ban g M Lol L oa dadlall ol JLas] a2

o illBan o I oT Sagll 13g) Lasiads dal8. Constructed Wetland

Lol yo o ol Jlsin] ellin 5L 0,3 saaall o s) (sand filer) (Lo

- (sl ;5 Eatlaall L06H Ala 13 Tatlaal) g AT st

:‘constructed wetland” pa>i pax jo5>

o i sl T ()il o sa¥l) claiitadl of

o 5 ] (s TS Bl 3 s 05 ol 5 s

~ (constructed wetland) gcumam Rt Ll 3 au e oBLAN g oLl
T CSLYI o AL datlan s & ol ZadlSe (b a0 5LE o a3 540

Y

R %ﬁﬁ;} E
S e g,

E

o L) Lilas () (USEPA) Lapils olaliiens Lod aal 553 Y 31
Lol & 50 a8 555 Of iy (peliboua¥ Y 5 5ol u_gcsﬁwuw
L ) o 22 Y s sadl 0S5y (Vertical Bed) 3 51 (UASB) 8

\

vio-u..--o-o-.-.-.-.-..---.-.-oo.bii,




R J&waﬂ‘dw@“‘d&mcxhl‘ﬁuubﬁwﬁhw‘wwm
SR 2l de o550 @blall 5 s3 al Lol oo 5 & guiall Loy 5 Sl il e
s o 63 I3 L T tlall (g ylall slas oy sl shpll e Julinll o)
S (adsorption) 3Laityl 4 L;;IJA)LM >slsadl Jlashl eibdae YA
e TR TR D SOCICI (O aha oy Dbty v 311
L uu@bmumeuMdsumumwbuunbﬁmuu
A A




e 6 5 s 8 & 0 8 8 s s s 2 s B R 2 e s s

o skl sl Zattal Bae (38 die Lgllastind o3 clua o1l a3 Jia' )
(Lot c_;:,,i\)' il i b ) Laoladl sblt JLA o] % Laalalf
,@uﬁuw\quMlbu\umeij IR
ml\,.a‘z(/ﬁ.ﬁ!%\ ol e Ll 5
wnubnuuwumgusuhgmwu@w@\C_‘,,Jnu\
L;Julﬁu@mj,&duwdﬁjuatﬁmw1gblldm,d
YAty REE0N U‘A._da ol I e Jad ] Leoladl sl (g 503
gl il Janas lia (alo Yo-rn b o T3I5) andly ol
fon ol s lalee 5 35AEN IV Gy Loalall slild 8 =5 50 A5 e
aLm‘L\.c.J.s \:\:S‘GJSLGAJJSJLJJML’_‘A‘)JIH‘)-UU‘Jéju‘.GP‘

' . _ GJﬂLe,clM\usmmuu&




\ . o . Sy
D e e ate 8 s n s v w s, v ow sty

T
‘\vﬂﬂnw.l|®’|.0......lll

' v
, -
~

- R PIESN|

Llae (o Lol dla 5l 5 (g olatl Ja s Lol dla 1Y oo sLgasYl any
s lgtated i lgataatia) Balely Lol L@l Glac (5 5a0 daa Al
| e o ST L8l La 10 GG cpia s Lo 554 Ll

| - P dodlell olull g
TlSa] ) BLalEadlall Yol so (e U yo LAT el 66 Lo Sale
RERUERAIRAINIRN NPPERIS P PRV NP S N (PYRes !
Sy ol o 5 pansd 5 Lo 13l aladandl Bolef Libee 13
3¢l sl sl s BOD e 7 4 S AU e Jans o oSl coanlin g pranst

- (Fecal coliform)Lbstall sl ol yall Citaad Lused s (0 selall)
ol 5 Looally TG SualiallS (52T 2 gle U] e S

¥

. -~

t




, . .

. : :

‘ - E gl gLS gt
J i} éJA\)J\uLm.wj_ll
Lol Sgolly Oloadl Sa}bsll i ).dl a...wJ:

webszte http. //www gal-soc. org/

g ookl Gusie
Lielaiayls Lmadl GBIy daall 3 8l glus Jlo Jpunadl gdaa  ©
SIAIS Ul Jabs b sl pall (ol slhaefs Bpubiaisyly )

o Jaadl ) BLAYL ¢ g itiall FuieS Tunonll Jords Anasd LT, 0
u.amwuutumwﬁmunfj:L:mdms_a;,ymu@u BRI

Gswubuumw|m,sﬂ@@msutﬂ;nw
‘le:J‘bJ‘JJb._\.CLu.mA\‘\ﬂ°?tc‘)s‘)l”d.bu.:.e.wb‘x:.m.‘ JJA.C.LQ_W .
@qu“bsﬁ\\wwmﬁn ,m;s;lgju.siﬂm

Ui il il sl bl = i
N
website: http /Iwww.technion.ac.ill I
D] = pidn oolall sl dadlad r3gas
shg o Lesitigh a ptall uday 3 8 ] (g3 Sl sgall g2 pidsll D
VA il ge Voo Hoe il Tagaad )y epmall T5e 60 pooSe 4

wdeJMJﬂlmbf&JMdm‘d{)su‘4..;.4.\.\4..\&).:“ e
ostallaloall T o sy Aolae 6 Lumimiio el 3l gl LS 0 '

—~

‘.">

R IRART

%



i

g oo Jlael L3l 50 5 paauad o Joladl Dras po & g3d3l Jorag
o o i sadll Zoolall olit] dallas

- Opeanldl G o phal] 6 gano

Lol Tal ¢ ot - blia s

webszte Il www.phg.orglindex.htm

LA Tl ) e b plaTe ) Balels Tallas ol

@@,Law\)\umﬁl\,ﬁlu_m‘, \"\AveLcd.cJ.u.UMum
sy Ao de ganll JaaS GJL&UQSJ@)AJ‘M‘GSM‘JAL\.UJ\;A
Luelsa ¥y maall p L 53 G35 25U jubuall o sbatd 53
i Lt Ll Busa okt LEL Hubaall 5 ohad SIS Cre Labaisyl
;JL,L&.Q&LL\_,JL‘ALUPaujjmeuags;itua;ji&uﬂ\K_LAM?J
a_alagjmuauu“uumémﬁuabmumhwl
uu‘mM\MJIWltdwss_b)..ﬁﬁ Ll ol 3l
aldanf Bale] s datlas allss Jae g slis g prasad e 4 g 5use do goandl
celld (M Bl Lo oal) Al )l o dBhie 8 Al Loalall sL4
WJIJJMMJ»@\)AMJM&:JM@MIUB
giadl aaially

bl 8134 el 5501
o - 5alEl
gl gl ol ol
e = Slaladl Luuae

orials ool 35t Epolias 1440 ale 35,10 urals o ul

oS b L §o SSOU. Slginey Tl Jloo (8 cnlele s ne sl
Zel 30 50305 IS Oo Bl Llen M gy Jand Loy by’

o UsFue b Losiianl) Luds 311 Loaiill 5 tio B el 53 5 2 gual
e g8 Sl Tk 5 g 55 LS Jae g ol praned



me:

R MldJ}aJquthal&onLuJme.Lb

L : Jd>dlg d}lmll
J&&‘u@ﬁ@&a@ﬁ&‘ylﬁdﬂ;ﬂmuﬂwﬁq
lall Al a5 S5 i Doaly Joiy o YV, - Ll
BB st all slas] s el el 35 AU iy astal
Ty and saill Lesladl slal) Tallas o8 5o 5 18 Copuil) S50 o
SS3Ly Lol Gl Ldald oty St 13 Lo B Laales (s

JlaeT o1t Jagraad g 5l oIS 15 pn Lo 5 0anS Eiaall 80yl pal)

g 9oieall L,la¥l sulially CotSU ¢ 558 5 pgsl LS5 5 ]

0

. .L.vw.vd.».ll.:
JJAGJAMJ@J:J\MIUsUJI bsLL:.qLLaus.uJGumﬂ.sbm~

UlLJAf“CJJL‘JUmj\ GJ‘JALG_\&_LHJJ.C-&LUJ LA.lJuA.\J‘LlL:.u.c
22 B85 ol Gl e clima Sl 8l 6T 8 w5 5 (508
Lo siias Bl B as g ded 5500 e )y i SLalE) adiag 5 dadlas
Jae il L ST i 08 guldll ulald o0y 5558 oy o)

Aoalall sl aladsi) sulef g Ladlae allaid § o il

\ Slabad] dval
" A LS 858180 0o oS 87 ay 10 wlilil Luls o3
LMI&&;@JJM@;&@MJE&Q}*QW@JI@&M

S .JSJ g._:‘..\Lc.u.” <L\.\Al 4_\314_@.”\9 4.1.\..\..\]‘ MJL’.” bL\A.U 4&1[:.41\9
A tlad) a3 s Lk 0 Zaaiill g g il Lz Ll

i

L A



Uﬁ-"‘-" Uﬁ)L""-‘-""‘-‘“
m}qluo}mmm,.m )J.Ltﬁ&}izu

s ' LIS Syg g g gronsd g po

FRRRRRET s Loalall

U‘NJJMM‘MMJ‘MLHUMWBw“LJJ&JMJJJ
- M.LJ.“ ‘_’_LA‘JY‘ QJ‘J‘ c_.\LnJ.‘}

- v

[ LT Y




ol olad] Endlieg L o) i goil] Sy dlins
m,wdﬁmué s.,.é_,ﬂ&bu@ dadull

eyl Laaigd) LK - ¢ puasl)
Y g5l (o JBae [ sutsd g

OB galdag

sl Gagall a8 & Salpa

Aol @y 9 sgdg s

Ouaidilly Blall daras

RERENTE NN
(Lmaige) D00 s « ploe plice.s

(oside 36) W) ool paalsal

(oie 458) (s r0e dhns

Ll gl LK - o piasll

(O8edl Hlaawnd (fpoa Jlase 5 guusd g

al Jas Guaighlp B g galdig

Jilatl Loaes

v

1 L

”..

O82d G g leiians

] S — .
Badipepdudis



