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Why focus on wastewaier? 
Wastewater is "the spent or used'water from a hame, community, 
farm, or industry that contains .dissolved or suspended matter." 
(US Environmental Protection Agency) Left untreated, 
wastewater can pollute freshwater and soil, endangering the 
environment and allowing for the spread of disease, thereby 
threatening human lives:   he World .Health Organization - - 

maintains that: "No single type of intervention has greater overall 
impact upon the national development and public healththan does 
the provi'sion of safe drinking water and the proper disposal of 
h u m 9  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 -regional Middle East problems. Water resources are 
insufficient to meet rising deinands due to dramatic increases in 
population and water consumpti~n. Lack of natural resource 
planning, the inadequatk maintenance of existing systems, and the 

' absence of appropriate sewage treatment facilities have resulted 
in serious contamination of groundwater and soil. wastewater 
treatment is desperately needed for the protection of freshwater 
sources. Reuse of treated wastewater is important for irrigation: 

. . 

- Why are appropriate technologies important? 
Most urban wastewater treatment systems are energy intensive. 
Such systems are costly and require complex mechhnical 
equipment and highly skilled personnel. Attempted transfers of 
urban intensive technology to rural areas in the Middle East have 
failed. 



Rural areas bf the Middle. East are in need of wastewater 
treatment and reuse technologies that are appropriate to their 
climate, economy, and population. In contrast to intensive 
systems, extensive wastewater treatment technologies depend , 

' / 

primarily on natural components. Extensive systems are suitable 
for rural areas since they are 1,ow maintenance and simple to 
operate. They also require low investment,costs, and their large 
land requirements are easily satisfied. Furthermore, these 
te'chnologies 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 wastewater 
treatment systems existing in small, isolated settlements in rbral 
areas in the region. 

Why 'woik together as a regional consortiyn? 
By their very nature, water resources cross political boundaries. 
Scarcity of water and contaminatibn of water resources by 
untreated sewage are therefore shared problems of every country 
in 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 probl-ems is therefore 
one means of encouraging peace in the area. The formation of a 
consortium such as ATC also eriables knowledge exchange, '. 
thereby facilitating-the development of solu'tioris to a wide variety 

I 

of problems and questions related to sewage treatment and reuse. 
, 



About ~akhnin . - 

Sakhnin is an Arab town located in the Galilee region in the north 
/ 

of Israel. The town was first inhabited5,500 years ago. It 
acquired its Arabic name from the original "Sugini," meaning, 
"settlement of the occupier," given to  it by-king Sergon 11 in 
586 B .c. ~ o d a ~ ,  ~ a k h n i n  has a population of about 2 1,000. 

Located in the Beit Natufa Basin,'Sakhnin consists of 2,400 
hectares ('24,000 dunams) of rich agricbltural land, on which a 
majority ofi olive trees and seed crops ake grown. ~ l t h o u ~ h  most 
of S.&hnin'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 watdr for irrigation puq&ses prevents them from doing 
SO. - .  

, - 

Sakhnin is the only Arab community in Iirael to, have a basic 
sewage treatment system. The existencetof a basic sewage 
cbllection and treatment system in the town ha; enabled ATC to 
work with existing facilities in its research. 

, 
' .  - 

The ~ d k h n h  Wastewater Treatment Pilot Site 
The Wastewater Treatment Pilot Site began operations in July 
1999. Its main objective is to test bffective and appropkite . . 

, 

wastewater treatment technologies for ruraI 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. h e s e  
factors all bointed to the need for wastewater treatment in 
Sakhnin that was extensive, reliable, simple, low-cost and low- , 

impact. Howevei, rese'archers.found thatthe usual combination . I 
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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. - I 

A Treatmedt Stage 1 : Treatment Stage 2 Treatment Stage 3 - 
Raw sewage Vertical beds 

Figure 1 

: Raw sewage is received from Sakhnin's sewage cbllection 
: 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 is 

: 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 reducing the biological 
1 '~ I . oxygen demand (BOD) to approximately 200 mg/l. 
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The Up Flow Anaerobic Sludge Blanket ~eaLtor  (UASB) is an 
. ._ .  .__. . ,. .-,. . . , .  . , ... ., . - , , * t - . 3 .  

extensive wastewater treatment unit that was developed in the . . . , 
. ,.._. .". . 
7. :  . i ..;; .. 
t, -... .. .., ' . . '  ' 

early 1970s. The unit at the Sakhnin site is a modified simpler 
.-#:. :..~<::,; , .  i. . : ar : 

version (RALF) with conic geometiy and without the typical . L. . , . . _ .  .i,. , .  - ... . _ _  .Li 1; .; - 2 ,: .",' 
complex separation'device of most UASBs. Its success lies in the ,..,,. , ; ... 

:.., ..>, ...i~: . "," ; # 

establishment of a dense sludge bed in the bottom of the reactor, I .I' !-.,:,,:... . .. . ,LC . I l  
,. C.',., , ., '.'. ' , ' . in which the biological, process takes place. ~ i i s  sludge bed is,  , . ~. ., . : . ...... ~ , 

formed through the accumulation of solids and, bactetial growth. F.;.: ,... . ~.-... I... .. s-' . 
t .+ .. ..- - : 

"3 _ '. ! . 
..+?,,> ., 

:;.> : <,:- >::,, 
."? ,.- ..,/-,.: .. * _ . _ _  ,... . i -. :. &wage . . is pumped from the anaerobic pond after an initial few , , . . . "-....:s~.: ~ .. 
, .. r_ .C.. . - 

hours of retention time. It enters from the bottom side of the . . * ,  . -,... , . .  . . . . . .. ~. .. - % ~ .,., ..:;.:.... <. : :~. 
reactor.and is collected by an' overflow channel. surrounding the . " . 

. . '1 -.:. ..- 3 '  .. . . r . % "  - . - . . .  
upper circumference of the reactor. A baffle inside the top of the b 

. . i .. . 
, , .,:, .:, . .. reactor pre.vents .scum release from the reactor as the effluent Y ; ~ : .  .: : . _ i - . . :.: - : 

moves to Stage 2. ..* , '.< : ;:,. .;. 
. .  1, 

, $.,,? i... ;.::..> 
,+, . <.' * , .. .!":. 

t . . . ~ . !  " :;,::.~ 2 : . .. = ,<,:;..: 
i .;,;.". , ' 
<:,., .., . :. *. ,.> i, - *I 
.._, " .  I ..,..,+: ..,, . ' ' . . . ;. ,.::.+ 
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Following completion of initial treatment in Stage 1, .the sewage 
flows to Stage 2 for fubher treatment. Currently,.effluent enters 
either the Constructed Wetland'or'the Intermittent Sand Filter unit 

. < 

for Stage ,2 processing. d 

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 specifically built for - .  the purpose of pollutio-n control and 
waste management, at a location other than that of existing natural 
wetlands. (US EPA) 

At the Sakhnin site, treatment of efflueht 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 hoi-izontakly. The gravel serves as the- 



support media for microorganisms as well as fo'r the roots of the 
bowing there. The removal df contaminants from the 

wastewater is obtained through anaerobic biological degradation, 
adsorption, sedimentation k d  filtration. As long as the water. 
level is kept below the surface of the media, there is little risk of 

' 

problematic side effects such as odors or insects. 



...~. ,. ..>: . ;'~ 7 " J , - .... '..., >,..; ,.... .: - ,  .,.,: . ,*,. .J 4 , 
~;. ;:,y$,.., ?:, :*, 4 
. ~ , ~ , . . ~ ~ ~ , ~  . . * ::.; . , ln termitten t Sand Filter @SF) * 

. . ." , , ~ . , , . I . .._ .. . .  , , . 2,  Sand filters have been used for several decades for treating both . , . . . , , . 
:,,$, .., . - " i  . . . . .  
-. . - .  ..-. , - . . - - I ,  .. ', r ..: freshwater and wastewater. Intermittent sand filtration doses the 
'.-. .; . - 
:, .' . . . I  

. . . .  
, " . - ... .. . , 
' " \  .-'.+';,-: .; ' 

wastewater onto a sand bed "intermittently," and is used to treat 
, .,. - - i. , V _  - 5  

> ' , .'. . - * . . , , effluent following other types-of pretreatment processes, such as 
*, , ,;, '" . . .. . . . .-.;, .. .,' . ,., . . aerobic ponds. The ISF at the Sakhnin site has been designed to ,.',';.. ',& .<... 
, . , , , 

.< .; , - ~,.', 
. 1 . .  ., _ .. r ;  .;. provide high-quality removal of contaminants, pathogen , 

redudion, and nitrificaion of bastewater effluent. Wastewater 
flows downwards ;hrough thefour layers of different sizes of 
sand ind (ranging 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: 

I 



. , 
1 

' I 

Final Treatment Stage: , . -  : 
After completing Stage 2.all sewage enters the final stage of the ; 
treatment process. At this stage, it receive final cleaning to 
prepare it for reuse or for returning it to the surrounding 
environment. At.the ~akhnin  piiot site, the final stage consists of - 
a reservoir. 

! I .  

Wastewater ~eservoir 
The reservoir is always the last treatment stage. Besides serving 
as 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 fetal coliforms, and other '. 
pollutants including heavy metals, refractory organics, and 

, . 
gpneral toxicity. i 
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,..# ..,,,.:G.L:; , <q.. <. . ;- . . . .i *,,~> ,. L.' " Y :. 
?:, .~::*:: -4 ". ..; - . , , ,. -:,l.. '. 4 .  

;~3;?:+,.i,-;:~>:5;:; *I 
.. . $ *  The Galilee Society (GS) is a leading Palestihian Arab non- h,.;!:; i . .  1*2 

.st- :$*y,);*; ;,F! 
',?" ; . :., ,' . 5 

.. . ... . . . *i  partisan, community-wide; non-governmental organization ' . , ; ,~.C.. ' - . - - 
"i.,,;;.-3i-" :::.$:; 
.... ... .:.:, ,%. -: .: (NGO) established in 198 1. The overarching goal of the Galilee ;,'$:.';>'.:; ," ;;..>*I -. ,. , ,, .. , z ,+.' , ', .- . .., ' .**.I .. . .,. ,,.. . \ 
,-i;,-i::c: :. < :, : , .i Society is to achieve equality in health, environmental, and socio- 
,;~; ,;:,::: ,.. ." " ,.. .. .. :>'.:.:*J, . I 

,,hii.:. .: economic ~onditions and development opportunities for the 
:.I"(.:.-': . ,. ; . . .'..' . z... .' .:s.pi . ,:- . .,I 
,, +,. .sJ palestin& Arab citizens of Israel, both as individuals and as a ,: .-:..-. ,- ,- ,. .* . . ,, *, + ," ,. ,~ .: , . .. , *  ..,7;>?l 

~,yL?**. ;,". .. - , ' 1 
-:. . .  :~ :.: .,, . %... 1. .: national minority. The GS acts as project coordinator of ATC, in 

.,3 :.; ,. , .: .::*; 5.- 4,. ..::,,: , ..,, 

. ~ : :  -. addihon to working with the Technion on research operations and 
??,%. .;,.:,% -, 2 . , * J  
:;.:,>?.. ?., :r ;. 

:<.: *. +,' ~., ' ., . .: . , monitoring of the Wastewater Treatment.Pilot at Sakhnin. ATC7s $., ><,":-' .~ 
..:*: ,.., ...'$-..' , .- 
&, " 1  . . ,:, :. " 
, , ,  : ,  : !  offices are located at the new laboratory facilities of the Galilee - 

.__><-,.. . 
2 ,. >:>::;.,,* ..,, ?,*< % .  -..,, ...'-; r ! . , Society's Regional Research & ~ e v e l o ~ m e h t  Center (R & D 

, , .  
' I .  . L .,., Center') in Shefa 'Amr. 

_ _ I .  . . I  
, *,: 

... .t' ..il * . .,. .: 
..' . .. ... , , . , .I\ . . 

*. 
^ .  ' 
r . .1 

, . .. .' ,r, 9 
, . .  

..;,,.: 
The Technion, Israel Institute of Technology 

., . , . . .  . ;;: :;$,,.~ :., ,:- .*,; , -',. Haifa, Israel 
;+;:.., 2 ;;.:!:,'. ~ * {  : -... - , -  

-2. - ., -.,, .. 
,: ,::/*;:.<;;, 1;::; 
he : ,.., ::,," ,.,, .! I Website: ht~://www.technipn.ac'.il -. . 
Jn."...;* . %><., ::.: :;;. : ',< '. . ,. .. 
:,;.;,;. ;2r:e:...;.4 ...: Wastewater Treatment Pilot, Sakhnin; Israel 
,$;;2;yi,...7.: . *. . , . . . . :, ,j 

I 
. . 

. . . .( . - 
, .+.,- . . \ : ' . , . . The Technion is the major institute in Israel for higher education .*..., : -  .': 

., , ' , 4 . .  f 
,~ 

. . in the engineering sciences. It is comprised of 40 Research 
-'. ', 2. ~, , ~. ,  

.'.T: . .=:, , . . ,, , . . .,,.. ,., . . >.. Centers and 11 Research Institutes, and emplpys over 700 faculty 
:,<r.;k*,$,;>: .: , ,. ! 
_I .- ..,.;. , . 
. A ,  ,:~.., "...,*I 
.. . .; -.:..J# . .c;.,..~.~+ ...;,';: -:::.=I .4 members in 19, academic departments. The ~echnion group, 
*,.",..~-,, 

hiaded by Prof. Michal Green f& the FacIllty of Agricultural 
. , 



0 .  . Engineering, specialites in biological wastewater treatment. 
Together with the Galilee Society, the Technion shares 
responsibilities , , for the design, monitoring and operations of the 
Wastewater Treatment Pilot in Sakhnin. 

8 

Palestinian Hydrology Group (PHG) 
Jerusalem-Shufat,'~est Bank 
We'bsite: http://www.~hg.org/index.htrn, 

. Full-Scale Treatment and Reuse System 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 bu'llding local water resource development capacities, and 

improving 'health and ,socio-economic conditions by developing 

: existing water resources. PHG has laboratories in the West Bank- 
: - anda(;aza 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 debign, 
: construction and operation of the Full-Scale Treatment and Reuse 
: System at Beny Zaid, West Bank. PHG is also actively involved 

i'q planning and implementing-ATC's community and farmer 
* .  

training programs. 

" 

Egyptian Center of Organic Agriculture (ECOA) 
. . 

Cairo, Egypt 
Irrigation System Pilot Site, Sadat City, Egypt 

I . , 

Established in 1995 by a g r o q  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 protect the environment through . * 



iromoting kcological agriculture. As an ~ ~ ~ ~ a r t n e ; ,  ECOA is 
responsible for the design, construction and operations of the . 

Irrigation System Mot located in Sadat City, Egypt. - 

Municipality of Sakhnin in association with the Towns' - 

Association for €nvironmenta/ Qup\ity - Agan Beit *Notufa - . 
. . 

Sakhnin is an Arab o w n  located in the Galilee region of Israel, 
with a population of approximately 21,000. The Sakhriin 
Municipality operates asraining center on wastewater treatment, 
and.agricultura1 and energy conservation technologies in 
association with the. Towns' Association for Environmental 
Quality (TAEQ). The training center is lpcated at the Wastewater 
Treatment Pilot S jte,, and includes ad educational lab and a 
training team connected with local school^. The Municipality and 
TAEQ work.closelp w ih  the Consortium's partners on pilbt 
facilitation. They also provide office space and administrative 
resources t'o the project. 

Beny Zaid Municipal ~ o u h c i l .  . 

Beny Zaid iB located in the Ramallah district of the West Bank, 
and includes the villages-of Deir Ghassan and Beit dima. There 
are approximately 6,000 residents living within the Municipal 
Council's jurisdiction. Though itsvillages were among the first 
in the West Bank to reckive tab water, all sewage from the 
munlcipd area remains untreated. Beny Zaid" economy is 
agriculture-based'and the area is known for its high crop yields. 
The Municipal Coulicil. has allocated land and staff to ATC for the 

, . 
~ull-Scale Treatment and Reuse System. 



. 3 

' : N Scidat.Municipality , . ,  

, 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 agricultural areas. The 

I 

, . Municipality maintains a sewer system and limited treatment 
facilities. El Sadat Municipality has allocated land to the ATC . , project for the Irrigation Pilot. 

-. 
i Technical ~onsuitonts; 
: Juanico 6: Friedler - Mediterranean Lfd. 

' : An internationally active company, Juanico & Friedler designs 
. extensive and semi-intensive sewage treatqent and reuse plants, . . 

which are specific to temperate climates. 

: , Prof ~ o b e r t  H. Kadlec 
> .  

. Prof. Kadlec is professor Emeritus of Chemical Engineering at' 
the University of .Michigan, and the Principal of'wetland 

I : Management Services, Inc. 



The  ohi in Pilot Plan! 
for opprdpribte wastewbter treatment ~echnoloc~ies for rural 
areas ,of -the Middle East 

, , 

Design: * .The Technion, Faculty of A-gricultural Engineering: 
I 

Professor Michal Green, Dr. Ori Lahav, 
1 

and Dr. ~heldon Tarre 

Technical Consultants: 

~uanicb & Friedler Mediterrahean ~ t d .  

Prof. Robert H. Kadlec 

Construction: , The Galilee Society and the Technion 
, , 

I ,  

Operation . . The Galilee Society: 

and Monitoring: Dr. Isam Sabbah, 

Tayseer Marzook (engineer), 

1brahim.Abu Zeid (lab technician), 

and Jameela Omari (lab technician) 

The Technion, Faculty of Agricultural Engineering: 

'Prof. Michal Green, Dr. Smadar Admon, 

Dr. Sheldon Tarre and Eng. Beny Lev 
\ 

~oorhination: The Galilee Society , , 
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