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Summary
Many countries in the Middle East and 
North Africa (MENA) face challenges 
related to scarce water resources, 
population growth, and climate change. 
For this reason, treated wastewater 
(TWW) or reclaimed water should be 
used in place of conventional water 
resources across diverse sectors. 
Jordan has recently introduced policies 
which clearly state that freshwater used 
for irrigation should be gradually 
substituted with TWW whenever 
feasible. Many factors - including 
regulatory, institutional, social, technical, 
and financial aspects – will ultimately 
affect the success of this substitution 
process. 

Although the agricultural sector in 
Jordan has been using treated water for 
decades, the potential for a direct reuse, 
in particular, is far from being exhausted. 
Direct use of TWW is still not popular in 
the country and faces several 
challenges, namely: (1) institutional 
fragmentation, which jeopardizes the 
design and implementation of effective 
reuse schemes; (2) the existing 
technical standards, which are 
particularly relevant when small-scale 
treatment and reuse schemes are 
considered; (3) the lack of well-
established business models, which 
hinders the widespread use of 
decentralized wastewater treatment 
systems; and (4) the lack of social 
acceptance. 

Public awareness programs have, up 
until now, ignored the issue of promoting 

TWW use. Hence, the government 
should invest in public awareness 
programs that focus on explaining 
wastewater treatment and reuse. Other 
areas for missing investment include: 
(i) reducing TWW losses through 
infiltration and evapotranspiration (e.g. 
King Abdullah Canal) and enhancing 
TWW transportation and storage; 
(ii) establishing an independent unit to 
monitor the decentralized and semi-
centralized wastewater treatment plants 
and create an official database of these 
facilities; (iii) passing new official 
guidelines concerning registration, 
notification, supervision and 
performance evaluation, as well as 
developing a mechanism that can be 
used to monitor effluent quality and the 
end use of TWW; and (iv) enhancing the 
performance of certain centralized 
wastewater treatment plants (CWWTPs) 
to comply with the current Jordanian 
reuse standard (JS 893, 2006). 

This study will give an overview on the 
actual amounts of TWW and existing 
reuse practices in Jordan. By using 
Geographical Information Systems 33 
centralized wastewater treatment 
systems that serve communities bigger 
than 5000 PE have been mapped and 
the actual amount and quality of TWW 
(about 163 MCM in 2018) and its reuse 
is discussed, and the best practice 
examples for the reuse of TWW and 
biosolids in Jordan are presented. 

Furthermore, 85 treatment systems 
serving communities, hotels, individual 
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houses smaller than 5000 PE have been 
identified. 

These study results should serve as the 
basis for the establishment of a national 
inventory, in particular, for decentralized 
wastewater treatment and reuse 
systems, which facilitates the 
coordination of permit procedures and 
control measures in Jordan. 

Furthermore, there are two main critical 
policy measures which are discussed 
that can improve the current situation 
and be used to overcome the previously 
described challenges. The first policy 
measure is related to the development 
and approval of an institutional 
framework for Sanitation Safety 
Planning (SSP) and the subsequent 
development and employment of SSPs 
for different catchment areas in 
accordance with the IWRM principles 
presented in the National Water Strategy 
2016 – 2025 (MWI, 2016a). Sanitation 
Safety Plans would consider all 
agricultural inputs to prioritize hazards 
and define control measures that would 
minimize the identified risks. This 
approach would facilitate the 
implementation of new standards that 
would define the budget for wastewater 
treatment and TWW reuse technologies. 

This is important as investments in 
wastewater treatment have previously 
proven futile due to contamination later 
in the process. Moreover, SSPs would 
coordinate actions related to wastewater 
management which will reduce the 
existing burden on the Water Authority 
of Jordan (WAJ) and result in clearly 
defined responsibilities and interfaces 
among the specified controlling bodies 
and stakeholders. The second policy 
measure focuses on introducing a more 
integrated wastewater management 
approach that is based on the concept of 
a circular economy, i.e. the value 
creation process includes various waste 
streams. This approach would ideally 
result in cost recovery and improved 
societal acceptance of wastewater 
treatment plants (WWTP) facilities in 
local communities. Resource recovery 
facilities or green facilities – could then 
be established to encourage 
investments.  

Such recommendations for more 
efficient water management would assist 
Jordan in achieving one of the goals for 
sustainable development listed by the 
United Nations, ‘Ensure access to water 
and sanitation for all’ (Goal 6).
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 صخلملا

  

ργϭϷ�ϕέηϟ�ϝϭΩ�ϥϣ�ΩϳΩόϟ�ϪΟϭΗ �ΎϳϘϳέϓ�ϝΎϣηϭ
�ϭϣϧϟϭ�ˬΔϳΎϣϟ�έΩΎλϣϟ�ΓέΩϧΑ�ϕϠόΗΗ�ΕΎϳΩΣΗ
�ΏΟϳ�ˬΏΑγϟ�ΫϬϟϭ��ϲΧΎϧϣϟ�έϳϐΗϟϭ�ˬϲϧΎϛγϟ

�ΔΣϠλΗγϣϟ�ϩΎϳϣϟ�ϭ�ΔΟϟΎόϣϟ�ΔϣΩΎόϟ�ϩΎϳϣϟ�ϡΩΧΗγ
�ϥϋ�ϝϳΩΑ�έΩλϣϛ�ΕΎϋΎϧλϟ�ϑϠΗΧϣ�ϲϓ�έΩΎλϣ

� �έΧ΅ϣ�ΔϟϭΩϟ�ΕϣΎϗ�ˬϊϗϭϟ�ϲϓ��ΔϳΩϳϠϘΗϟ�ϩΎϳϣϟ
�ΔΑΫόϟ�ϩΎϳϣϟ�ϥ�ϰϠϋ�ΡϭοϭΑ�ιϧΗ�ΕΎγΎϳγ�ϊοϭΑ
�Ύ�ϳΟϳέΩΗ�ΎϬϟΩΑΗγ�ϡΗϳ�ϥ�ΏΟϳ�ϱέϟ�ϲϓ�ΔϣΩΧΗγϣϟ
�Ωϗϭ�Ύ�ϧϛϣϣ�ϙϟΫ�ϥΎϛ�ΎϣϠϛ�ΔΟϟΎόϣϟ�ΔϣΩΎόϟ�ϩΎϳϣϟΎΑ

�ϝϣϭόϟ�ϥϣ�ΩϳΩόϟ�έΛ΅Η- �ΏϧϭΟϟ�ϙϟΫ�ϲϓ�ΎϣΑ
ϳγγ΅ϣϟϭ�ΔϳϣϳυϧΗϟ�ΔϳϟΎϣϟϭ�Δϳϧϔϟϭ�ΔϳϋΎϣΗΟϻϭ�Δ– 

�ϝΩΑΗγϻ�ΞϬϧ�ΡΎΟϧ�ϰϠϋ 

 �ωΎρϘϟ�ϲϓ�ΔΣϠλΗγϣϟ�ϩΎϳϣϟ�ΕϣΩΧΗγ�ΩϘϟ
�ϊϓΩϟ�ϥΎϛϭ�ˬΩϭϘϋ�Ϋϧϣ�ϥΩέϷ�ϲϓ�ϲϋέίϟ

�ΔΑΫόϟ�ϩΎϳϣϟ�έΩΎλϣ�η�ϭϫ�ϙϟΫ�ϥϣ�ϲγϳέϟ- 
�ϥ�ϻ·�ωΎρϘϟ�ϰϠϋ�έϳΑϛ�ϝϛηΑ�έΛ�έϳϳϐΗϟ�Ϋϫϭ

ηΎΑϣϟ�ϡΩΧΗγϻ�ΓΩΎϋ�ΔϳϟΎϣΗΣ�ϊϣϭ��Δϔϳόο�ΕϧΎϛέ
�ΔΣϠλΗγϣϟ�ϩΎϳϣϠϟ�έηΎΑϣϟ�ϡΩΧΗγϻ�ϝίϳ�ϻ�ˬϙϟΫ

���ϝΛϣˬΕΎϳΩΣΗϟ�ϥϣ�ΩϳΩόϟ�ϪΟϭϳϭ�ϊΎη�έϳϏ1 (
Δϳγγ΅ϣϟ�ΔίΟΗϟ �ϲΗϟϭ�ˬ�ΕΎϳϟϭ΅γϣϟ�ϊϳίϭΗ�

�ϡΩΧΗγϻ�ΓΩΎϋ·�ρρΧ�ΫϳϔϧΗϭ�ϡϳϣλΗ�ΩΩϬΗ�ΎϫέϭΩΑ
��˭ΔϟΎόϔϟ2�ΔϳϟΎΣϟ�Δϳϧϔϟ�ΕΎϔλϭϣϟ�έϳϳΎόϣϟ��

�Ωϧϋ�ΔόΑΗϣϟ�ΓΩΎϋ·ϭ�ΔΟϟΎόϣϟ�ΕΎρρΧϣ�ΩΩϋ·
��˭έϳϐλ�ϕΎρϧ�ϰϠϋ�ϡΩΧΗγϻ3�ΩϭΟϭ�ϲϓ�ιϘϧϟ��

�ΔϣυϧϷ�ϡΩΧΗγ�ϥϣ�ΩΣϳ�Ύϣϣ�ˬΩϳΟ�ϝϛηΑ�ϝϣϋ�ϕϭγ
��ϭ�˭ϊγϭ�ϕΎρϧ�ϰϠϋ�Δϳίϛέϣϼϟ4�ϝΑϘΗϟ�ϡΩϋ��

�ϲϋΎϣΗΟϻ 

�ϊϳΟηΗ�Δϟ΄γϣ�ˬΔϣΎόϟ�ΔϳϋϭΗϟ�ΞϣέΑ�ΕϠϫΎΟΗ�ΩϘϟ
�ΏΟϳ�ˬϲϟΎΗϟΎΑϭ��ΔΣϠλΗγϣϟ�ϩΎϳϣϟ�ϡΩΧΗγ�ϰϠϋ

�ϲΗϟ�ΔϣΎόϟ�ΔϳϋϭΗϟ�ΞϣέΑ�ϲϓ�έΎϣΛΗγϻ�ΔϣϭϛΣϟ
�ϲΣλϟ�ϑέλϟ�ϩΎϳϣ�ΔΟϟΎόϣ�Ρέη�ϰϠϋ�ίϛέΗ
�ΕΫ�ΎϳΎοϘϟ�ϡϫ�νόΑ�Ύϧϫϭ�ΎϬϣΩΧΗγ�ΓΩΎϋ·ϭ

���ΔϠλϟ1�ΔΟϟΎόϣϟ�ΔϣΩΎόϟ�ϩΎϳϣϟ�ϥϣ�ΩϗΎϔϟ�ϝϳϠϘΗ��
�ΓΎϧϗ�ϲϓ�ϝΎΣϟ�ϭϫ�ΎϣϛέΧΑΗϟϭ�ΡΎηΗέϻ�ϕϳέρ�ϥϋ

ίΧΗϭ�ϝϘϧ�ίϳίόΗϭ�ௌ�ΩΑϋ�ϙϠϣϟ�ΔϣΩΎόϟ�ϩΎϳϣϟ�ϥϳ
��˭ΔΟϟΎόϣϟ2�ΔΑϗέϣϟ�ΔϠϘΗγϣ�Δϳϫ��ΓΩΣϭ�˯Ύηϧ·��

�Δϳίϛέϣϼϟ�ϲΣλϟ�ϑέλϟ�ϩΎϳϣ�ΔΟϟΎόϣ�ΕΎρΣϣ
�ϩΫϬϟ�Δϳϣγέ�ΕΎϧΎϳΑ�ΓΩϋΎϗ�˯Ύηϧ·ϭ�Δϳίϛέϣϟ�ϪΑηϭ

ϣϟΕΎρΣ��˭3�ιϭλΧΑ�ΓΩϳΩΟ�ΕΎϔλϭϣ�έέϗ·��
�Δϳϟ�ϊοϭ�ϙϟΫϛϭ�ˬ˯ΩϷ�ϡϳϳϘΗϭ�ϑέηϹϭ�ϝϳΟγΗϟ

ϗέϣϟ�ΎϬϣΩΧΗγ�ϥϛϣϳ�ΔΟέΎΧϟ�ϩΎϳϣϟ�Δϳϋϭϧ�ΔΑ
��˭ΔΟϟΎόϣϟ�ΔϣΩΎόϟ�ϩΎϳϣϠϟ�ϲΎϬϧϟ�ϡΩΧΗγϻϭ4 (

�ΔϣΩΎόϟ�ϩΎϳϣϟ�ΔΟϟΎόϣ�ΕΎρΣϣ�νόΑ�˯Ω�ϥϳγΣΗ

�Δϔλϭϣ�ϲϓ�ΔΑϭϠρϣϟ�έϳϳΎόϣϟ�ϕϘΣΗϟ�Δϳίϛέϣϟ
��ΔϳϟΎΣϟ�ΔϳϧΩέϷ�ϡΩΧΗγϻ�ΓΩΎϋ·893/2006.( 

�ΔϳϠόϔϟ�ΕΎϳϣϛϟ�ϥϋ�ΔϣΎϋ�ΔΣϣϟ�ΔγέΩϟ�ϩΫϫ�ϡΩϘΗγ
�ϩΎϳϣϟ�ϡΩΧΗγϻ�ΓΩΎϋ·�ΕΎγέΎϣϣϭ�ΔΟϟΎόϣϟ�ϑέλϟ

�ΕΎϣϭϠόϣϟ�ϡυϧ�ϡΩΧΗγΎΑϭ��ϥΩέϷ�ϲϓ�ΔϳϟΎΣϟ
�ΩϭΟϭ�οϭϳ�ϱΫϟ�ΔϳϓέϐΟϟ33 �ΔΟϟΎόϣ�ΔρΣϣ

�ϡΩΧΗ�ϲΗϟ�ϲΣλϟ�ϑέλϟ�ϩΎϳϣ�ΔΟϟΎόϣϟ�Δ�ϳίϛέϣ
�ϥϋ�ΎϬϣΟΣ�Ωϳίϳ�ϲΗϟ�ΕΎόϣΗΟϣϟ5000 �˯ϰϓΎϛϣ

ϲϧΎϛγΔΟϟΎόϣϟ�ϩΎϳϣϠϟ�ΔϳϠόϔϟ�Δϳϣϛϟ�ΔηϗΎϧϣ�ΕϣΗϭ�ˬ 
�ϲϟϭΣ��ΎϬΗϳϋϭϧϭ163 �ϡΎϋ�ϲϓ�Ώόϛϣ�έΗϣ�ϥϭϳϠϣ

2018 )2018MWI, (˭�� ΎϬϣΩΧΗγ�ΓΩΎϋ·�ϡΗϭ 
�ϩΎϳϣϟ�ϡΩΧΗγ�ΓΩΎϋϹ�ΔϠΛϣ�ϡϳΩϘΗ�ϰϟ·�ΔϓΎοϹΎΑ

�ϥΩέϷ�ϲϓ�Γ΄ϣΣϟ�ϭ�ΔΟϟΎόϣϟ�ΔϣΩΎόϟ 

�ΩϳΩΣΗ�ϡΗ�ˬϙϟΫ�ϰϠϋ�Γϭϼϋ86 �ϡΩΧϳ�ΔΟϟΎόϣ�ϡΎυϧ
�ϝϘϳ�ϲΗϟ�ΔϳΩέϔϟ�ϝίΎϧϣϟϭ�ϕΩΎϧϔϟϭ�ΕΎόϣΗΟϣϟ

�ϥϋ�ΎϬϣΟΣ5000 ϲϧΎϛγ�˯ϰϓΎϛϣ �νέϋ�ϡΗϳϭ
�ΔΟϟΎόϣϟ�ΔϣΩΎόϟ�ϩΎϳϣϟ�Δϳϣϛ�ϝΛϣ�ΔΣΎΗϣϟ�ΕΎϧΎϳΑϟ

�ϡΩΧΗγϻ�ΓΩΎϋ·ϭ�ΎϬΗϳϋϭϧϭ 

�αΎγϷ�ΔΑΎΛϣΑ�ΔγέΩϟ�ϩΫϫ�ΞΎΗϧ�ϥϭϛΗ�ϥ�ΏΟϳ
Ύϗ�˯ΎηϧϹ�ΔλΎΧ�Δϳϧρϭ�ΩέΟ�Δϣ΄ΑϣυϧΔ ϟ�ΔΟϟΎόϣ

�Δϳίϛέϣϼϟ�ϝϬγϳ�Ύϣϣ�ˬΔϣΩΎόϟ�ϩΎϳϣϟ�ϡΩΧΗγ�ΓΩΎϋ·ϭ
�ϲϓ�ΔΑΎϗέϟ�έϳΑΩΗϭ�ϳέΎλΗϟ�Ε˯έΟ·�ϕϳγϧΗ

�ϥΩέϷ 

�ΔϣΎϬϟ�ΔγΎϳγϟ�έϳΑΩΗ�ϥϣ�ϥϳϧΛ�ΔγέΩϟ�ϩΫϫ�ϡΩϘΗγ
�ϲϟΎΣϟ�ϊοϭϟ�ϥϳγΣΗ�ϥϣ�ΎϣϬϧϛϣϳ�ϲΗϟϭ
ϭϣϟ�ΕΎϳΩΣΗϟ�ϰϠϋ�ΏϠϐΗϠϟ�ΎϣϬϣΩΧΗγϭ�Δϓϭλ

�έϳϭρΗΑ�ϝϭϷ�ΔγΎϳγϟ�έϳΑΩΗ�ϕϠόΗϳ�ΙϳΣ�Ύ�ϘΑΎγ
�ϑέλϟ�Δϣϼγ�ρϳρΧΗϟ�ϲγγ΅ϣ�έΎρ·�ΩΎϣΗϋϭ

ϲΣλϟ ϲΣλϟ�ϑέλϟ�Δϣϼγ�ρρΧ��ϩϼΗ�Ύϣϭ��
�ϲΣλϟ�ϑέλϟ�Δϣϼγ�ρρΧ�ϑϳυϭΗϭ�έϳϭρΗ�ϥϣ

�ΉΩΎΑϣϟ�Ύ�Ϙϓϭ�ΔϔϠΗΧϣϟ�ϩΎϳϣϟ�ΕΎόϣΟΗ�ϕρΎϧϣ�ϲϓ
IWRM ϩΎϳϣϠϟ�Δϳϧρϭϟ�ΔϳΟϳΗέΗγϻ�ϲϓ�ΔϣΩϘϣϟ 

2025-2016�ϑέλϟ�Δϣϼγ�ρρΧ�έυϧΗγ��
�ΩϳΩΣΗϟ�Δϳϋέίϟ�ΕϼΧΩϣϟ�ϊϳϣΟ�ϲϓ�ϲΣλϟ

�ϝϠϘΗ�ϲΗϟ�ΔΑΎϗέϟ�έϳΑΩΗ�ΩϳΩΣΗϭ�έρΎΧϣϟ�ΕΎϳϭϟϭ
�ϥϣ�ΞϬϧϟ�Ϋϫ��ΎϬϋϭϗϭ�ϥϛϣϣϟ�ϥϣ�ϲΗϟ�έρΎΧϣϟ�ϥϣ
�ΩϳΩΣΗ�ΎϬϧ΄η�ϥϣ�ΓΩϳΩΟ�έϳϳΎόϣ�ΫϳϔϧΗ�ϝϬγϳ�ϥ�Ϫϧ΄η

�ΓΩΎϋ·ϭ�ϲΣλϟ�ϑέλϟ�ϩΎϳϣ�ΔΟϟΎόϣϟ�Δϳϧίϳϣ
ΩΧΗγ�έϣ�Ϋϫ�έΑΗόϳϭ��ΔΟϟΎόϣϟ�ΔϣΩΎόϟ�ϩΎϳϣϟ�ϡ

�ϩΎϳϣ�ΔΟϟΎόϣ�ϲϓ�ΕέΎϣΛΗγϻ�ΕΗΑΛ�ΙϳΣ�ˬϡϬϣ
�ΏΑγΑ�ϝΑϗ�ϥϣ�ΔϳΩΟϣ�έϳϏ�ΎϬϧ�ϲΣλϟ�ϑέλϟ

�ΙϭϠΗϟ�ϝλΣϳ�ϱΫϟϘΣϻΎ�ϡϭϘΗγ�ˬϙϟΫ�ϰϠϋ�Γϭϼϋ��
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�Ε˯έΟϹ�ΩϳΩΣΗΑ�ϲΣλϟ�ϑέλϟ�Δϣϼγ�ρρΧ
ϣ�ϝϠϘΗ�ϑϭγ�ϲΗϟϭ�ˬΔϣΩΎόϟ�ϩΎϳϣϟ�ΓέΩΈΑ�ΔϘϠόΗϣϟ�ϥ
�ϡγΎϘΗ�ϰϟ·�ϱΩ΅Ηϭ�ϩΎϳϣϟ�ΔρϠγ�ϰϠϋ�ϲϟΎΣϟ�˯Ώόϟ

�ΏΎΣλϭ�ΓΩΩΣϣϟ�ΕΎϳϬϟ�ϥϳΑ�ΕΎϳϟϭ΅γϣϟ
�ϰϠϋίϛέϳ�ϪϧΈϓ�ΔγΎϳγϠϟ�ϲϧΎΛϟ�έϳΑΩΗϟ�Ύϣ��ΔΣϠλϣϟ
�ϲΣλϟ�ϑέλϟ�ϩΎϳϣ�ΓέΩϹ��ϼϣΎϛΗ�έΛϛ�ΞϬϧ�ϝΎΧΩ·

ϱέΩϟ�ΩΎλΗϗϻ�ϡϭϬϔϣ�ϰϠϋ�ΩϣΗόϳ )circular 
economyΞϬϧϟ�Ϋϫ�ϱΩ΅ϳ�ϥ�ϝϣ΄ϧ�ˬ� �ϰϟ·

�ϕϓέϣϟ�ϊϣΗΟϣϟ�ϝϭΑϗ�ϥϳγΣΗϭ�ϑϳϟΎϛΗϟ�ΩΩέΗγ
�ϲϓ�ϲΣλϟ�ϑέλϟ�ϩΎϳϣ�ΔΟϟΎόϣ�ΕΎρΣϣ

�ϕϓέϣ�˯Ύηϧ·�ϙϟΫ�ΩόΑ�ϥϛϣϳ��ΔϳϠΣϣϟ�ΕΎόϣΗΟϣϟ
�έΩΎλϣϟ�ΩΩέΗγ- �˯έοΧϟ�Εηϧϣϟ�ϭ- �ϊϳΟηΗϟ

��ΕέΎϣΛΗγϻ�ΙϳΣ�ϡϋΩ�ϥϛϣϳέϳΑΩΗϟ�Ϋϫ �ϝϼΧ�ϥϣ
Ύόϣ�ΏϧΎΟ�ϰϟ·�ˬΔϳϓΎο·�ΔϳϠΣϣ�ϑΎυϭ�έϳϓϭΗ�έΛϛ�έϳϳ

�ΓέΩϹ�Γ˯Ύϔϛ�ΔΟϟΎόϣϟ�ϩΎϳϣϟ 

�ΔϟΎόϔϟ�ϩΎϳϣϟ�ΓέΩ·�ΔϳϠϣϋ�ϲϓ�έϳΑΩΗϟ�ϩΫϫ�ΩϋΎγΗγ
�ϑΩϫ�ϥϣ�αΩΎγϟ�ϑΩϬϟ�ϕϳϘΣΗ�ϰϠϋ�ϥΩέϷ�ϲϓ

ˬΓΩΣΗϣϟ�ϡϣϷ�ΎϬΗΟέΩ�ϲΗϟ�ΔϣΩΗγϣϟ�ΔϳϣϧΗϟ 
�ϲΣλϟ�ϑέλϟϭ�ϩΎϳϣϟ�ϰϠϋ�ϝϭλΣϟ�ϥΎϣο�

��ϊϳϣΟϠϟ
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Data Collection and Validation
The data used in the presented study 
were collected by the WEE Pros GmbH 
with the support of the NICE-Office in 
Jordan by means of literature reviews, 
meetings with stakeholders and field 
visits. Relevant technical data from 
literature and reports developed by the 
Ministry of Water and Irrigation (MWI), 
Water Authority of Jordan (WAJ), 
Ministry of Health (MoH), Ministry of 
Environment (MoEnv), Water Users 
Association (WUA), donors such as the 
German Agency for International 
Cooperation (GIZ), United States 
Agency for International Development 
(USAID), the United Nations (UN), and 
other Non-Governmental Organizations 
(NGOs), along with water utility and 
various private companies were 
reviewed and summarized. 

After the data collection process, the 
entire dataset was validated to ensure 
reliability and that it can be presented in 
the most accurate manner. Data 
validation was done by comparing 
received and gathered data with 
available data, the literature review, 
official publications and reports, which 
were published by other 
projects/organizations. Interviews with 
relevant persons at WAJ and the 
Miyahuna Water Company were also 
part of the data validation process. 
Geographical data were validated by 
using GPS coordinates as well as 
software and Google Earth. The data 
concerning centralized wastewater 
treatment plants (CWWTPs), 

decentralized wastewater treatment 
plants (DWWTPs) and biosolids 
management and reuse are 
summarized. 

Various meetings with different 
stakeholders were conducted with the 
purpose of gathering missing data, 
updating old information and verifying 
the available data. The stakeholders 
included the Municipality of Greater 
Amman, Water and Agriculture 
Department, WAJ, Housing and Urban 
Development Corporation, GIZ, 
NAWCO, MoA, National Agriculture 
Research Center (NARC), Jordan 
University of Science and Technology 
(JUST), MoH, Royal Scientific Society 
(RSS), and the Inter-Islamic Network on 
Water Resources Development and 
Management. Moreover, 13 site visits to 
farms were conducted. The aim of these 
visits was to collect data which describe 
cropping patterns, cropping yields, as 
well as the irrigation systems applied by 
farmers. 

 

GIS-based analysis 

Geographic mapping using Geographic 
Information System (GIS) was 
performed at the national level to 
present available data for CWWTPs and 
DWWTPs, including reuse purposes and 
locations in Jordan. The development of 
the Geo-Database System comprised 
the following activities: 
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§ GIS data received from NICE 
Office, literature review, and 
technical reports, GIS acquisition 
from field visits, GIS survey 
administration and an analysis of 
the results; 

§ Design and creation of a 
comprehensive geo-database 
using GIS; and development of 
national thematic layers and maps 
that illustrate different figures, 
statistics, descriptions and info-
graphical designs. 
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ordan is a nation burdened by 
extreme water scarcity, a factor 
which has always been one of 
the biggest barriers to the 

country’s economic growth and 
development. Jordan has one of the 
lowest levels of water availability per 
capita in the world and, as such, is 
constantly being challenged by water 
shortages. In addition, meeting water 
demands has become more difficult due 
to climate change. 

The average annual per capita 
renewable water share does not exceed 
100 m3 (Halalsheh et al., 2018a), which 
is far below the global threshold for 
severe water scarcity (500 m3 per capita 
per year). Challenges related to water 
scarcity have recently been aggravated 
by an influx of refugees, which is related 
to ongoing political unrest in the region. 
Furthermore, water scarcity challenges 
are exacerbated by the worsening 
drought conditions associated with 
climate change. 

Jordan has very limited freshwater 
resources and is classified as a semi-
arid to arid country, e.g., annual rainfall 
of less than 200 mm over 92% of the 
land. The country comprises 
89.297 km2, with 92% of the area 
considered to be desert/rangeland. 
Groundwater is the main source of 
freshwater in Jordan. However, more 
than 50% (301 MCM/year in 2016) of the 
total groundwater abstraction is 
considered unsustainable due to over-
exploitation or abstraction from non-
renewable fossil aquifers. Furthermore, 
the indirect disposal of untreated 
wastewater through cesspools or leaking 
sewer systems has further jeopardized 

the quality of country’s scarce 
groundwater resources. 

Moreover, competition among the 
domestic, agricultural and industrial 
sectors seriously burdens water 
sustainability. However, only 5% of the 
land receives enough rainfall to support 
cultivation. Even though farmers irrigate 
less than 10% of the total agricultural 
land, agricultural water requirements 
accounted for around 52% of national 
water needs - estimated at 571 MCM 
(MWI, 2018). This is controversial 
because the agricultural sector only 
contributed 3 – 4% to gross domestic 
production (GDP) in 2013 (MWI, 2016a). 

Current efforts aiming to improve the 
performance of the Jordanian 
agricultural sector mainly focus on the 
sector’s productivity, efficiency, and 
responsiveness to changing 
environmental conditions, such as 
decreases in soil quality and water 
supply (Sidahmed et al., 2012). It is 
important to note that 28.6% of the 
irrigation water used in Jordan is 
covered by TWW (Table 1). 
 
Table 1 Irrigation water supply (in MCM) by water 
resource in 2017 (MWI, 2018). 

 

 

Surface water 154.4 27.0%

Groundwater 253.2 44.3%

Treated wastewater 163.4 28.6%

Total 571.0 100%

Water resource Irrigation use 
(MCM/year)

Percentage of 
water resource

J 
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1.1 Wastewater sector in 
Jordan 

Despite facing severe challenges in 
water supply, Jordan has managed to 
provide approximately 67% of its 
population (5.8 million inhabitants) with a 
sewerage network (MWI, 2018). 
Furthermore, the reuse of TWW in 
agriculture is a well-established practice 
and has been identified as a priority by 
the government. A large amount of the 
TWW is used for agricultural production 
and, in most cases, is mixed with 
freshwater resources. However, this 
figure does not consider the losses 
through evapotranspiration and 
infiltration, among others, which have 
been shown to nearly halve the TWW 
supply (MWI, 2018). The rest of the 
population is served by onsite 
management systems, which mainly 
consist of cesspools, where unwanted 
infiltration of unpurified wastewater leads 
to serious contamination of the 
groundwater. The Government’s 
strategy for wastewater collection and 
treatment is relatively comprehensive: 
there are 33 CWWTPs under the 
jurisdiction of the WAJ, which are 
expected to treat 240 MCM/year by 
2025 to contribute approximately 16% to 
the total water budget. The treatment 
process includes “as a minimum 
secondary biological treatment is applied 
and about 70% of the collected 
wastewater goes beyond and receives 
tertiary treatment” (Halalsheh et al., 
2018a). 

The development of the wastewater 
sector also involves the adequate 

treatment, discharge or reuse of 
biosolids. 

The reuse of biosolids may be possible 
in the future, but only if the quality of the 
biosolids is compatible with Jordanian 
Standards (JS 1145, 2016). Currently, 
sludge is not stabilized in most WWTPs. 
In general, biosolids are dried in so-
called sludge drying beds and are either 
stored at the WWTP or transported to a 
landfill (AECOM, 2014). 

According to the National Water 
Strategy 2016 – 2025, wastewater shall 
not be managed as waste but as a non-
conventional water resource (MWI, 
2016a). It shall be collected and treated 
to standards that allow it to be reused in 
agriculture (unrestricted irrigation) and 
other non-domestic purposes, including 
groundwater recharge (Barceló et al., 
2011). The National Water Strategy, 
which recommends an overarching 
monitoring and evaluation policy for the 
performance of the water sector, further 
aims to revise the institutional and legal 
frameworks to streamline wastewater 
management. 

 

1.2 Challenges in the water 
sector of Jordan 

Treated wastewater has been reused in 
the Jordan Valley (JV) since the early 
1980s. When considering how other 
countries in the MENA region use TWW 
for agricultural production, Jordan still 
faces challenges that can be 
categorized under two issues. The first 
issue is related to the increased demand 
in wastewater collection and treatment. 
This issue also covers the lack of 
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available (economically viable) services 
in the scattered communities of rural 
areas and in the rapidly expanding peri-
urban areas. The lack of such services 
severely impedes the full utilization of 
wastewater and, perhaps more 
importantly, the prevention of potential 
groundwater contamination. The high 
investment costs associated with 
conventional wastewater collection 
systems hindered the expansion of 
sanitation services to such communities. 
The only feasible solution would be the 
adoption of a new paradigm that 
proposes decentralized sustainable 
sanitation options as the core approach. 
A decentralized sanitation system 
integrates a variety of approaches for 
the collection, treatment, and 
disposal/reuse of wastewater from 
individual households, industrial sites, 
institutional facilities, clusters of homes 
or businesses, and entire communities. 
The main advantage of this type of 
system is that it can service areas that 
cannot be managed by centralized 
wastewater systems due to technical 
and financial constraints. 
The second issue is related to the 
current policy, and comprises aspects 
such as the lack of socio-cultural 
acceptance, relatively limited 
government support, and the absence of 
a legal framework and related 
institutional arrangements. The science-
policy interface is also indirectly linked to 
the limited valorization of wastewater in 
Jordan, as the inadequate collaboration 
between scientific experts and 
government entities means that 
technological advances are generally 
only adopted after a significant delay. 

Demonstration projects, as well as 
improved communication and 
coordination, are required to accelerate 
the application of beneficial new 
concepts. 

 

1.3 Wastewater reuse in 
Jordan 

The scarce supply of water in Jordan 
has forced the MWI to pass a water 
management strategy that emphasizes 
the reuse of TWW as an additional water 
resource and method to improve the 
efficiency of water usage. Wastewater 
reuse has been included in the National 
Water Strategy since 1998 and the 
government has demanded that every 
new wastewater treatment project 
includes an investigation of reuse 
options. Guidelines for various reuse 
options were issued in 1995 (JS 893, 
1995), while revised, and more stringent, 
standards were enacted in 2003 (JS 
893, 2002); for example, it is prohibited 
to irrigate vegetables that will be eaten 
raw or recharge aquifers for potable use. 
The use of sprinklers for irrigation with 
TWW is only allowed at golf courses 
when irrigation is practiced during night. 
Further revisions in 2006 specified the 
quality standards for wastewater to be 
discharged into wadis/streams or used 
for irrigation (Table 2). include advice on 
irrigation practices and human exposure 
control (Kramer et al., 2007). 
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The standard JS 893 (2006) is currently 
under review by JSMO (Jordan 
Standards and Metrological 
Organization) and is expected to be 
published in 2020. 

The past ten years have been defined 
by large investments for the construction 

of WWTP as key facilities for the 
implementation of water reuse 
strategies. The National Water Strategy 
2016 – 2025 envisions that all TWW 
should be used for irrigation, as well as 
includes provisions for greywater reuse 
and rainwater harvesting at the domestic 
scale. 
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Table 2 Quality characteristics of treated wastewater to be used in irrigation and to be discharged to 
streams, wadis and water bodies according to JS 893 (2006). 

 
 

Treated wastewater is used for restricted 
irrigation, while blended water (TWW 
mixed with rain water/freshwater) is 
mainly used in the Jordan Valley for the 
unrestricted irrigation of different fruits 
and vegetables. Drip irrigation systems 
show relatively high efficiency and can 
save significant amounts of water, which 
is relevant to the severe water shortages 
of Jordan. Moreover, Jordan is currently 
trying to improve water availability by 
influencing water demand behavior, 
optimizing water transfer and allocation, 
reusing TWW in irrigation, and providing 
additional freshwater sources by 

desalination. The Government of Jordan 
(GoJ) has recently developed and 
adopted several policies that specifically 
focus on wastewater reuse. For 
example, the Water Substitution and 
Reuse Policy was drafted to alleviate the 
pressure caused by water shortages. 
Additional policies – such as the Water 
Reallocation Policy and the 
decentralized wastewater management 
(DWWM) Policy – are all part of the 
National Water Strategy 2016 – 2025 
(MWI, 2016a). The MWI is currently 
developing action plans for these 
policies that would optimize the 

Parameters

Discharged to 
streams, wadis & 
water bodies 

Unit Vegetables 
cooked, parks, 
stadiums & 
side roads 
within cities

Fruit trees, road 
outside cities & 
green 
landscapes

Field crops, 
industrial crops 
& forest trees

Cut flowers

A B C

BOD 30 200 300 15 60
COD 100 500 500 50 150
DO ≥ 2 – – ≥ 2 ≥ 1
TSS 50 200 300 15 60
pH unit 6 – 9
Turbidity NTU 10 – – 5 –
NO3

- 30 45 70 45 80
TN 45 70 100 70 70
E. coli MPN/100mla 100 1000 – ≤ 1.1 1000
Intestinal 
Helminthes 
Eggs

Egg/l ≤  0.1

Fat, Oil and 
Grease mg/l 2 88

Irrigation

Maximum allowable limits

BOD:  Biochemical Oxygen Demand; COD:  Chemical Oxygen Demand; DO:  Dissolved Oxygen; TSS: Total 
Suspended Solids; NO3

- : Nitrate; TN:  Total Nitrogen; E. coli: Escherichia coli; aMost Probable Number per 
100 ml.

Class

mg/l

6 – 9

mg/l

≤ 1
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management of Jordan’s scarce water 
resources. 

 

— Farmers agreement 

Fields of crops and olive trees are 
irrigated with TWW in the surrounding 
areas of the CWWTPs. In regard for 
providing farmers with TWW for 
irrigation purposes, an agreement with 
MWI/WAJ has to be signed. The WAJ 
has entered into 263 agreements with 
farmers which specify that the water is to 
be directly used for either fodder crops 
or trees (mainly olive trees) (Table 2). 
The farmer-WAJ agreement defines the 
amount of water that each farmer will 
receive, as well as defines the roles and 
responsibilities of each party. The 
agreement includes the following main 
clauses: 

§ The “Farmer” will be responsible 
for abstracting the defined quantity 
of TWW from the location defined 
by MWI/WAJ, through pipes using 
natural flow or via pumping 
according to the specifications 
defined by the WAJ. The 
abstraction must be performed in a 
way that protects both the 
environment and public health. 
The cost of electricity used in 
pumping operations will be the 
responsibility of the farmer. 

§ The “Farmer” is committed to pay 
the amount of 40 Fils per m3 as the 
cost of the consumed water in 
addition to 10 Fils/m3 as a 
contribution for the electricity cost, 
paid to the Authority within one 
month of receiving the invoice. 

§ The “Farmer” is committed to use 
the TWW for irrigating fodder 
crops and in restricted irrigation, 
and not to use the TWW for 
irrigating vegetables that can be 
eaten raw. In the case of maize, 
the “Farmer” is committed to 
harvesting the crop before its 
maturity and using it as a food for 
livestock. Overall, all of the 
products irrigated by TWW should 
be consistent within JS 893 
(2006). Any violation will give 
MWI/WAJ the right to terminate 
the agreement without 
compensation. 

§ The “Farmer” can be expected to 
know that the provided water is 
TWW that may contain 
microbiological pollutants; hence, 
its purity and chemical composition 
cannot be controlled. Accordingly, 
MWI/WAJ is not responsible for 
changes in the chemical, physical, 
biological and/or microbiological 
characteristics of the TWW. Thus, 
farmers should be aware of the 
results of the TWW analyses 
provided by the WAJ. 
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— Applied irrigation systems 

There is currently a vast array of 
irrigation systems available. It is not a 
technical challenge, however, it is more 
an issue of hygiene and health 
precautions (DWA, 2019). 

One of the challenges are that even if 
proper irrigation systems are in place 
often the systems are influenced by a 
lack of supplies, neglected maintenance, 
poor quality monitoring and 
management that could lead to 
"microbial re-contamination" of the 
irrigation water (DWA, 2019). 

The choice of system is influenced by 
the type of crops, soil and irrigation 
water quality, and must ensure a uniform 
distribution of water. 

Many irrigation methods are applied in 
Jordan, including border/surface-
irrigation, drip-irrigation, and sprinkler 
irrigation systems. These systems are 
mainly used to irrigate fodder crops, 
olive trees, and urban landscapes in 
close proximity to CWWTPs with TWW. 

 

Border/Surface irrigation 

This system relies on furrows in the soil 
that allow water to pass and irrigate 
crops. Border irrigation systems use a 
flat basin (furrow) with a gentle slope 
and edges to ensure that all the plants 
receive water.  

Advantage: washing down salts when 
using saline water such as TWW. 

                                                
1 According to JS 893 (2006), TWW is only allowed to 
be used for golf courses when irrigated during night. 

Disadvantage: direct human contact and 
low water efficiency by infiltration and 
evaporation. 

 

Drip irrigation 

Drip or trickle irrigation uses a pipeline 
network to distribute water among crops. 
In this system, water is conveyed drop 
by drop to the root zone of plant. This 
system can be the most efficient method 
of irrigation, as evaporation and runoff 
are minimized when the system is 
properly managed. 

Advantage: Further reduction of 
pathogens (WHO, 2006c) and limited 
risk for direct contact. 

Disadvantage: Salt accumulation in 
upper soil layer due to reduced 
infiltration. 

 

Sprinkler irrigation1 

In sprinkler irrigation systems, water is 
transported to one or more central 
locations within a field and distributed to 
crops by overhead sprinklers. 

Advantage: Water use efficient. 

Disadvantage: Formation of aerosols 
and higher risk of direct contact with 
TWW; high water quality required. 
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he data from MWI reports were 

complemented with field visits 

and meetings to gather relevant 

information. 

The collected data demonstrated that 

the WAJ is currently responsible for 33  

 

CWWTPs (Table 3; Figure 1). There 

are 11 CWWTPs in the Northern 

Governorates, 12 CWWPTs in the 

Middle Governorates, and 10 CWWTPs. 

 

 

 

Figure 1 Locations of the 33 centralized wastewater treatment plants in Jordan. 

 
Around 90% of the wastewater is 

produced in the middle governorate, as 

this is the region where most of Jordan’s 

population is concentrated. When 

accounting for the minor quantity of 

TWW that is reused in the vicinity of 

WWTPs, about 80% of TWW is only 

reused after being discharged to wadis. 

The TWW used for irrigation is primarily 

meeting Class C of JS 893 (2006) 

(Table 2). 

 

Of the 33 CWWTPs currently in 

operation in Jordan, the Al-Sharea’a 

facility, Mansorah and Shobak WWTPs 

are classified as CWWTPs according to 

the annual reports from MWI and WAJ. 

However, based on the design capacity 

of these WWTPs and according to the 

DWWM Policy (MWI, 2016b) – in which 

decentralized wastewater treatment 

systems are specified as having a 

design flow equivalent to ≤ 5.000 PE or 

a hydraulic capacity of 

≤ 182.500 m
3
/year (calculated with a 

T 
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specific wastewater production of 100 l 

per person per day) – these WWTPs 

should be classified as DWWTPs. 

Furthermore, Al-Sharea’a is rather a 

facility that is only used for 

cleaning/washing filters. 

Nevertheless, the 33 CWWTPs 

classified according to WAJ will be used 

in this study. 

 

 
Table 3 Available data for centralized wastewater treatment plants in Jordan (MWI, 2018; UNHCR, 

2018). 

 

  

Irrigation Forestry Land-
scaping

Discharge 
to wadis Industry

1 Irbid North Shouna 0.4 0.2 0.2 0 0 0 0.2 0
2 Irbid Wadi Arab 7.7 4.6 4.5 0 0 0 4.5 0
3 Irbid Irbid Center 4.0 3.0 2.9 0 0 0 2.9 0
4 Irbid Ramtha 2.7 1.6 1.4 1.4 0 0 0 0
5 Irbid Wadi Shallaleh 5.0 3.1 2.9 0 0 0 2.9 0
6 Mafraq Ekedar 1.5 0.8 0.7 0.7 0 0 0 0
7 Jarash Me’yrad 3.3 1.6 1.6 0.5 0 0 1.1 0
8 Irbid Wadi Hassan 0.6 0.5 0.4 0.4 0 0 0 0
9 Mafraq Za’atari Camp 1.3 0.5 0.5 0.5 0 0 0 0

10 Mafraq Mafraq 2.2 1.4 1.4 1.4 0 0 0 0
11 Ajlun Kufranja 3.1 1.3 1.2 1.0 0.2 0 0 0

12 Balqa Tal Mantah 1.8 0.1 0.1 0 0 0 0.1$ 0
13 Balqa Baqa’a 5.4 5.3 5.1 0.4 0 0 4.7 0
14 Balqa As-Salt 2.8 3.0 2.8 1.0 0 0 2.8 0
15 Balqa Al-Sharea'a - - - - - - - -
16 Balqa Fuheis-Mahes 1.5 1.17 1.0 0.3 0 0 0.7 0
17 Zarqa Azraq Camp 0.3 0.1& 0.1 0.1 0 0 0 0
18 Zarqa Samra 130 125.8 115.7 10.0 0 0 105.3 0
19 Amman Abu Nuseir  1.5 1.2 1.2 0 0 0.2 1.0 0
20 Amman Jiza 1.5 0.3 0.3 0.3 0 0 0 0
21 Amman South Amman 29.0 4.9 4.8 1.1 0 0 3.3 0.4
22 Amman Wadi Esseir 17.5 1.8 1.8 0.8 0 0 1.0 0
23 Madaba Madaba 2.8 2.7 2.3 2.3 0 0 0 0

24 Karak Karak 0.7 0.5 0.5 0.5 0 0 0 0
25 Karak Lajoon 0.4 0.7 0.3 0.1 0 0 0 0
26 Tafileh Tafila 2.7 0.7 0.7 0 0 0 0.7 0
27 Ma'an Mansorah 0.02
28 Ma'an Shobak 0.1 0.1 0.1 0.1 0 0 0 0
29 Ma'an Wadi Mousa 1.2 1.0 1.0 1.0 0 0 0 0
30 Ma'an Ma'an 2.1 0. 9 0.5 0.5 0 0 0 0
31 Karak Mutah-Mazar 2.6 0.5 0.4 0.1 0 0 0.3 0
32 Aqaba Aqaba-Mechanical 4.7 4.6 4.5 1.7 0 0 0 2.8
33 Aqaba Aqaba-Natural   3.0 2.6 2.5 0 0 1.9 0 0.6

Total: 163.4 26.1 0.2 1.9 131.4 3.8
& UNHCR (2018); $ TWW is stored in evapotranspiration ponds. N/A: not available; MCM: Million cubic meter.
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2.1 Northern Governorates 

There are 11 CWWTPs in the Northern 

Governorates (Figure 2). These 

WWTPs produce a total TWW quantity 

of 17.7
 
MCM/year, with 6.9 MCM of this 

amount directly reused each year. The  

 

remaining TWW, which corresponds to 

11.6 MCM and is mainly produced by 

Wadi Arab, Irbid Center, Wadi Shallaleh 

and North Shouna, is indirectly reused 

and discharged to wadis leading to the 

Jordan river (Table 3). 

 

 

Figure 2 Locations of the centralized wastewater treatment plants in the Northern Governorates. 

 
In the Ramtha, Wadi Hassan, Kufranja, 

Za’atari Camp, Mafraq and Ekeder 

facilities, 100% of the TWW is currently 

used for direct agricultural irrigation 

purposes. In contrast, only 31% of the 

TWW produced at the Me’yrad CWWTP 

is directly reused for irrigation while 69% 

is indirectly reused through discharge to 

wadis. 

It is important to note that none of the 

TWW produced at the North Shouna, 

Wadi Arab, Irbid Center and Wadi 

Shallaleh facilities is used for direct 

irrigation purposes (Figure 3). Areas 

that are directly irrigated with TWW are 

mainly found around the Ramtha, 

Ekedar, Wadi Hassan, Kufranjah and 

Mafraq facilities, while the TWW from 

the North Shouna, Wadi Arab, Irbid 

Center and Wadi Shallaleh facilities is 

only used for indirect reuse. 
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In terms of TWW quality in the Northern 

Governorates, the BOD5, COD and TN 

values of the effluents from CWWTPs 

are all below their respective maximum 

limits (Class C). An exception is the 

Ekedar WWTP, where BOD5, COD and 

TN values all clearly exceed the 

maximum limits. The E. coli 
concentrations were generally higher 

than the permissible limits for discharge 

to streams, wadis and water bodies (JS 

893, 2006) at locations where indirect  

 

use is present. This refers to the 

following facilities: Irbid Center: BOD5, 

COD, E. coli; Wadi Shallaleh: COD, 

E. coli; North Shouna: COD, TN, E. coli; 
and Wadi Arab: E. coli. 

Treated wastewater is distributed among 

farmers according to the signed 

agreements with the WAJ, with the 

allocated water quantity proportional to 

the irrigated area (Annex Figure 1). 

 

 

Figure 3 Treated wastewater reuse purposes in the Northern Governorates. 
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For instance, TWW from the Ramtha 

CWWTP is distributed among 20 

farmers who manage a total irrigated 

area of 1182 du (Annex Figure 4). 

 

The irrigated areas surrounding the 

Ekeder, Wadi Hassan, Kufranja,  

Me’yrad, Ramtha, Mafraq and Za’atari 

camp facilities employ border irrigation 

systems (Figure 4). 

 

 

Figure 4 Irrigation systems in place for direct TWW reuse in the Northern Governorates. 
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2.2 Middle Governorates 

The WAJ states that the Middle 

Governorates operate 12 CWWTPs. 

However, the Al-Sharea'a WWTP is only 

a station for cleaning filters; therefore, it 

should not be considered a CWWTP 

and is not displayed in Figure 5. 

Facilities in the Middle Governorates 

produced a total of 135.2 MCM of TWW 

in 2017 (Table 3; Annex Figure 2). 

 

 

Figure 5 Locations of the centralized wastewater treatment plants in the Middle Governorates. 

 
Of the 16.6 MCM that is reused directly, 

16.2. MCM was used for 

irrigation/lanscaping and 0.4 MCM was 

used in industry, while the remaining 

TWW (118.8 MCM) was discharged to 

wadis leading towards King Talal Dam 

(Table 3; Annex Figure 5). 

All of the effluent from the Madaba, Jiza 

and Azraq Camp CWWTPs is used for 

direct irrigation, while significantly 

smaller amounts of TWW produced at 

the South Amman, Wadi Esseir, Fuheis-

Mahes, As-Salt, Samra and Baqa’a 

CWWTP are directly reused in irrigation. 

In terms of the quality of the TWW used 

for direct irrigation, the BOD5, COD, 

TSS, TN, and Nitrate concentrations are 

all below the maximum limits of Class C 

of JS 893 (2006). 

The majority of the TWW produced by 

CWWTPs in the Middle Governorates is 

not directly reused in the vicinity of the 

WWTPs, and several TWW quality 

parameters often exceed the permissible 

limits for discharge to streams, wadis 

and water bodies (JS 893, 2006). 



 
Reuse of Treated Wastewater and Biosolids in Jordan | Nationwide Evaluation 

 

 

 

 

 

 

24 

 

Examples include Tal Mantah (BOD5, 

COD, TSS, TN; E. coli), Wadi Esseir 

(COD; TSS, TN; E. coli), South Amman, 

As-Salt, Baqa’a and Fuheis-Mahes for 

E. coli. 

The TWW produced at the Samra 

WWTP is mainly indirectly reused (91%) 

in the Jordan Valley after blending with 

rain water harvested at the King Talal 

Dam (Figure 6). 

Currently, the TWW for direct irrigation 

(9%) at the Samra CWWTP is 

distributed among 55 farmers who 

manage a total irrigated area (direct 

irrigation) of 2281 du (MWI et al., 2017); 

(Annex Figure 5 ). 

 

 
Figure 6 Treated wastewater reuse purposes in the Middle Governorates. 
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Drip and furrow irrigation systems are 

the most commonly used irrigation 

system in the Middle Governorates, 

accounting for about 90% of the 

irrigation of forage crops, while border 

irrigation systems are used for other 

types of crops (Figure 7). At the Samra 

and South Amman WWTP sprinkler 

irrigation systems are used, although not 

allowed according to JS 893 (2006). 

 

 
Figure 7 Irrigation systems in place for direct TWW reuse in the Middle Governorates. 
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2.3 Southern Governorates 

The 10 CWWTPs in the Southern 

Governorates are shown in Figure 8. 

The Mansorah and Shobak WWTPs are 

classified as CWWTPs by the WAJ; 

however, according to the DWWM 

Policy (MWI, 2016b), they should be 

classified as DWWTPs based on their 

design capacity. These WWTPs produce 

an annual total of 10.5 MCM of TWW. 

The majority of this TWW quantity is 

produced by the Aqaba-Mechanical 

(4.5 MCM/year) and at Aqaba-Natural 

(2.5 MCM/year) facilities (Table 3; 

Annex Figure 3). Relative to the North  

and Middle Governorates, significantly 

more effluent is used for industrial 

purposes (32%) in the Southern 

Governorates. Of the remaining TWW, 

around 38% is used for irrigation, 18% is 

used for landscaping and 10% is 

discharged to wadis. The effluent that is 

used for industrial purposes mainly 

stems from the Aqaba Mechanical (62% 

of the effluent is used for industrial 

purposes), and Aqaba Natural (24%), 

WWTP (Figure 9; Table 3). The 

industrial applications are limited to the 

concrete, paper and iron industries. 

 

 

 

Figure 8 Locations of the centralized wastewater treatment plants in the Southern Governorates. 
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All of the TWW produced at the Ma’an, 

Karak, Wadi Mousa and Lajoon WWTPs 

is used for direct irrigation, while 100% 

of the TWW from the Tafila and Shobak 

WWTPs, and 75% from Mutah-Mazar 

WWTP, is discharged to wadis (indirect 

reuse; Figure 9). 

Several CWWTPs produced TWW that 

did not meet certain quality parameters 

according to Class C of JS 893 (2006): 

Karak (BOD5, COD, TN) and Lajoon 

(Nitrate). 

Furthermore, several WWTPs produce 

TWW that does not meet the standards 

for discharge to streams, wadis and 

water bodies (JS 893, 2006); namely, 

the TWW produced at the Tafila 

CWWTP exceeds the maximum levels 

set for BOD5, COD, TN, and E. coli, 
while the TWW produced at the Mutah-

Mazar CWWTP exceeds the maximum 

level for TN and E. coli. 

 

 

 

 
Figure 9 Treated wastewater reuse purposes in the Southern Governorates. 
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The TWW produced at the Ma'an 

CWWTP is distributed among nine 

farmers who manage a total area of 

362.7 du (Annex Figure 6). 

The WAJ has allocated 3 m
3
 TWW per 

day for each dunum, and the main 

irrigation system currently in use in the 

Southern Governorates is border 

irrigation, which is used to irrigate forage 

crops. Drip irrigation is used in smaller 

fields of forage crops and in landscaping 

(Figure 10). 

 

 

Figure 10 Irrigation systems in place for direct TWW reuse in the Sothern Governorates
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2.4 Biosolids Management 

at CWWTPs 

Issues related to the management and 

reuse of biosolids became prevalent 

after the stabilization ponds at the 

Samra WWTP were replaced with an 

activated sludge system in 2009. Other 

treatment plants, which originally used 

stabilization ponds, are undergoing 

similar changes. However, the most 

serious management issue is related to 

Samra WWTP, which produces around 

127 t/d of stabilized sludge (biosolids) 

(AECOM, 2014). Currently, the biosolids 

produced at Samra WWTP are stored 

on-site until other management options 

can be considered. The company that 

operates and maintains the Samra 

WWTP claims that the plant will be able 

to store all of the produced biosolids for 

the entire contract period of 22 years. 

The current management practice for 

biosolids – following their removal from 

lagoons - is further compression and 

storage in an on-site “mono fill” landfill. 

Although this may be economically 

feasible, it obviously cannot be 

considered a sustainable option. Other 

treatment plants discharge biosolids to 

landfills. The Ekedar landfill receives 

both liquid and solid waste, but already 

suffers from overloading and many other 

environmental problems, such as 

leachate - which represents a serious 

threat to local aquifers. This 

demonstrates that sustainable biosolids 

management options should be 

developed for both centralized and 

DWWTPs in Jordan. This issue is highly 

relevant to both existing WWTPs and 

planned treatment facilities.  

Figures 11–13 show the sludge 

projections for CWWTPs in Northern, 

Middle, and Southern Governorates in 

2015, 2020 and 2025, respectively. 

These figures are based on data from 

the Kingdom Wide Biosolid Management 

Plan, which was coordinated by 

(AECOM, 2014). The figures clearly 

show that biosolids production is 

increasing rapidly in all of the cities 

across Jordan. However, there is no 

new available data regarding sludge 

production at Jordanian CWWTPs. 

In Jordan, the standard JS 1145 (2016) 

regulates the production, transportation 

and reuse of biosolids. The standard 

only allows biosolids to be used for 

improving the soil quality of rangelands 

or to be disposed in landfills. The current 

standard classifies biosolids into three 

classes and delimits the final fates of 

each class. According to the Jordanian 

Standard, Type III sludge can only be 

transported to sanitary landfills, while 

Type I and Type II sludge can be used 

as a soil amendment in rangelands. The 

standard makes no clear distinction 

between Type I and Type II sludge in 

terms of selected crops, rates of 

applications, and conditions of 

application. The maximum rate of 

application for both Type I and Type II 
sludge is 6 tons/ha per year, and soil 

amendment with biosolids can only be 

performed in areas with less than 

200 mm of average annual rainfall. An 

additional specification is the maximum 

moisture content, which has been set at 

40% for Type II biosolids. A moisture 

content of 40% would require either 

solar drying or a combination of 

mechanical and solar drying. It is not 
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clear on what basis the moisture content 

of Type II biosolids should be 

determined, and no methods for 

application and mixing of biosolids are 

recommended. Accordingly, it is 

recommended to check consistency of 

the JS 1145 (2016) for the use and  

disposal of biosolids. The standard also 

prohibits the use of untreated sludge; 

however, no management alternative is 

provided. 

 

 

 

Figure 11 Projected production of biosolids (in kg/d dry solids) at CWWTPs in the Northern 

Governorates. 

 
However, contrary to the legal 

framework of both, the MoEnv 

(‘Instructions of Organizing the Storage, 
Transport and Treatment of Organic 
fertilizers and their Trading for 2009’) 
and MoA (‘Instructions for the 
Requirements of Licensing, Preparation, 
Storage, Handling and Trading of 
Fertilizers and Plant Growth Regulator 
for 2011’) prohibit the production of 

organic fertilizers from biosolids, and 

refer to JS 962 (2011). 

According to JS 1145 (2016), the quality 

of biosolids is monitored once every two 

years when biosolids production is less 

than 300 t/year. The quality of biosolids 

is monitored by the Ministry of 

Environment, with the latest available 

results from 2015 (MoEnv, 2018). 

However, no further analysis of the 

quality of biosolids is currently available. 
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Figure 12 Projected production of biosolids (in kg/d dry solids) at CWWTPs in the Middle Governorates. 

 

On an international level, land 
application is still the most widely used 
biosolids management approach. For 
instance, over 50% of the 6 million 
metric tons (dry) of biosolids produced in 
the USA are land applied (Brooks et al., 
2005). 

Land application is not only relevant for 
agricultural production, but also for land 
restoration. A clear advantage of 
biosolids land application is the high 
nitrogen content, which was found to be 
around 4% for biosolids from the Wadi 
Mousa and Wadi Hassan WWTPs 

(Suleiman et al., 2010). The slow 
release of nitrogen has been shown to 
increase the productivity of crops (Lu et 
al., 2017). Top soil total nitrogen, 
extractable phosphorus concentrations, 
biomass nitrogen, and readily 
mineralized organic nitrogen have all 
been reported to increase following 
biosolids land application. Biosolids 
application was also reported to 
increase both plant available water 
supply and soil organic matter, as well 
as reduce top soil bulk density (Bhogal 
et al., 2009). 
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Figure 13 Projected production of biosolids (in kg/d dry solids) at CWWTPs in the Southern 
Governorates. 

 

In terms of the health-related aspects of 
biosolids land application, the vast 
majority of literature reviews have 
identified certain barriers that prevent 
the transfer of enteric pathogenic 
organisms to human beings (Lang et al., 
2003; Lajapathi Rai et al., 2008). In fact, 
long-term biosolids land application 
(over a time span of 20 years) enriched 
bacterial diversity (Brooks et al., 2005; 
Zerzghi et al., 2010). This is because the 
sustainable reuse of biosolids on land 
maintains soil health by promoting 
bacterial biodiversity, which plays a 
critical role in soil processes such as soil 
structure, decomposition of organic 
matter, toxin removal, and nutrient 
recycling (e.g., carbon, nitrogen, 
phosphorus and sulfur) (Zerzghi et al., 
2010). 

In the context of Jordan, a clear strategy 
that delimits the end uses of biosolids 
needs to be developed. Furthermore, 
the obstacles to efficient management 
that currently exist within Jordanian 
regulations need to be removed. It is 
important to note that there are 
additional opportunities for the reuse of 
biosolids than just land application and 
landfilling. For instance, biosolids could 
be used in cement kilns as an alternative 
energy source or in incineration plants 
for energy recovery (AECOM, 2014). 

The need to find sustainable ways of 
treating and recycling large quantities of 
carbon- and nutrient-rich sewage sludge 
is not only a problem in Jordan, it is 
prevalent on a global scale (Breulmann 
et al., 2017). An innovative idea of 
converting biosolids into a carbonaceous 
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material, called biochar, for use as a soil 
amendment is promising from both 
economic and ecological perspectives 
(Breulmann et al., 2015). The 
carbonization removes pathogens and 
can potentially degrade thermally labile 
pollutants, enabling the sustainable 
recovery of plant mineral nutrients that 
are present at high levels in sludge 
(Libra et al., 2014). 

To summarize, the land application of 
biosolids is an option that is widely 
accepted worldwide. However, it is 
critical to consider biosolids 
characteristics and application rates to 
avoid potential negative effects of soil 
enrichment, e.g. salinity, metal toxicity 
and promotion of weedy and undesirable 
plant species Action plans must also be 
in place to control point sources of 
contamination. The characterization of 
biosolids in Jordan has shown that the 
biosolids are of exceptional quality with 
respect to heavy metals, as the 

concentrations of these compounds are 
far below the limits specified in JS 1145 
(2016) (Suleiman et al., 2010). 

However, there is only limited data on 
biosolids treatment and reuse, as the 
Ministry of Agriculture in Jordan does 
not allow biosolids to be used in 
agriculture; consequently, there is no 
reuse of biosolids in the agricultural 
sector. Furthermore, biosolids are not 
directly reused for any other purposes in 
Jordan. The only exception is the Samra 
WWTP, where biogas produced from the 
anaerobic digestion of sludge is used to 
produce electricity for running the 
facility. An additional anaerobic digester 
was recently introduced at the Al-
Shallalah CWWTP. 

This is part of a wider plan to introduce 
digesters at two other CWWTPs (Irbid 
Center and Wadi Arab) in order to 
reduce electricity consumption and 
simultaneously minimize biosolids 
volume.
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ased on the available 
information, the 85 DWWTPs 
identified in Jordan produced 

about 4% of the total TWW flow 
(Figure 14; Table 4; Table 5 and 
Table 6). Even though these plants 
represent a small fraction of the 
wastewater management program, they 
are nevertheless crucial to protecting 
groundwater resources from 
contamination. It is important to state 
that the calculated percentage could be 
significantly higher if all of the DWWTPs 

had been surveyed. Furthermore, these 
facilities also contribute to climate 
change adaptation measures as 
presented in the Climate Change Policy, 
published by the MWI in 2016, which 
identified solutions and implementation 
mechanisms that would assist the 
Jordanian Government build resilience 
towards the threat of climate change. 
The three main levels of resilience 
stated in this policy are persistence, 
adaptability, and transformability. 

 

 
Figure 14 Locations of the 85 identified decentralized wastewater treatment plants identified in Jordan. 
 

According to the Jordanian DWWM 
Policy (MWI, 2016b), decentralized 
wastewater treatment systems are 
defined as having a design flow 
equivalent to ≤ 5.000 PE or a hydraulic 
capacity of ≤ 182.500 m3/year 
(calculated with a specific wastewater 
production of 100 l per person per day). 

The Jordanian DWWM Policy is 
restricted to domestic wastewater only. 
However, this study also includes 
industrial WWTPs if they correspond to 
the definition of the design flow provided 
in the Jordanian DWWM Policy. 

Within this study, the 85 DWWTPs were 
identified and grouped as follows: Hotel, 

B 
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Resorts and Tourism sites; Industry, 
Institutions, and Public buildings; 
Houses and Additional DWWTPs (see 
Table 4, Table 5, Table 6). The list of 
DWWTP included the Mansorah and 
Shobak WWTPs (see also Chapter 2 
Centralized Wastewater Treatment 
Plants and Table 6). Furthermore, the 
research identified an additional 
22 WWTPs that could neither be 
considered CWWTPs according to WAJ 
nor DWWTPs according to the DWWM 
Policy (MWI, 2016b). 

The DWWM Policy is an integral part of 
the National Water Strategy (2016 – 
2025), along with related policies and 
action plans. It will be integral to shaping 
the Jordanian approach to planning, 
implementing and operating DWWM 
infrastructure over the next decade. The 
policy includes a broad scope, as it 
covers the wide spectrum of DWWM 
options and describes the many tasks 
necessary for successful implementation 
and sustainable operation. The policy 
mentions that DWWM can significantly 
alleviate water scarcity problems by an 
estimated 64 MCM/year. Furthermore, a 
DWWM system could help avoid annual 
health costs from inadequate 
wastewater disposal (overflowing 
household cesspits, return flow in 
sanitary pipes), providing savings of 
3.757 JOD (suburb) and 2.652 JOD 
(rural) per 500 PE. In addition, the 
agricultural benefits (gross margins) 

were estimated at 679 JOD/du for 
greenhouses and 173 JOD/du for fruit 
trees. Additional benefits include savings 
from using less fertilizer (1.000 to 
3.000 JOD/year) and avoiding the 
annual costs for cleaning cesspits 
(20.039 JOD per 500 PE; (MWI, 2016b). 
The policy estimated that an investment 
of 50 million JOD in the DWWM 
infrastructure could generate up to 1.250 
sustainable jobs in the water sector. 

The DWWM approach was envisaged in 
the Water for Life Jordan’s Water 
Strategy 2008 – 2022 and the National 
Water Strategy 2016 – 2025. The 
presented strategies reflect the current 
Jordanian Policy for the entire water 
sector and, with respect to wastewater, 
sets the goal of providing adequate 
wastewater collection and treatment 
facilities for all major cities and small 
towns (van Afferden et al., 2010; van 
Afferden et al., 2015). The objective of 
the DWWM Policy is to sustain 
development, public health and 
environmental protection, cope with 
water scarcity, improve local livelihoods, 
provide efficient wastewater services, 
improve water quality, and increase the 
involvement of the private sector in 
wastewater services. An additional 
objective was promoting the participation 
and ownership of local communities in 
improving water and sanitation 
management (Lee et al., 2013; MWI, 
2016b). 
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Table 4 Available data for decentralized wastewater treatment plants in Jordan: Hotels, Resorts & 
Tourism Sites and Industry. 

 

  

Design 
capacity TWW

I
r
r

Ownership Operator Reuse

1 Movenpick Dead Sea 127.8 73.07
3

2002 Movenpick Dead Sea Own staff Forrestry & ornamental trees
2 Baptism Site 29.2 26.32

6
2000 Ministry of Tourism - Landscaping & Forestry

3 Ma'in Spring Hotel 73.0 32.93
2
.

1989 Design Associated & 
Research Bureau (DARB)

Own staff Irrigation

4 Marriott Dead Sea Resort 127.8 21.92
1

2001 - - Forrestry & ornamental trees
5 Dead Sea Panorama 8.4 7.67

.
2000 Ministry of Tourism RSCN Landscaping

6 Dead Sea Spa Hotel 36.5 32.93
2

- Dead Sea Spa Hotel Own staff Landscaping & Forestry
7 Al-Buhaira - - - - - - -
8 O Beach Dead Sea - - - - - - -
9 Holiday Inn Resort Dead Sea 91.3 62.1- 2009 Holiday Inn Resort Dead Sea Own staff Landscaping

10 Crown Plaza Dead Sea - - - - Crown Plaza Dead Sea Own staff
11 Ramada Resort - 43.8- 2014 Ramada Resort Own staff Irrigation & Flushing
12 Hilton Dead Sea Resort & Spa - - - 2018 Hilton Dead Sea Resort & 

Spa
Own staff

13 Dead Sea Lagoon Hotel & Resort - - - - Dead Sea Lagoon Hotel & 
Resort

Own staff
14 Kepinski 182.5 164.31

6
2005 United Saudi Jordanian 

Hotels & Tourism Company 
Own staff Landscaping & Forestry

15 Ma'an Bait Zaman Touristic Village 36.5 32.93
2

- - - Landscaping
16 Feynan Ecolodge 3.7 1.81

.
2019 RSCN EcoHotels Irrigation

17 Nawafleh Beit Zaman Hotel & Resort - - - - Jordan Tourism Ivestment 
co. Ltd.

Own staff Landscaping & Forestry
18 Aqaba Sunday Water Park 54.8 49.34

9
2005 Sundays International for 

Tourism Investment Limited
- Landscaping & Forestry

19 Consolidated Sulpho-Chemical & Detergents 7.3 2.22
.

- - - Irrigation
20 Arab Pioneers Carpets & Ayn Textile 109.5 73.07

3
- - - Irrigation

21 Hammoudeh Food Industries Co. 43.8 29.22
9

- - - -
22 Balqa Fuheis Cement Factory - - - - - - Forest trees
23 Jordan Petroleum Refinery 49.6 49.64

9
- - - Forest trees; froage

24 International Poultry Company (Tamam) 73.0 73.07
3

- - - Irrigation
25 Alaqlymyah Regional Supporting Industry 18.3 3.73

7
- - - Plantations

26 Yeast Factory - 73.0- - - - -
27 Jabal AlMkabr Feed Factory - - - - - - Landscaping & Forestry
28 Nuqul Group 54.8 49.34

9
1998 Nuqul Group - Landscaping & Forestry

29

Mid-Pharma 27.4 24.6

2
4
.
6

1996
Middle East Pharmac. 
Industr. & Medical 
Appliances

Landscaping & Forestry
30 Jordanian Pharmaceutical 25.6 5.55

.
- - - Forrestry

31 Sahab Industrial City - - - -
Jordanian Industrial Estate 
Corporation

Own staff
-

32 Muwakar Industrial City - - - -
Jordanian Industrial Estate 
Corporation

Own staff
-

33 King Abdullah Industrial City 657.0 365.0- - - - Farming and forage
34 Dar AlDawa Company 54.8 43.84

3
- - - Forrestry

35 Philip Morris 18.3 5.45
.

- - - Irrigation
36 Al-Keena Hygienic Paper Mill Co. 438.0 273.82

7
- - - Forrestry

37
Madaba Al Razy Pharmaceutical Company 14.6 13.1

1
3
.

1998
Al Razy Pharmaceutical 
Company

-
Forrestry

38 Al-Raei Dairy Factory 11.0 9.99
.

1996 Al-Raei Dairy Factory - Landscaping & Forestry
39 Al-Janoub Cement 54.8 16.41

6
1984 - - Forrestry

40 Aqaba Oil Company 43.8 39.43
9

1999 Aqaba Oil Company - Landscaping & Forestry
41 Hijazi Ghosheh Livestock 146.0 73.07

3
- - Forrestry

42 Jordan India Fertilizer Co. 65.7 59.15
9

2009 Jordan India Fertilizer Co. Priv. sector Landescaping

Industry

Hotels, Resorts & Tourism Sites

Madaba

Tafila

(1000 m3/y)

No. Gov. Location of WWTP Year

Mafraq

Zarqa

Amman

Tafila

Aqaba



 
Reuse of Treated Wastewater and Biosolids in Jordan | Nationwide Evaluation 

 
 
 
 

 
 

39 
 

Table 5 Available data for decentralized wastewater treatment plants in Jordan: Institutions and Public 
buildings. 

 

  

Design 
capacity TWW Ownership Operator Reuse

43 Mafraq Al Albait University 5.8 4.9 2005 Al Albait University Own staff Landscaping

44 Jerash Jerash Private University 54.8 49.2 2005 Jerash Private University Own staff Landscaping

45 Philadelphia University 36.5 32.9 2005 Philadelphia University Own staff Forrested landfill

46 Philadelphia University 36.5 73.0 - Philadelphia University Own staff Landscaping & Forestry

47 Dept. of Motor & Drivers Licensing 54.8 49.3 - - - Landscaping & Forestry

48 SMART Project/ Fuheis-Mahes 9.1 8.1 2012 Al-Balqa Applied 

University

Own staff Irrigation

49 Zarqa Zarqa Private University 73.0 65.7 2003 Zarqa Private University Own staff Landscaping & Forestry

50 Al Essra University 54.8 49.3 2003 Al Essra University Own staff Landscaping & Forestry

51 Petra University 73.0 34.7 2012 Petra University Priv. sector Forestry

52 Middle East University 43.8 39.4 - Middle East University - Landscaping & Forestry

53 German Archeological Institute - - 2018 German Archeological 

Institute

Priv. sector Landscaping

54 109.5 98.6 2011 Landscaping

55 54.8 18.3 2012 Landscaping & Forestry

56 Karak College 54.8 8.4 2013 Al-Balqa Applied 

University

Priv. sector Forestry

57 Mu'ta University 182.5 164.3 - Mu'ta University Own staff Forrestry; ornamental & olives

58 Ma'an Al-Hussein University 146.0 131.4 - Al-Hussein University Own staff Forestry

59 Irbid Sheik Hussien Bridge border 29.2 26.3 - Ministry of Public Works 

& Housing

Priv. sector Landscaping & Forestry

60 Mafraq Jaber border 73.0 65.7 1996 Ministry of Public Works 

& Housing

Priv. sector Landscaping & Forestry

61 Zarqa Al Omari Border 36.5 32.9 2005 Ministry of Public Works 

& Housing

Priv. sector Landscaping & Forestry

62 Balqa Rehab. Center (Public Security) 21.09 16.4 2005 - - Forrestry & ornamental trees

63 Rmimien Rehab. Center 109,5 43,8 - Forrestry & ornamental trees

64 Dept Motor and Drivers Licensing 54.8 49.3 2000 - - Landscaping

65 Public Security Directorat 54.8 54.8 2015 Public Security Directorat Priv. sector Landscaping

66 Traffic Academy 36.5 32.9 2000 Public Security Directorat Priv. sector Forrestry, fruit trees and crops

67 Swaqa Rehab. Center 164.3 164.3 2007 Public Security Directorat Priv. sector Forrestry

68 Al- Muwaqar Correction & Rehab. Center 54.8 49.3 - - - Forrestry

69
Ma'an

Al Mdawarah (Pumping Station) 182.5 91.3 2005 Ministry of Public Works 

& Housing

Priv. sector Landscaping

70 Aqaba Southern Entrance (Border) 11.0 9.9 2000 Ministry of Public Works 

& Housing

Priv. sector Forrestry & ornamental trees

71 Marine Forces 109.5 69.4 - - - -

72 PSD Chalet - - - Public Security Directorat Priv. sector -

Institutions

Public buildings

Balqa

Amman

Karak

Own staff
Madaba

American University of Madaba

(1000 m3/y)

American University of 

Madaba

No. Gov. Location of WWTP Year

Amman

Aqaba

Balqa
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Table 6 Available data for decentralized wastewater treatment plants in Jordan: Houses and additional 
DWWTPs, along with wastewater treatment plants that could not be classified. 

 

  

Design 
capacity TWW Ownership Operator Reuse

73 Jerash Sakeb Village 155.0 140.0 2006 - -
74 Ismail Akeel (SMART) 0.3 - - Ismail Akeel Priv. sect.
75 Maher Al Shehabi (SMART) 0.6 - - Maher Al Shehabi Priv. sect.
76 Fakri Hassan (SMART) 1.7 - - Fakri Hassan Priv. sect.
77 Nursing Home (SMART) 1.8 - - Nursing Home Priv. sect.
78 Abu Rumman (SMART) 1.3 - - Abu Rumman Priv. sect.
79 Hadidy (SMART) 0.5 - - Hadidy Priv. sect.
80 Al Awamleh (SMART) 0.6 - - Al Awamleh -
81 Ghalib Hiyari (SMART) 0.7 - - Ghalib Hiyari Priv. sect.
82 Princess Rahmeh College (SMART) 3.3 - - Princess Rahmeh College Priv. sect.
83 Amman Al-Mustaneda Housing 182.5 164.3 2011 Housing and Urban Development 

Corporation
Priv. sect.

84 Mansorah 0.02 - 2010 WAJ WAJ -
85 Shobak 0.1 0.1 2010 WAJ WAJ -

a Irbid Al Hassan Industrial City 765.5 699.0 2007 Jordanian Industrial Estate Corporation - Forestry
b Irbid JUST University 765.5 273.8 1986 JUST University Own staff

Forrestry & 
ornamental trees

c Um Lolo 328.5 295.7 2014 Public Security Directorate -
Landscaping & 
olive trees

d Al-Thuraya Co. for Supply & Marketing Poultry 438.0 365.0 - - - Forestry
e Al-Reef Poultry - - - - - Forestry

f Union for Agricultural Development & Slaughtering 200.8 54.8 - - - Forestry

g Jordan Poultry Processing & Marketing Company 292.0 146.0 - - - Forestry
h Third Dimensions Apparel LLC 219.0 91.2 - - - Forestry

j Teeba for Developed Food Processing 365.0 219.0 - -

-

Forrestry, 
ornamental trees & 
landscaping

k Royal Polo Club 350.4 226.3 - - - Landscaping
l Balqa TalaBay Resort 365.0 328.5 2012 - - -

m Abu Alanda Housing 529.3 476.3 2014
Housing and Urban Development 
Corporation

Priv. sect. Forrestry & 
ornamental trees

n Queen Alia'a International Airport 657.0 591.3 - Civil Aviation Authority (AIG) Priv. sect. Landscaping
o Jordan International Police Training Center 401.5 361.7 2006 Public Security Directorate - Forestry
p Al-Watania Poultry 1095.0 365.0 - - - -

q Princess Eman Housing 328.5 - 2014
Housing and Urban Development 
Corporation

Priv. sect.
Forage

r Al-Hussein Industrial City 244.5 182.5 - Jordanian Industrial Estate Corporation Own staff Landscaping
s Karak Hospital 438.0 255.5 - Ministry of Health Priv. sector Discharge to wadi
t Potash Housing 365.0 127.8 - - - Forestry

u Tafila Phosphate Housing 365.0 - 1985 - Priv. sect.
Forrestry, 
ornamental trees & 
landscaping

v Ma'an Jordan Phosphate Mines Co. - - - - - -
w Aqaba Tala Bay Resort  365.0 - 2012 Jordan Projects for Tourism Development - -

These WWTPs are not considered as CWWTPs according to MWI/WAJ and not as DWWTPs according to the DWWM Policy.

Mafraq

Zarqa

Amman

Karak

Houses

Additional DWWTPs

Further WWTPs

Landscaping
Balqa

Ma'an

No. Gov. Location of WWTP Year

Classified as CWWTPs according to the annual reports from MWI and WAJ. However, concerning the size of these WWTPs and according to the 
Jordanian Decentralized Wastewater Management Policy (MWI, 2016) they can be classied as DWWTPs.

(1000 m3/y)
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Decentralized wastewater treatment 
plants are currently obligated to follow 
the reuse standard (JS 893, 2006), 
however, are not specifically 
mentioned/classified in the standard 
itself with its own limits. 

The Jordanian Standard JS 893 (2006), 
was designed for the reuse of TWW 
from CWWTPs and therefore cannot be 
applied to decentralized wastewater 
treatment systems. 

The application of JS 893 (2006) is 
limited mainly to the direct reuse of 
TWW from CWWTPs for field crops, 
industrial crops and forest trees 
(Class C) and the discharge of large 
quantities of TWW to streams, wadis 
and water bodies (see Chapter 1.3). 

The existing standard JS 893 (2006) 
does not fit to DWWTPs as 
decentralized systems handle smaller 
volumes of water, requiring different 
treatment, reuse and discharge systems. 

For the first time, limit values for the 
reuse of TWW from decentralized 
treatment plants were proposed in the 
DWWM Policy (MWI, 2016b). In the 
policy effluent standard values are 
presented for decentralized wastewater 
treatment systems of up to 5.000 PE, 
where limits are based on the irrigation 
system in place (open discharge; 
infiltration trench, subsurface, drip and 
open irrigation). 

It is therefore recommended to develop 
a new standard for the reuse of 
reclaimed domestic wastewater from 
treatment plants with a design capacity 
below 5.000 PE to improve sanitation 
and water reuse in Jordan by 
considering requirements such as: 
(i) public health (direct contact, 
groundwater), (ii) agricultural productivity 
(soil and plant), (iii) environmental 
health, (iv) technological feasibility and 
(v) economic development of the 
country. 
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Photo 1 Drip-irrigation system for olive trees. The irrigation system receives its water from a DWWTP (Sequenced 
Batch Reactor) at a nursing home in Fuheis, Jordan (© André Künzelmann). 

 
A distinct characteristic of DWWTPs are 
the low operation and maintenance 
costs of the facilities, which means that 
DWWTPs are an ideal choice for 
systems with minimal sludge production 
and energy requirements (or, 
conversely, access to a continuous 
supply of energy). For instance, a 
treatment system that serves a small 
community in a rural area of Jordan 
might combine anaerobic and close-to-
nature aerobic systems. The former 
(anaerobic system) would result in a 
very low amount of excess sludge 
production and not require much energy, 
while the post-treatment choice of a 
close-to-nature system would not 
produce excess sludge and depends 
only on natural aeration (no energy 
input). Excess sludge produced from 

anaerobic treatment can be dewatered 
and further treated (depending on its 
characteristics) using sludge drying reed 
beds (SDRBs), which might be the best 
option if adequate space is available. In 
this system, sludge can be further 
stabilized and stored in the reed beds for 
up to 10 years. The sludge can 
eventually be used in agricultural 
production. In fact, a pilot study was 
already conducted at the As-Salt WWTP 
to show that such systems are feasible 
for sludge dewatering and treatment in 
Jordan. A pilot reed bed system 
consisting of 4 beds was designed and 
built by BAUER Umwelt GmbH. The 
company operated the beds for two 
years and, after which the University of 
Jordan continued to operate Beds 3 
and 4 for an additional year. 
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After the completion of the experiment, 
the sludge in these reed beds showed 
very interesting chemical and 
microbiological characteristics. All of the 
sludge had E. coli concentrations that 
were lower than 1.000 MPN/100mL. 
Concurrently, the sludge preserved 
nitrogen - with a total nitrogen content of 
about 7% - and showed high organic 
matter content (40%), both of which are 
line with the Environmental Protection 
Agency classification of good quality 
compost. 

However, there is a large concern, as JS 
1145 (2016) states that treated sludge 
can only be reused on rangelands, and 
is prohibited from being reused in 
agricultural production. It should be 
noted that the land application of sludge 
has already proven to be a promising 
alternative to chemical and manure 
fertilizers in Jordan during pilot studies 
performed by the University of Jordan 
and the Royal Scientific Society. Thus, 
future efforts should focus on making the 
MoA aware of the value of reusing 
sludge in agricultural production. This 
would lead to positive revisions in the 
current reuse standards. 

 

Control mechanisms 
Currently, no real control mechanisms 
for DWWTPs exist in Jordan. 
Furthermore, the lack of certified 
systems for DWWTPs, coupled with a 
shortage of skilled personnel for 
conducting O&M of such systems, will 
impede the development of successful 
business models. Regarding the 
management of DWWTPs, it is of utmost 

importance to establish an independent 
unit within a national body that will be 
responsible for monitoring and 
controlling the DWWTPs. 

A clear definition of roles and 
responsibilities, as well as strong 
coordination among institutions/ 
authorities, will be indispensable in 
managing the DWWTPs in Jordan 
effectively. This type of information is 
currently unavailable or scattered among 
various institutions/ authorities. For 
example, both the Ministry of Health and 
the Ministry of Environment are legally 
obliged to check numerous effluent 
quality criteria (e.g. BOD5, TSS, COD, 
E. coli) at various WWTPs on a regular 
basis and report the results to the WAJ. 

As mentioned previously, DWWTPs in 
hotels, public buildings or in the industry, 
are obligated to follow JS 893 (2006) or 
JS 202 (2007). If, by chance, the MoH is 
informed about the existence of a 
DWWTP by the health directorate of the 
specific region, then the MoH will also 
be obliged to check the effluent quality 
at these DWWTPs (MoH, 2018). This is 
the reason why certain DWWTPs are 
already listed in the annual reports of the 
MoH. The reports, MoH (2018) and 
MoEnv (2018) indicate for instance that 
certain hotels and industries exceed the 
irrigation limits set in JS 893 (2006). 

An official database (inventory) of all the 
existing DWWTPs should be created. 

Furthermore, efforts should be made to 
establish new guidelines for the 
registration of DWWTPs and the 
monitoring of effluent quality and reuse 
of TWW. 
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Photo 2 Subsurface irrigation at a residential house in Amman, Jordan (© Nabil Wakileh). 

  



4
Best Practices for 
the Reuse of Treated 
Wastewater and 
Biosolids  
 
 



 
Reuse of Treated Wastewater and Biosolids in Jordan | Nationwide Evaluation 
 
 
 
 

 
 
46 
 

ufficiantly TWW is a reliable 
water source, and can partially 
substitute for freshwater when 

water demand increases. Wastewater 
management practices have recently 
shifted from disposal to reuse, as well as 
the recovery of valuable materials. 
Resource recovery has been actively 
promoted in recent years due to its 
environmental and economic benefits, 
with many technologies progressing 
towards commercially feasible solutions 
that attempt to integrate circular 
economy principles. The circular 
economy concept has emerged in 
response to criticism of the ubiquitous 
‘take-make-consume and dispose’ 
model of growth for its negative 
environmental effects (IWA, 2018). 
Velenturf et al. (2019) stated that one of 
the key tenets of a circular economy is 
that the value of products and materials 
is maintained for as long as possible. 
Hence, waste and resource exploitation 
are minimized. Moreover, when a 
product reaches the end of its life cycle, 
it is used again to create further value. In 
the context of the water sector, 
transitioning to a circular economy 
presents an opportunity to implement 
and scale-up recent technological 
advances that support greater efficiency 
in the sector. In this regard, transforming 
waste from domestic and agro-industrial 
sources into a valuable source holds 
promise for entrepreneurs, especially 
when mixed waste streams are used to 
create a successful business model. 
These types of changes are strongly 
supported by the Sustainable 
Development Goals (SDGs) from the 
UN, which target, among others, water 

reuse (SDG 6), renewable energy 
(SDG 7) and waste recycling and reuse 
(SDG 12). The last goal can help restore 
degraded soils (SDG 15), improve 
agricultural and food security (SDC 12) 
and create resilient cities (SDG 11) 
(Otoo et al., 2018). Moreover, the 
development of innovative business 
models could be encouraged by flexible 
regulatory and institutional frameworks, 
which would, in turn, reduce potential 
health and environmental risks through 
appropriate safety control measures, 
such as the multi-barrier approach 
presented by the World Health 
Organization (WHO) (WHO, 2006c). 
This would reduce the cost of treatment 
and lead to savings in operation and 
maintenance costs. 

However, the creation of business 
models that apply circular economy 
principles and encourage private sector 
participation in waste management 
require regulatory and institutional 
frameworks that will facilitate the 
transition to a more circular economy. 
This is also a starting point for the 
provision of sustainable services and 
participation of private companies in the 
water sector. This has not yet been 
achieved in Jordan; accordingly, the 
best reuse practices discussed herein 
will consider the current Jordanian 
regulatory and institutional frameworks. 

Within this context, the sale of TWW for 
irrigation shows limited cost recovery 
due to highly subsidized irrigation water. 
However, there is the possibility of 
sustainable cost recovery when TWW is 
used for industrial purposes since the 
water can be priced higher. In the 
industrial sector, TWW has been used in 

S 
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power stations, textile manufacturing, 
paper industry, oil refineries, heating and 
cooling networks, steelworks, and, 
recently, in large data centers, e.g., 
Google Data Center in Belgium (WWAP, 
2017). 

As shown in the following sections, 
Jordan has already made advances in 
how TWW is utilized in the agricultural 
and industrial sectors. However, it is first 
essential to define criteria that can be 
used to select the optimal reuse 
practices. 

 

4.1 Criteria for selecting 
best reuse practices 

This chapter – which covers the 
selection of best reuse practices - 
excludes the Jordan Valley for two main 
reasons. Firstly, the literature and 
relevant experts are in agreeance that 
the infrastructure in this area is of a 
good standard and, secondly, irrigation 
in the Jordan Valley can be classified as 
indirect reuse with TWW, which is not 
the ideal reuse option. 

Most treatment plants in Jordan produce 
an effluent suitable for reuse, primarily 
used for irrigating fodder crops and fruit 
trees. Moreover, institutional 
fragmentation has resulted in the 
misconception that agricultural irrigation 
is a tool through which to dispose of 
TWW rather than a means of resource 
recovery. For instance, the Jordanian 
Standard 893/2006 demands nutrients 
removal even if TWW is mostly used for 
agricultural irrigation, in which case 
farmers have to apply organic or 

chemical fertilizers. Furthermore, border 
or basin irrigation – which is clearly not 
the most efficient system - remains 
widely used for the direct reuse of TWW. 
Hence, the best practices presented in 
the following chapters are specific to the 
Jordanian context, and consider the 
current direct reuse schemes at existing 
WWTPs. 

The examples of best practices 
presented here consider social 
acceptance as one of the main pillars in 
the sustainability of a specific project. All 
of the alternatives were assessed using 
the following prerequisites: 

1. Socio-economic reuse practice, 
defined as the level of end user 
involvement in the full project 
(treatment and reuse) and at all 
stages from planning to operation. 
This criterion assumes that the 
level of involvement is proportional 
to the level of social acceptance 
for the reuse scheme. If an 
industrial player is the end user, its 
willingness to pay is used as the 
criterion for acceptance. 

2. The irrigation technique has 
already been implemented in 
Jordan (this holds for cases in 
which TWW is used for agricultural 
irrigation). 

Criteria based on irrigation patterns 
related to crop-specific water 
requirements are also important in 
defining best practices. However, such 
criteria could not be included in the 
research due to a lack of documented 
meteorological and crop yield data. 
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Farmers in Jordan are only allowed to 
use biosolids (stabilized sludge) as 
fertilizer or soil conditioner in 
rangelands. Although existing 
regulations allow biosolids application at 
rangelands, it is currently only practiced 
on pilot and experimental levels. 
Moreover, biosolids application 
continues to be met with public 
opposition and low governmental 
support. In this way, no best practices 
for biosolids application have been 
established in Jordan. 

 

4.2 Best practice of 
CWWTPs 

The application of the aforementioned 
selection criteria identified two sites - the 
Wadi Musa WWTP and the Aqaba 
Natural and Mechanical WWTPs – as 
examples of best practices in TWW 
reuse. 

 

Wadi Musa WWTP 
In the case of Wadi Musa, the two most 
important examples of best practices 
are:  

1. the use of a drip irrigation system 
instead of border- and basin-
irrigation; and 

2. the extensive involvement of the 
local community in the 
implementation of direct TWW 
reuse concepts. 

The Wadi Musa CWWTP is located 
270 km to the south of Amman and 

collects wastewater from four areas: 
Wadi Musa city (including hotels); 
Taybeh; Baydah; and Al Badoul housing 
areas. The treatment process includes 
primary treatment, secondary biological 
treatment, final clarification, effluent 
polishing lagoons, chlorination, biosolids 
holding tank and sludge dry beds. As of 
2017, the Wadi Musa WWTP receives 
approximately 1.03 MCM of wastewater 
and generates about 1.02 MCM of TWW 
using extended aeration technology 
(Photo 3). The treatment plant is 
equipped with 16 drying beds for 
processing thickened sludge, and 
biosolids cake (>70% solid content) is 
produced mainly during peak flow 
operation (high tourist season). Dried 
biosolids are then collected and stored 
at the treatment plant. 

 

The first community-based project was 
established in collaboration with USAID. 
The local community was provided with 
technical information on how irrigating 
their fodder crops with TWW could: 

i. help improve the livelihoods of the 
local community; 

ii. reduce the competition and demand 
for freshwater; and 

iii. conserve natural resources and the 
surrounding environment. 

Treated wastewater is the only water 
source for irrigation in the area and the 
project in Jordan is considered the first 
direct reuse project. The plant provides 
irrigated water for a total of 1069 du. 
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Photo 3 The Wadi Musa wastewater treatment plant (© Aqaba Water Company). 

 

— Social and economic impact — 
The Wadi Musa demonstration of direct 
TWW reuse has been implemented 
permanently and sustainably within the 
“Reuse for Industry, Agriculture and 
Landscaping” (RIAL) project, which was 
funded by USAID. In total, 45 farmers 
and their families benefited from the 
project, which allowed them to generate 
additional income by cultivating fodder 
crops. The RIAL project was 
implemented by the U.S engineering 
firm Camp Dresser and McKee, and had 
an overarching goal of successfully 
demonstrating how TWW reuse can 

sustainably utilize water resources, 
provide economic benefits and support 
community development. Furthermore, 
this RIAL project should show to the 
public that direct TWW reuse can be 
reliable, commercially viable, 
environmentally sustainable, and safe 
(AECOM, 2015). The project clearly 
demonstrated how the application of an 
environmental management system can 
improve both the financial and 
environmental performance of WWTPs. 
Following the completion of the project, 
the dissemination of easily 
comprehensible information and direct 
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communication with the local community 
have both removed barriers to TWW  

reuse. Members of the project were able 
to build trust with the local farmers, as 
well as help them realize the potential 
economic incentives. As a results the 
farmers’ attitudes towards using TWW 
for irrigation changed from hesitant to 
accepting. It should be noted that social 
acceptance of the project was built over 
a decade of intensive communication 
with local communities. However, 
communication was complicated due to 
the fact that the reuse site was located 
in a natural reserve with very strict 
regulations. 

 

— Planted area — 
The WWTP produces approximately 
1 MCM/year of TWW that is entirely 
used in irrigation to guarantee zero 
discharge to the Gulf of Aqaba. 

Soil monitoring at the Wadi Musa reuse 
sites showed no salt accumulation over 
an eight-year observational period. 

When the Wadi Musa treatment plant 
first began operating, the reuse site was 
managed through a subcontract 
between PA Government Services Inc. 
and the BADIA Research and 
Development Program (BRDP). The 
demonstration area was fully planted 
and irrigated with a functioning drip 
irrigation system. The area includes 
various crops, more specifically: field 
crops such as alfalfa, maize, sunflowers 
and Sudan Grass; tree crops including 
pistachio, almond, olives, date palms, 
lemons, poplars, spruce and junipers; 
and many varieties of ornamental 

flowers including irises, geraniums, 
petunias and daisies (Photo 4). The 
maize in this area showed approximately 
25% higher growth than maize grown 
with freshwater, while sunflowers in the 
area demonstrated approximately 30% 
higher growth than sunflowers grown 
with freshwater (Khleifat et al., 2003). A 
total of 2.020 trees and 400 shrubs and 
flowers have been planted. Alfalfa has 
been the most profitable crop, followed 
by barley and olive (AECOM, 2012). 
Currently, the total area covers 1069 du, 
with a 350 du expansion planned in the 
future. The cropping pattern is: alfalfa 
and other fodder crops: 90%; olive trees: 
7%; Grape trees: 2.5%; fruit trees such 
as Fig, Guava, and Lemon, along with 
cactus and ornamental flowers: < 1%. 

The largest achievement of the project 
was introducing the direct reuse of TWW 
in irrigation to the area, which was 
considered a major development in the 
south of Jordan based on the amount of 
jobs that it created. It is important to note 
that farmers participated in the 
implementation of reuse projects in Wadi 
Musa; this most probably increased their 
awareness and acceptance of the 
practice. The direct reuse of TWW has 
increased economic returns by reducing 
the amount of fertilizer that farmers need 
to apply, which, in turn, has increased 
productivity. Instead of trying to convince 
farmers to irrigate their fields with TWW, 
the area around the Wadi Musa 
treatment plant is now struggling to 
supply enough TWW to meet the local 
demand. The plant, which reliably treats 
large quantities of wastewater to 
produce high-quality TWW, has enabled 
the government – with the support of 
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donors – to demonstrate how TWW 
could improve agricultural productivity in 
the Wadi Musa area (SWIM, 2013). 
Better awareness and understanding at 
the community level have positively 
changed farmers’ opinions of using 
TWW for irrigation. Moreover, the 
farmers have been highly satisfied with 
the results.  

Some of the TWW has been utilized by 
local operators to create eco-tourism 
projects. According to the Wadi Musa 
WWTP manager, local farmers earn 
around 150 JOD/dunum when growing 
alfalfa and fodder crops. Furthermore, 
he has stated that farmers experience 
60% and 20% savings in nitrogen and 
potassium fertilizers, respectively, due to 
the direct reuse of TWW in agricultural 
irrigation. 

 

  

  
Photo 4 Reuse of treated wastewater in the area of the Wadi Musa wastewater treatment plant 
(© Amal Hijazi). 
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Photo 5 The Aqaba wastewater treatment plants (© Aqaba Water Company). 

 

Aqaba WWTPs 
The city of Aqaba enacted the Policy of 
Zero Discharge to the Gulf of Aqaba, 
which forced the wastewater sector to 
turn a challenge into an opportunity by 
effectively treating wastewater and 
identifying fit-for-purpose reuse schemes 
that would ensure sustainable cost 
recovery. The capital investment was 
paid by the tourism sector under a 
Public Private Partnership (PPP) 
contract (IWA, 2018).The water sector is 
managed by the Aqaba Water Company 
(AWC), which collects 90% of the 
wastewater, a total quantity of 
7.0 MCM/year (IWA, 2018). The other 
10% are collected in septic tanks 
followed by leaching fields. The 
collection system includes 250 km of 

gravity sewers and 7 km of rising mains 
(AECOM, 2015). Several pump stations 
direct the flow through a 1200 mm 
gravity interceptor to the WWTP, after 
which the influent is split into mechanical 
and natural treatment streams (AECOM, 
2015). The influent is treated using two 
different treatment technologies, more 
specifically, 2.5 MCM/year is treated 
using a natural system featuring 
facultative and maturation ponds, while 
the remaining 4.5 MCM/year is treated 
at the secondary level using oxidation 
ditches, clarifiers, sand filtration and a 
UV-disinfection unit, as shown in 
Photo 5. It should be noted that the 
investment into the WWT provides the 
AWC with additional net income of 
4 million US$ per year. 
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The ponds have an area of around 
0.6 km2 and lie at the tip of the Gulf of 
Aqaba, which is situated along a major 
bird migratory bottleneck between 
Eurasia and Africa. Thus, ensuring a 
sustainable and effective treatment 
process is an environmental priority 
(Photo 6). Effluent from the natural 
treatment plant is directed towards an 
agricultural water network, which serves 
a number of customers and was 
developed primarily for agricultural 
irrigation purposes. When the demand 
for irrigation water is low, effluent is sent 
to evaporation ponds. Effluent from the 
mechanical WWTP is diverted to 
industrial users (mainly for cooling 
water), used for landscaping, or sent to 
evaporation ponds when there is no 
demand for the effluent (AECOM, 2015). 
Treated wastewater already provides 
15% of the city’s water demand and 
enables Aqaba to maintain the green 
areas and urban landscape (Elimam et 
al., 2012). This water supply also meets 
the water demands of development 
projects and the industrial zone. The 
main industrial customer is the Jordan 
Phosphate Mines Company (JPMC), 
which may use up to 2.5 MCM, or 33% 
of the TWW flow, on an annual basis 
(World Bank, 2011). With respect to 
biosolids, all of the solids generated at 
the Aqaba Mechanical WWTP are 
diverted to conventional sand drying 
beds. Drying is performed in open air, 
which quickly results in dry cakes 
containing up to 90% solids that are 
landfilled on-site. This on-site disposal 
represents the least costly alternative for 
the Aqaba WWTP. 

 

Photo 6 Aqaba birds’ observatory (Aqaba Bird 
Observatory Gate © Feras Rahahleh). 

Although details about cost recovery do 
not exist, personal communication with 
the treatment plant engineer revealed 
that reuse for industrial purposes 
provides the best return. Recent 
investments in golf courses and luxury 
residential complexes entail promising 
routes for cost recovery, as these types 
of properties have a high demand for 
water to upkeep lawns and ornamental 
plants. The selling prices and high 
percentage of direct reuse in the city 
indicate positive public acceptance of, 
and satisfaction with, direct TWW reuse. 
The recognized bird migratory pathway 
was pivotal to creating the 
circumstances that provide a unique 
example of how TWW can be used for 
environmental purposes in Jordan. 

 

4.3 Best practice of 
DWWTPs 

Regarding DWWTPs best practices, the 
Public Security Directorate (PSD) 
DWWTP was considered the best 
example of DWWTP design and 
operation in Jordan (Photo 7). The 
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WWTP selection process was based on 
a detailed analysis of the Public Security 
Directorate institutional settings, 
potential locations for the plant, and 
capacities - especially those related to 
the operation and maintenance of the 
selected system. The produced effluent 
meets Class A of JS 893 (2006), which 
is the highest class of effluent quality. 
The effluent is used to irrigate the 
Directorate’s green areas, which 
encompass nearly 19 du of olive trees 
and some roadside ornamental plants. 
The irrigation scheme process reuses up 
to 100% of the produced TWW, which 
can save 4.500 m3 of freshwater per 
month. 

The DWWTP employs Sequencing 
Batch Reactor technology (SBR) with a 
design capacity of 150 m2/d, which 
reflects the water used by around 2.500 
PSD employees. 

 

— Irrigation system — 
A drip irrigation system is used to irrigate 
18.500 m2 of landscape and ornamental 
trees. There is the possibility to irrigate 
another 15.500 m2 of green areas within 
the project borders. Furthermore, an 
90.000 m2 area outside of the project 
border could be developed into a green 
area that can be irrigated with TWW 
from the PSD DWWTP, but this depends 
on an agreement between relevant 
parties (Hayek, 2013). 

 
Photo 7 Treated wastewater reuse at the PSD 
decentralized wastewater treatment plant (© Nabil 
Wakileh). 

Drip irrigation is the optimal irrigation 
system, as it enables highly efficient 
water use based on the delivery of 
minute amounts of water at low pressure 
through numerous emission points. 

The design of the irrigation system used 
in the areas around the PSD DWWTP 
complies with the Jordanian Standards 
for Wastewater Reuse. The design 
considered the peak monthly 
evapotranspiration rates based on actual 
weather conditions and rainfall at the 
location. The PSD DWWTP produces 
only small quantities of biosolids. These 
biosolids are managed via collection by 
tankers once every two months 
(collection could be even less frequent). 
The collected biosolids are then 
disposed at a dumping site. 



5
Assessment of 
Bottlenecks Regarding   
the Sustainable Reuse  
of Treated Wastewater 
and Biosolids
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ordan will require an integrated 
water resource management 
approach that clearly positions 

wastewater in the water cycle to 
adequately prepare for climate change. 
Wastewater is the only water resource 
that is sustainable and increasing; 
therefore, this resource should be 
optimally utilized. The political situation 
in the region, which manifests itself in 
the influx of war refugees, has also 
increased the magnitude of the 
environmental, water and wastewater 
challenges within Jordan. Analyses 
related to the carrying capacity of Jordan 
must carefully consider which options 
can guarantee certain living standards 
for both citizens and refugees. 
Obviously, water and water-related 
aspects are central issues concerning 
human equality and dignity. 
Nevertheless, food security adds to the 
challenge, and demonstrates why food-
water security should be one of the top 
priorities for the Jordanian Government. 

Many countries in the MENA region face 
challenges related to scarce water 
resources, population growth, and 
climate change. TWW could be a viable 
solution to some of these problems, as it 
can be used instead of conventional 
water resources for diverse purposes. 
Many factors – such as regulatory, 
institutional, social, technical, and 
financial aspects – can influence the 
success of the substitution process. 

 

5.1 Regulatory and 
institutional bottlenecks 

Perhaps one of the main bottlenecks 
related to the use of TWW and biosolids 
in Jordan is institutional fragmentation, 
which jeopardizes the design and 
implementation of effective reuse 
schemes. This fragmentation is evident 
in that many of the involved 
stakeholders, e.g., MoA, MWI, Jordan 
Valley Authority (JVA), WAJ, MoEnv, 
MoH, have overlapping responsibilities 
and, more importantly, lack sufficient 
coordination (Seder et al., 2011). There 
is no clear structure for cooperation 
among these government organizations; 
as a result, resources are not effectively 
used as some tasks are repeated by 
several stakeholders. 

A National Water Reuse Coordination 
Committee (NWRCC) was formed as 
per cabinet letter 57/11/6826, dated 
21/5/2003, under the supervision of the 
secretary general of the WAJ. The 
members of the committee represented 
the Royal Court, MoH, MoEnv, MoA, 
National Center for Agricultural 
Research and Technology Transfer, 
JVA, Royal Scientific Society (RSS), 
Farmers Union, universities and the 
private sector. The committee was 
mainly tasked with establishing a 
coordination plan for the reuse 
directorate so that most of the overlap 
between Jordanian ministries could be 
removed. However, the committee was 
not active and hardly any improvement 
was noticed. Consequently, all of the 
actions and decisions related to reuse 
were left to the WAJ, a responsibility 
which did not result in successful reuse 
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schemes. It is worth mentioning that 
although Jordanian regulations and 
standards permit restricted irrigation with 
TWW (i.e. direct reuse2 scheme for 
vegetables that are cooked prior to 
consumption by humans), the WAJ has 
so far limited the direct reuse of TWW to 
fodder crops and fruit trees. 

Farmers could experience significantly 
higher financial returns if they were 
granted licenses that reflected what is 
permitted in the current standards (i.e. 
restricted irrigation with TWW 
(Majdalawi, 2013). However, the lack of 
downstream control due to a low level of 
practical MoA involvement means that 
the reuse directorate published by the 
WAJ will not include revisions that would 
allow higher value crops to be irrigated 
with TWW. It can be assumed that the 
minimal engagement of the MoA in this 
regard could be due to a lack of 
awareness regarding the benefits of 
reusing TWW and biosolids. This is 
reflected in the MoA’s instructions for the 
licensing, preparation, storage, handling 
and trading of fertilizers from 2011, as 
well as instructions in Article 4 of 2009 
that prohibit the production of organic 
fertilizers from biosolids that stem from 
WWTPs. The ministry also apparently 
lacks relevant information on the 
benefits of biosolids land application. 
Moreover, decisions at the MoA are 
sometimes heavily influenced by 
different agricultural associations, most 
of which oppose the land application of 
biosolids. The main voiced concern is 
that the land application of biosolids will 
negatively affect the quality and 
                                                
2 Treated wastewater is used for agricultural irrigation 
without blending with other water sources. 

reputation of agricultural products in the 
country. This opinion was publicly stated 
by the National Sludge Technical 
Committee, which was formed by the 
Cabinet in 2015. It is worth mentioning 
that the committee was formed to give 
technical advice on biosolids reuse 
possibilities, with particular emphasis on 
reuse in agriculture. The committee is 
chaired by the MoEnv and includes 
representatives from the MWI, MoA, and 
academia, among other stakeholders. 

Other major bottlenecks are related to 
the existing technical standards, which 
especially hamper the implementation of 
small-scale treatment schemes. The 
currently technical standards for large-
scale treatment systems also apply to 
small-scale systems, which impedes the 
widespread application of the latter due 
to high investment costs. Small-scale 
systems cause far lower pollutant loads 
to the environment than large-scale 
systems, a fact that has been alluded to 
in recommended modifications of 
existing standards from the DWWM 
Policy (MWI, 2016b). An additional 
bottleneck is that the quantity of TWW is 
sometimes discussed instead of its 
optimal utilization. The lack of a clear 
policy for crop patterns is considered an 
impediment to the optimal utilization of 
TWW and improvements in agricultural 
productivity (Olmstead, 2014; MWI, 
2016a). In general, crop patterns are 
established by the MoA depending on 
several factors that are primarily related 
to the price of water. Although the MoA 
has made several attempts to guide 
farmers in establishing crop patterns, 
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none of these attempts have been 
perceived as comprehensive enough. 
For example, the price of water was not 
a main part of the adopted approach, 
and this resulted in widespread mistrust 
among farmers. 

Furthermore, the current irrigation water 
tariffs are considered extremely low, 
which does not support the optimum 
utilization of water and negatively affects 
water conservation. Treated wastewater 
pricing can influence both crop patterns 
and water distribution, as well as support 
the development of business models 
that focus on decentralized, small-scale 
treatment systems. However, the supply 
of TWW for irrigation will always 
compete with freshwater sources – such 
as groundwater – even if these 
resources are scarce. The competition is 
currently fierce because the fees for 
using freshwater in irrigation are very 
low; as a result, farmers who happen to 
live close to a source to freshwater have 
no incentive for switching to TWW. 
Consequently, not only the TWW tariffs, 
but also the freshwater tariffs and the 
entire tariff system, should be revised. It 
should be noted that the irrigation water 
tariff was established in 1994, and has 
remained constant ever since, even 
though the inflation rate from 1994 to 
2011 was 81%. The current tariff is 
based on an increasing block rate that 
varies between 8 and 35 Fils per cubic 
meter (van den Berg et al., 2016). 

These examples demonstrate that 
institutional fragmentation is one of the 
main challenges for the wastewater 
sector in Jordan. For this reason, the 
National Implementation Committee for 
Effective Integrated Wastewater 

Management (NICE) should have a 
stronger role in coordinating different 
institutions and supporting the decision-
making process. Such communication is 
pivotal to ensuring a smooth flow of 
knowledge between institutions. 

 

5.2 Technical and financial 
bottlenecks 

Although Jordan is a pioneer in using 
TWW for agricultural production, the 
country still faces some technical and 
financial challenges related to the 
increased demand for wastewater 
collection and treatment services. This 
includes the lack of economically viable 
services for scattered communities in 
rural areas and the rapidly expanding 
peri-urban areas. This issue is 
particularly relevant due to the current 
refugee situation, with 700.000 
registered refugees from Iraq and Syria, 
90% of which live outside of camps, 
severely straining Jordan’s carrying 
capacity (MWI, 2018). The lack of 
wastewater collection and treatment 
services presents a real barrier against 
the full utilization of wastewater and, 
perhaps more importantly, the 
prevention of potential groundwater 
contamination. The high investment 
costs associated with conventional 
wastewater collection systems hindered 
the expansion of sanitation services to 
such communities. The Wastewater 
Master Plan published by the 
International Resources Group (IRG, 
2013) provides a snapshot of 
sanitation and wastewater treatment in 
Jordan and justifies the need for 
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investments in wastewater collection. 
Jordan does not currently have codes 
for non-conventional sewage networks 
and the country has a lack of experience 
in these types of systems. 

When discussing challenges related to 
the expansion of services to rural and 
developing areas, it is important to note 
that the absence of adequate storm 
water drainage systems renders 
treatment plants inoperable during 
extreme rainfall events, which have 
been predicted to increase in frequency 
and intensity due to climate change. 
Jordan has already experienced 
economic and environmental costs from 
the damage caused to treatment plants 
during extreme weather events.  

With respect to DWWM systems, the 
lack of well-established business models 
is the main bottleneck hindering the 
widespread use of such systems. This, 
however, cannot be considered in lieu of 
policy and institutional aspects, as 
business models will develop if TWW is 
proactively directed to higher value 
uses. For instance, aquaculture could be 
considered if regulations permit such 
end use. Various effective low-cost 
treatment technologies have to be 
developed to support novel business 
models; in this way, the science-policy 
interface must be strengthened to drive 
the implementation of these types of 
technologies. Additional barriers to the 
development of successful business 
models include the lack of certification 
systems for DWWTPs and a shortage of 
skilled personnel for the O&M of such 
systems. 

It is also important to consider how 
existing capacities could support the 
implementation of different irrigation 
systems. For instance, subsurface 
irrigation systems would not require 
such strict effluent standards with 
respect to pathogens and organic 
pollutants, which are relevant to 
solutions that focus on potential odor 
concerns. However, subsurface 
irrigation systems are rarely used in 
Jordan, and there are very few instances 
when they have been used to distribute 
TWW. 

 

5.3 Cultural and social 
bottlenecks 

The indirect reuse of TWW is generally 
accepted in Jordan, but the public is 
much more resistant about direct TWW 
reuse. It is well recognized that Jordan is 
a water scarce country that will run out 
of freshwater resources at current 
consumption levels, and this knowledge 
may be the main reason why the general 
public is accepting indirect TWW reuse. 
However, in the case of farmers, profits 
are more important than acceptance. 
For instance, farmers do not always 
conform to Jordanian standards even 
though monitoring programs are in place 
to ensure compliance in terms of water 
quality and the type of irrigated crops. 
Some farmers use TWW discharged into 
streams for unrestricted irrigation before 
mixing the treated effluent with 
freshwater in reservoirs. This irrigation 
practice is considered illegal and 
violates the Jordanian Standard JS 893 
(2006). It has been suggested that 
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farmers mainly disregard the current 
standard due to a lack of knowledge 
about which practices are permitted and 
which practices are prohibited. 

There is clear resistance to biosolids 
reuse for agricultural production. 
Biosolids reuse has still not been 
introduced to the public, with the 
resistance towards biosolids reuse 
coming from different institutions, as 
discussed earlier. Moreover, farmers do 
not want to jeopardize the reputation of 
their products, even if they feel that 
biosolids reuse could be beneficial and 
safe. 

Local opinion is critical to wastewater 
treatment projects, as small-scale 
wastewater management schemes 
usually face the most resistance from 
local communities who are concerned 
about the site at which the facility will be 
built. This may stem from a lack of trust 
between the public and the government 
with respect to the capacity of a WWTP 
to achieve sufficient levels of treatment, 
especially in terms of odors. 

Moreover, communities are usually 
doubtful of future governmental plans for 

treatment plants. In many instances, the 
local community believes that the WAJ 
will connect neighboring towns to the 
treatment plant that is to be installed in 
their neighborhood. This would 
negatively affect the reputation of the 
town in which the treatment plant is 
located. Local communities commonly 
fear that the value of land in areas 
surrounding the treatment plant will 
decrease, and this concern has 
increased resistance to the development 
of wastewater treatment services. 
In fact, the lack of social acceptance 
towards wastewater reuse in Jordan has 
halted the implementation of many 
sanitation service projects, some of 
which have focused on wastewater 
reuse. In some cases, the attitudes 
towards a project became so aggressive 
that the Ministry of Interior Affairs had to 
interfere to stop violence and solve 
conflicts. Lack of awareness among the 
general public as well as conflicts of 
interest between land owners and the 
government seem to be the main 
bottlenecks for small-scale sanitation 
and reuse projects. 

 



6
Policy Measures that 
would Ensure the Long-  
Term Sustainability of  
Wastewater and
Biosolids Reuse
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he recognition of the WHO 2006 
guidelines for the safe reuse of 
TWW in agriculture is an 

important step to addressing the 
regulatory and institutional bottlenecks 
related to wastewater reuse (WHO, 
2006d; WHO, 2006c; WHO, 2006a; 
WHO, 2006b). Evidently, Jordan has 
adapted the guidelines through its 
National Irrigation Water Quality 
Standards (JS 1766/ 2014), which 
recognize various types of irrigation 
water, including surface water, as 
potential contamination sources that 
need to be regulated. Specifically, 
surface water was found to be polluted 
(Al-Mashagbah, 2015) by different 
sources including agricultural drainage, 
dead animals, and runoff, among others. 
Undoubtedly these contamination 
sources might also deteriorate the 
quality of TWW that has undergone 
secondary or tertiary treatment (as is the 
case in Jordan). In the case of TWW the 
public will usually blame the WWTP 
even if other contamination sources 
decreased the TWW quality. The 
provisions of JS 1766/2014 will help to 
integrate TWW into the water cycle, and 
the standard – once in effect – will 
support better acceptance of this high-
quality water resource.  

It should be noted that the WHO 
guidelines - which were developed in 
2006 – have still not been implemented 
at a national scale in any country. The 
integral approach proposed by WHO 
Guidelines (2006) cannot be 
implemented without a detailed 
management and safety plan. 
Obviously, management plans can be 
expected to vary from country to 

country, as well as within the same 
country, depending on different 
variables. In the Jordanian context, the 
extent of coordination between different 
stakeholders should be clearly defined 
when such a Sanitation Safety Plan 
(SSP) is developed and implemented. 

Some agricultural inputs might exert a 
larger influence on the safety of 
agricultural products than irrigation water 
quality. For instance, it was found that 
high-quality irrigation water might get re-
contaminated due to manure application 
(agricultural input). This contamination 
may subsequently contaminate 
agricultural products and present a 
health risk for farmers and consumers 
(Halalsheh et al., 2018b). This finding 
demonstrates that SSPs must be 
developed, as well as implemented, for 
different points of the agricultural value 
creation chain to ensure that high-quality 
irrigation water is constantly used. 

This chapter discusses the appropriate 
steps for developing SSPs and presents 
an institutional framework that would 
ensure safe agricultural production at 
the farm level in Jordan. In the proposed 
framework, irrigation water qualities 
(TWW or other sources) cannot be 
assessed without considering other 
external inputs and parameters that lie 
downstream of WWTPs. Therefore, the 
proposed framework presents farm level 
control measures and specifies which 
authority – with reference to the legal 
mandate – is responsible for each of 
these measures. 
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6.1 Sanitation safety 
planning 

Implementation plans, or SSPs, prioritize 
risks and utilize limited resources to 
minimize the most severe risks and 
progressively improve a certain societal 
problem. More information can be found 
in the WHO SSP Manual (WHO, 2016). 
The development process for SSPs 
closely mirrors that of Water Safety 
Plans (WSP) (Davison et al., 2005). 
Sanitation safety plans comprise three 
main components: 

 

1. System description, which 
describes the whole process and 
usually includes a flow chart that 
carefully delineates the system. 

2. Hazard analysis, which identifies all 
of the potential hazards (biological, 
chemical, physical, and radiological 
agents). Moreover, this component 
will describe hazard sources, along 
with possible hazardous events, and 
provide an assessment of each risk 
(Davison et al., 2005); and 

3. Control measures, which are the 
actions or activities that will be 
applied to minimize hazards. 

 

The proposed control measures entrust 
the MoA with a greater role in mitigating 
the risks that exist downstream of 
wastewater treatment. As such, laws of 
the MoH, MoA, WAJ, and MoEnv will 
regulate how TWW is used for different 
purposes. Overlaps between different 
bodies may have resulted in some 
confusion regarding assigned 

responsibilities; hence, increasing 
coordination is critical to developing 
good SSPs. For instance, the MoA and 
MoH are still discussing who is 
responsible for controlling and assuring 
the quality of irrigated crops. The MoA 
currently monitors imported crops for 
pesticide residues, but is reluctant about 
being in charge of controlling local non-
processed food. The MoH, however, 
argues that crop quality control is part of 
the MoA’s legal responsibilities. 

Overlaps in the responsibilities assigned 
to each ministry are apparent, and 
consequently, Jordanian ministries must 
improve coordination to adequately, and 
efficiently, control the quality of 
agricultural products. Moreover, it is 
expected that lack of capacities at both 
ministries are behind reluctance to take 
the lead in controlling locally produced 
crops. As such, institutional, 
infrastructural and human capacities at 
both ministries need to be strengthened. 
Recently, the Jordanian component of a 
WHO/UNDP project on adaptation to 
climate change improved the ability of 
the Jordan Food and Drug 
Administration (JFDA) to recognize 
pathogenic contamination of crops. On 
the other hand, the MoA has the 
capacity to monitor pesticide residues in 
crops, both imported and locally 
produced. 

 

6.2 Technical and financial 
measures 

Although Jordan has already made 
considerable progress in the provision of 
sanitation services, the current flux of 
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refugees and impending climate change 
impacts will require decentralized 
solutions to adequately serve the rapidly 
expanding urban areas as well as hot 
spots within rural communities. Even 
though most technologies that are 
applied in CWWTPs can also be used in 
decentralized- and semi-centralized 
systems, options that minimize biosolids 
production and are characterized by low 
operation and maintenance 
requirements should be preferred. 

It should be noted that no single 
technology can be applied to all 
wastewater treatment cases and, as 
such, the selection of a technological 
solution should be made using a 
sustainability matrix that weighs the 
characteristics of alternatives based on 
the criteria suggested in the DWWM 
Policy (MWI, 2016b). The assessments 
should always include relevant experts, 
whose judgments should consider how 
the technology fits the Jordanian context 
and how it will be perceived by the 
general public. Furthermore, a 
wastewater treatment technology should 
never be selected without considering 
reuse irrigation systems. For instance, a 
sub-surface irrigation system might be 
preferable for house onsite wastewater 
management. This is particularly true if 
the treated effluent is stored in a 
collection tank before being pumped and 
reused for irrigation. Effluent storage 
during summer months is associated 
with an increased risk of pathogenic re-
contamination, which could be 
eliminated by applying a sub-surface 
drip irrigation system. In any case, 
irrigation system selection criteria have 
to be added to the selection matrix. 

Moreover, a certification process – 
which is currently under development by 
NICE – will ensure proper selection and 
operation of technological solutions. The 
planned certification scheme will provide 
a certification framework for all WWTPs 
with a capacity of up to 5.000 PE, and 
shall describe procedures for certifying 
O&M staff in Jordan. Furthermore, it will 
list specifications for the materials, 
design and construction, and 
performance testing. The certification 
process will also specify the minimum 
written documentation that the 
manufacturer will pass on to the owner. 
It should be noted that WWTPs with 
capacities under 5.000 PE were 
selected in order to be in line with the 
National Water Strategy 2016 – 2025 
(MWI, 2016a) and the National Strategic 
Wastewater Master Plan (IRG, 2013). 

In Jordan, ownership and maintenance 
for decentralized systems are 
transferred to individual homeowners or 
small communities. This leads to a 
fragmentation of the responsibilities for 
operation and maintenance, which can 
result in overburdening the owners. 
Alternatively, business models should be 
created in which ownership of 
decentralized and centralized facilities 
are under one roof and a cluster of multi-
sized treatment systems are operated 
and maintained by a single competent 
enterprise. The resulting costs are 
passed on in the form of wastewater 
charges to all connected citizens (both in 
metropolitan and rural areas). This 
business model can be described using 
the term "central management of 
decentralized infrastructures”. 
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However, governmental support of 
small-scale DWWTPs is currently limited 
to locations at which groundwater quality 
is threatened, due to leakage from 
cesspools. The situation may change in 
the near future, especially because 
governmental subsidies could be 
indispensable to the ability of the WAJ to 
provide expanding peri-urban areas with 
high-quality, reliable sewage networks 
and treatment systems. Until the current 
situation changes, any suggested 
business model should not contain 
subsidies, but rather consider 
technologies that could utilize different 
waste streams to produce energy and/or 
recover other resources to facilitate a 
circular economy. Value creation could 
provide cost recovery in the sanitation 
sector; for instance, biological material 
that has been subjected to anaerobic 
digestion could create energy as well as 
compost – which could be returned to 
the soil to reduce the need for chemical 
fertilizers and soil amendments. At the 
global level, Drechsel et al. (2018) 
estimated that capturing all of the 
nutrients from current stocks of cattle, 
chicken, pig and sheep manure would 
yield an amount that is more than twice 
the world’s current consumption of N, P 
and K. In Jordan, such possibilities have 
to be further investigated and explored, 
and accordingly, a new regulatory 
framework has to be established. 

In conclusion, realistic standards have to 
be established through the development 
of SSPs at catchment or sub-catchment 
levels, with the aim of achieving 
significant cost savings. At the same 
time, the potential for value creation 

from various waste streams should be 
investigated. 

 

6.3 Cultural and social 
measures 

Combining wastewater treatment with 
agricultural irrigation has been 
commonplace in Jordan for several 
decades. Almost all of the wastewater 
treated receives at least secondary 
treatment. This means that the effluent 
quality mostly covers Class C as defined 
in JS 893 (2006). Moreover, large reuse 
schemes are still limited to the indirect 
reuse of ‘mixed water’, meaning that 
effluent from CWWTPs is mixed with 
surface water. Apparently, this part of 
the current wastewater management 
approach is generally accepted by the 
public. In contrast, direct reuse is 
handled far stricter in the agreements 
between the WAJ and farmers, as even 
tertiary TWW can only be used to 
irrigate fodder crops and fruit trees. A 
main reason for this restriction is the 
societal perception of water originating 
from WWTPs, which partly stems from 
the fact that public awareness programs 
have so far ignored promoting direct 
reuse of TWW. 

The assurance of the water quality is the 
responsibility of the treatment plant 
operator, as well as the reliable external 
monitoring bodies. However, if levels of 
confidence in operators and authorities 
are in general low additional measures, 
such as monitoring done by independent 
supervisory bodies, and transparent 
communication with the water users, are 



 
Reuse of Treated Wastewater and Biosolids in Jordan | Nationwide Evaluation 
 
 
 
 

 
 
66 
 

necessary to create confidence in TWW 
quality (DWA, 2019). 

Hence, the government should invest in 
public awareness programs that focus 
on disseminating relevant knowledge 
about wastewater treatment and reuse. 
For instance, Jordanian society accepts 

greywater reuse more readily than TWW 
reuse despite the fact that raw greywater 
might be as polluted as domestic 
wastewater. This is best reflected in the 
current reclaimed greywater use 
standards (JS 1776/2013), which permit 
the use of treated greywater for 
unrestricted irrigation. 

 



7Recommendations
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he severe water scarcity in 

Jordan effectively makes 

wastewater treatment and reuse 

an attractive option for preserving and 

extending available water supplies. The 

reuse of properly TWW into national 

water resources management has clear 

benefits for public health, groundwater, 

the environment and economic 

development. Treated wastewater may 

provide a significant renewable and 

reliable water source, and will contribute 

to the conservation of freshwater 

resources. Furthermore, it constitutes a 

valuable source of water and nutrients in 

agricultural schemes, therefore, TWW 

can also be valuable in terms of reduced 

chemical fertilizer use and increased 

agricultural productivity. However, these 

benefits can only be realized if the 

Jordanian government takes actions to 

improve the current situation and 

overcome existing obstacles. 

 

Increasing the production of TWW 

Currently, approximately 163 MCM/year 

of TWW is generated in Jordan (MWI, 

2018). This is primarily achieved by 

sewer-bound CWWTPs serving bigger 

cities and densely populated areas. 

Increasing the amount of TWW can only 

be achieved by extending the access of 

the population to treatment plants to 

rural and peri urban areas. Due to 

economic reasons, a combination of 

channel-bound systems with non-

channel-bound solutions of all size 

classes should be prioritized, leading to 

the formation of clusters from 

centralized, semi-centralized and 

decentralized wastewater treatment 

solutions. 

 

Consolidation of DWWTPs and reuse 
systems 

Within the WAJ, the main obstacles to 

extend decentralized wastewater 

infrastructures and reuse systems are 

staffing constraints and uncertainties for 

trouble-free operation. 

From a technical point of view, not all 

available decentralized technologies are 

easy to operate and maintain. As a 

result, NICE is currently developing a 

certification scheme for smaller plants 

that will ensure the safe reuse of TWW 

after implementation. The planned 

certification shall provide a framework 

for WWTPs with capacities of up to 

5.000 PE, and will also describe the 

certification procedure for personnel 

involved in the operation and 

maintenance of such WWTPs in Jordan. 

The certification shall specify the 

materials, designs and construction, and 

performance testing for DWWTPs and 

treatment plants for greywater. 

Moreover, it will describe the minimum 

written documentation that a 

manufacturer must hand over to the 

owner. 

The control and management of 

DWWTPs must be managed by an 

independent unit under the umbrella of 

MWI/WAJ. An official database 

(inventory) should be created and 

maintained listing all existing DWWTPs, 

monitoring plans and performance data 

as it is an important tool for central 

management of decentralized 

T 
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infrastructures. It should be noted; 

however, operation, maintenance and 

monitoring should be outsourced and 

could be covered by existing private 

companies or associations that already 

operate CWWTPs. 

Moreover, DWWTPs are currently 

obligated to comply with the irrigation 

standard JS 893 (2006), which does not 
meet the specific requirements of 

decentralized systems. The increase in 

decentralized technologies in Jordan 

makes this a concerning finding. For this 

reason, the current standard should be 

updated or a new standard set for 

DWWTPs, as described in the DWWM 

Policy (MWI, 2016b), should be 

implemented. 

 

Optimizing CWWTPs 

Regarding CWWTPs in Jordan, the 

responsible ministries should plan 

further investigations that evaluate the 

performance of certain WWTPs that are 

producing an effluent which does not 

comply with (JS 893, 2006) (see 2. 

Centralized Wastewater Treatment 

Plants). The results of these studies can 

then be used to make recommendations 

for improving the performance of these 

facilities. Increasing the quality and 

secure delivery of TWW will also create 

high quality reuse options. 

 

Decreasing water transfer losses 

Approximately 80% or more than 

131 MCM/year of TWW in Jordan is 

discharged into wadis and blended 

(mixed) with rain water/freshwater to be 

mainly used in the Jordan Valley for 

unrestricted irrigation (indirect reuse). 

Transfer and storage of TWW by river 

(wadi) runoff causes losses through 

infiltration and evapotranspiration. 

Consequently, the amount of TWW that 

reaches the irrigation fields in the Jordan 

Valley may be well below the total 

available amount. 

Reducing these losses could be a 

measure to optimize irrigation efficiency. 

To this end, the magnitude of these 

water transfer losses should be 

investigated with solutions being 

proposed and evaluated if required. 

 

Increasing direct reuse 

An additional optimization measure 

could be the reduction of indirect reuse 

in favor of a direct reuse of TWW in the 

vicinity of the WWTPs. Unnecessarily 

strict restrictions (e.g. high limits in JS 

893/2006) of TWW reuse should be 

abandoned. For example, direct effluent 

reuse in irrigation is currently mainly 

applied to fodder crops and fruit trees. 

Moreover, unrestricted irrigation is only 

allowed after mixing TWW with other 

freshwater resources. These restrictions 

might be attributed to institutional 

fragmentation, which has resulted in a 

low level of MoA involvement in 

processes that lie downstream of 

WWTPs. 

 

Adjustment of water tariffs 

Even though wastewater is already 

actively reused in irrigation in Jordan, 

the current system is still far from 
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achieving the maximum benefits. It is 

important to point out that the 

agricultural sector is highly subsidized 

by the government; therefore, the 

current water tariffs should be 

reconsidered. 

The tariffs for all other freshwater 

resources should also be reconsidered, 

particularly in the case with the recent 

National Water Strategy 2016 – 2025 

due to basing the tariff calculations on 

water allocation models. The 

reconsideration of tariffs would also 

support the development of successful 

business models. 

 

Enforcement of sanitation safety 
planning 

Sanitation safety planning for different 

catchment areas, which are in 

accordance with the IWRM principles 

presented in the National Water Strategy 

2016 – 2025, would consider all of the 

agricultural inputs, prioritize hazards and 

define specific control measures 

(actions) that would minimize associated 

risks (MWI, 2016a). An example of this 

is the regular fecal contamination of 

underground water resources – a direct 

result of the lack of wastewater 

treatment in some areas – which 

requires urgent action to safeguard 

public health, groundwater resources 

and the environment. 

Enforcing SSP would also provide the 

basis for new standards and would be 

beneficial in terms of savings in 

wastewater treatment investments, 

which have earlier been ineffective due 

to downstream contamination sources. 

Moreover, SSPs would also improve 

coordination among wastewater 

management stakeholders, 

consequently reducing the current 

burden on the WAJ and ensuring that 

each member is responsible for their 

legally defined tasks. 

 

Making biosolids a resource 

The Jordanian government is aware of 

the importance of managing biosolids 

and recognizes this as a short-term 

priority. As a matter of priority, 

investments should first be made in 

programs that fully demonstrate the 

benefits of such reuse. An example 

would be in applications that do not pose 

a health risk to the population such as 

restoration of degraded or saline soils to 

afforestation. 

For the recovery of resources from 

wastewater in the context of a circular 

economy, scientific knowledge and 

technical know-how from around the 

world should be exchanged to establish 

new criteria or guidelines for the 

sustainable management of biosolids in 

Jordan. Accordingly, it is recommended 

to check the consistency of JS 1145 

(2016) for the reuse and disposal of 

biosolids. 

In addition, appropriate sludge 

stabilization procedures, standardized 

sampling and analytical techniques and 

adequate monitoring and enforcement 

guidelines should be established to 

optimize the biosolids management in 

Jordan. 
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Strengthening social acceptance 

Public awareness programs have thus 

far failed to promote TWW reuse due to 

community acceptance. The government 

should therefore invest in public 

awareness programs that focus on 

wastewater treatment and reuse 

ensuring to address cultural and social 

concerns. All relevant stakeholders 

should participate from the initial stages 

of the implementation of reuse projects 

to further stimulate acceptance. 

Moreover, any wastewater reuse 

initiative must have effective safety 

measures in place, such as, frequent 

monitoring of effluent quality and control 

measures in the case of deviations to 

prevent negative externalities to either 

the environment or public health. Based 

on the results presented in Chapter 

2. Centralized Wastewater Treatment 
Plants, the current control mechanisms 

are not working properly. It is of concern, 

that almost 40% of the CWWTPs are still 

operating although they do not meet the 

limits specified in Standard JS 893 

(2006). 

 

SDG Goal 6 

The recommendations listed in this 

section could serve as a first basis to 

assist Jordan in achieving the SDG Goal 

No. 6 for sustainable development, 

described by the United Nations. 

The recommendations aim at improving 

water quality by reducing pollution, 

eliminating dumping, halving the 

proportion of untreated wastewater and 

substantially increasing safe reuse of 

TWW. It also aims to significantly 

increase water-use efficiency across all 

sectors and ensures sustainable 

withdrawals and supply of freshwater to 

address water scarcity and substantially 

reduce the number of people suffering 

from water scarcity. 
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تایصوتلا  

 

ΕΎϳλϭΗϟ 

�ΓΩΎϋ·�ϥϣ�ϝόΟ�ϥΩέϷ�ϲϓ�ϩΎϳϣϟ�έΩΎλϣ�η�ϥ·
ΎϳΩΟϣ� �έΎϳΧ�ΔΣϠλΗγϣϟ�ϩΎϳϣϟ�ϡΩΧΗγ �ϙϟΫϭ

�ϕΎρϧ�ϊϳγϭΗϭ�ΔΣΎΗϣϟ�ϩΎϳϣϟ�έΩΎλϣ�ϰϠϋ�ΔυϓΎΣϣϠϟ
�ΓέΩ·�ϊϣ�ϩΎϳϣϟ�ϡΩΧΗγ�ΓΩΎϋ·�ΞϣΩ�Ωόϳ�ϭ�ˬΎϬϣΩΧΗγ
�ϲϓ�ϡϛΣΗϟ�ΔϳϠϣϋ�ϥϣ�ίΟΗϳ�ϻ�˯ίΟ�ϩΎϳϣϟ�έΩΎλϣ

�ϲϳΑϟ�ΙϭϠΗϟ�ˬΔΣΎΗϣϟ�έΩΎλϣϠϟ�ϝΛϣϻ�ϡΩΧΗγϻϭ
ϰϟ�ΔϓΎοϹΎΑ ϭ�ΔϳΑϟ�ϰϠϋ�ΩϭόΗ�ϲΗϟ�Ωϭϔϟ�ΔΣλϟ

�ΔΣϠλΗγϣϟ�ϩΎϳϣϟέΑΗόΗϭ��ΔϳΩΎλΗϗϻ�ΔϳϣϧΗϟϭ�ΔϣΎόϟ
�ΓΩΎϋ·�ϥϛϣϳ�ϲΗϟϭ�ΓΩΩΟΗϣϟ�ϩΎϳϣϠϟ�ΎϣϬϣ�έΩλϣ
�ϰϠϋ�ΔυΎϔΣϣϠϟ�ˬϲϋέίϟ�ωΎρϘϟ�ϲϓ�ΎϬϣΩΧΗγ

��ΔΑΫόϟ�ϩΎϳϣϟέΩΎλϣ�Ϫϧ΄η�ϥϣ�ϱΫϟϭϝϠϘϳ�ϥ 
ϳίϭ�ΔϳϭΎϣϳϛϟ�ΓΩϣγϷ�ϡΩΧΗγ�ΔϳΟΎΗϧϹ�ΓΩΎ

ϙϟΫ�ϊϣϭ��Δϳϋέίϟ�ϻ·�Ωϭϔϟ�ϩΫϫ�ϕϳϘΣΗ�ϥϛϣϳ�ϻ�ˬ
�Δϣίϼϟ�Ε˯έΟϹ�ΔϳϧΩέϷ�ΔϣϭϛΣϟ�ΕΫΧΗ�Ϋ·
�ϥϫέϟ�ϊοϭϟ�έϳϭρΗϭ�ΕΎΑϘόϟ�ϰϠϋ�ΏϠϐΗϠϟ 

 

ΔΟϟΎόϣϟ�ΔϣΩΎόϟ�ϩΎϳϣϟ�ΕΎϳϣϛ�ΓΩΎϳί 

�ϡΗϳ�ϲϟϭΣ�ΔΟϟΎόϣ�ΎϳϟΎΣ163 �ϥϭϳϠϣ�ϥϣ�Ώόϛϣ�έΗϣ
�ϝϭΩΟϟ��Δϧγϟ�ϲϓ�ΔϣΩΎόϟ�ϩΎϳϣϟ3�ϥϣ�ϙϟΫ�ϭ���

�ϰϠϋ�ΔϛϭΑηϣϟ�ϲΣλϟ�ϑέλϟ�ΕΎϛΑη�ϝϼΧ
�ϡΩΧΗ�ϲΗϟ�Δϳίϛέϣϟ�ΔϣΩΎόϟ�ϩΎϳϣϟ�ΔΟϟΎόϣ�ΕΎρΣϣ
�ϥϛϣϳ�ϻ��ϥΎϛγϟΎΑ�ΔυΗϛϣϟ�ϕρΎϧϣϟϭ�ϯέΑϛϟ�ϥΩϣϟ
�ϕϳέρ�ϥϋ�ϻ·�ΔΟϟΎόϣϟ�ϩΎϳϣϟ�Δϳϣϛ�ΓΩΎϳί�ϕϳϘΣΗ

�ϑέλϟ�ΕΎϛΑη�ϝϭλϭ�ϊϳγϭΗ�ϲϓ�ϥΎϛγϠϟ�ϲΣλϟ
�ΏΎΑγϷ�ϥϛϟϭ�ΔϳέοΣϟ�ϪΑηϭ�Δϳϔϳέϟ�ϕρΎϧϣϟ

�ϝίΎϧϣϟ�ϙΑηϟ�ΔϳϭϟϭϷ�˯Ύρϋ·�ΎϧϳϠϋ�ΏΟϳ�ˬΔϳΩΎλΗϗ
�έϔΣϟ�ϭ�ϲΣλϟ�ϑέλϟ�ΕΎϛΑη�ϰϠϋ

�ΔΟϟΎόϣϟ�ΕΎρΣϣϭ�ΔΗϣλϣϟ�ΔϳλΎλΗϣϻ
�ϥϣ�ΕΎϋϭϣΟϣ�ΩΎΟϳ·�ϰϟ·�ϱΩ΅ϳ�Ύϣϣ�ˬΔϳίϛέϣϼϟ
�Δϳίϛέϣϟ�ϲΣλϟ�ϑέλϟ�ϩΎϳϣ�ΔΟϟΎόϣϟ�ϝϭϠΣϟ

ηϭ�Δϳίϛέϣϼϟϭ�Δϳίϛέϣϟ�ϪΑ 

 

ϡΩΧΗγϻ�ΓΩΎϋ·ϭ�Δϳίϛέϣϼϟ�ΔΟϟΎόϣϟ�Δϣυϧ 

�ϰϧΑϟ�ϊϳγϭΗ�νέΗόΗ�ϲΗϟ�Δϳγϳέϟ�ΕΎΑϘόϟ�ϝΛϣΗΗ
�Δϣυϧϭ�ϲΣλϟ�ϑέλϟ�ϩΎϳϣϟ�Δϳίϛέϣϼϟ�ΔϳΗΣΗϟ
�ϲΗϟ�ϙϭϛηϟϭ�ϑϳυϭΗϟ�Ωϭϳϗ�ϲϓ�ϡΩΧΗγϻ�ΓΩΎϋ·
�ϥϣ�ΔϳϟΎΧ�ΔϳϟΎΛϣ�ΔϘϳέρΑ�ΔϣυϧϷ�ϝϳϐηΗ�ϥϭΩ�ϝϭΣΗ

ϛΎηϣϟ�ϝ 

�ΕΎϳϧϘΗϟ�ϝϛ�αϳϟ�Ϫϧ�ϝϭϘϟ�ϥϛϣϳ�ˬΔϳϧϔϟ�ΔϳΣΎϧϟ�ϥϣ
�ϝϳϐηΗϟ�ΔϠϬγ�ΔΣΎΗϣϟ�Δϳίϛέϣϼϟ�ΔϣυϧϷϭ

�Δϳϧρϭϟ�ΔϧΟϠϟ�Ύ�ϳϟΎΣ�ϡϭϘΗ�ˬΏΑγϟ�ΫϬϟ��ΔϧΎϳλϟϭ
��ΔϣΩΎόϟ�ϩΎϳϣϠϟ�ΔϠϣΎϛΗϣϟ�ΓέΩϺϟ�ΔϳΫϳϔϧΗϟNICE (

�Γέϳϐλϟ�ΕΎρΣϣϠϟ�ΕΩΎϬηϟ�έΩλϹ�ΔρΧ�έϳϭρΗΑ
ϥΎϣο�ϰϠϋ�ΩϋΎγΗγ�ϲΗϟ �ϥϣϵ�ϡΩΧΗγϻ�ΓΩΎϋ·

�ΩΎϣΗϋϻ�ΕΩΎϬη�έϓϭΗ�ϭ�ΫϫˬΔΟϟΎόϣϟ�ΔϣΩΎόϟ�ϩΎϳϣϠϟ
�ΔόγΑ�ϲΣλϟ�ϑέλϟ�ϩΎϳϣ�ΔΟϟΎόϣ�ΕΎρΣϣϟ� �έΎρ·

�ϰϟ·�ϝλΗ5.000 ϲϧΎϛγ�˯ϰϓΎϛϣ�ˬΎϣϛ �ϑλΗ�ϩΫϫ
�ΔγέΩϟ�ϲϓ�ϥϳϠϣΎόϠϟ�ΕΩΎϬηϟ�έΩλ·�Ε˯έΟ·

�ϑέλϟ�ϩΎϳϣ�ΔΟϟΎόϣ�ΕΎρΣϣ�ΔϧΎϳλϭ�ϝϳϐηΗ
ϳ�ϭ�ϥΩέϷ�ϲϓ�ϲΣλϟ�Ωϭϣϟ�ΩΩΣΗ�ϥ�ΏΟ

�ΔΟϟΎόϣ�ΕΎρΣϣϟ�˯ΩϷ�έΎΑΗΧϭ�˯ΎϧΑϟϭ�ϡϳϣΎλΗϟϭ
ΔΟϟΎόϣ�ΕΎρΣϣϭ�ϲΣλϟ�ϑέλϟ�ϩΎϳϣ �ϩΎϳϣϟ

ϙϟΫ�ϰϠϋ�Γϭϼϋ��ΔϳΩΎϣέϟ�ϑϭγ�ˬΗ�ϕΎΛϭϟ�ΩΩΣ
�ΎϬϣϳϠγΗ�Δόϧλϣϟ�Δϛέηϟ�ϰϠϋ�ΏΟϳ�ϲΗϟ�ΔΑϭΗϛϣϟ

�ϙϟΎϣϟ�ϰϟ· 

�Δϳίϛέϣϼϟ�ΔΟϟΎόϣϟ�ΕΎρΣϣ�ϡϳυϧΗ�ΏΟϳ
)DWWTPs( �ΎϬΗέΩ·ϭ�ΔϠϘΗγϣ�ΓΩΣϭ�ΔργϭΑ

�ΔϠυϣ�ΕΣΗMWI/WAJ�ˬϡΗϳ�ΙϳΣΑ �ΓΩϋΎϗ�˯Ύηϧ·
�ϊϳϣΟΑ�υΎϔΗΣϼϟ�Δϳϣγέ�ΕΎϧΎϳΑ�ΕΎϧΎϳΑϟϭ�ΕΎϣϭϠόϣϟ

�ϲΣλϟ�ϑέλϟ�ϩΎϳϣ�ΔΟϟΎόϣ�ΕΎρΣϣΑ�ΔϘϠόΗϣϟ
Δϳίϛέϣϼϟ ��ΔϳϟΎΣϟ�˯ΩϷ�ΕΎϧΎϳΑϭ�ΔΑϗέϣϟ�ρρΧϭ

�έΩΎλϣΑ�ΔϧΎόΗγϻ�ΏΟϳ�ϪϧέϛΫϟΎΑ�έϳΩΟϟ�ϥϣϭ
�ϝϳϐηΗϠϟ�ΔϳΟέΎΧ�ϡΗϳ�ϥ�ϥϛϣϳϭ�ΔΑϗέϣϟϭ�ΔϧΎϳλϟϭ

�ΕΎϳόϣΟϟ�ϭ�ΔϳϟΎΣϟ�ΔλΎΧϟ�ΕΎϛέηϟ�ΔργϭΑ�ϙϟΫ
�Δϳίϛέϣϟ�ΔΟϟΎόϣϟ�ΕΎρΣϣ�ϝόϔϟΎΑ�ϝ�ϐηΗ�ϲΗϟ 

ϙϟΫ�ϰϠϋ�Γϭϼϋ�Δϳίϛέϣϼϟ�ΔΟϟΎόϣϟ�ΕΎρΣϣ�ϥΈϓ�ˬ
)DWWTPs�ΔϔλϭϣϠϟ�ϝΎΛΗϣϻΎΑ�Ύ�ϳϟΎΣ�ΔϣίϠϣ��

��ϡΩΧΗγϻ�ΓΩΎϋϹ�ΔϳϧΩέϻ2006/893ϟ�ˬ�ϲΗ �ϻ
ϲϔϳ �ϥ·��Δϳίϛέϣϼϟ�Δϣυϧϸϟ�ΓΩΩΣϣϟ�ΕΎΑϠρΗϣϟΎΑ

ϝόΟΗ�ϥΩέϷ�ϲϓ�Δϳίϛέϣϼϟ�ΕΎϳϧϘΗϟ�ϲϓ�ΓΩΎϳίϟ �Ϋϫ
ΏΑγϟ�ΫϬϟ��ϕϠϗ�έΎΛϣ�έϣϷ�έΎϳόϣϟ�ΙϳΩΣΗ�ΏΟϳ�ˬ

�˰ϟ�ΓΩϳΩΟ�ΔϳγΎϳϗ�ΕΎϔλϭϣ�ϕϳΑρΗ�ϭ�ϲϟΎΣϟ
)DWWTPs�ΓέΩ·�ΔγΎϳγ�ϲϓ�οϭϣ�ϭϫ�Ύϣϛ�ˬ�

��Δϳίϛέϣϼϟ�ΔϣΩΎόϟ�ϩΎϳϣϟMWI/2016a(. 
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��Δϳίϛέϣϟ�ΔΟϟΎόϣϟ�ΕΎρΣϣ�ϥϳγΣΗCWWTPs( 

�˰Α�ϕϠόΗϳ�ΎϣϳϓCWWTPs ϥΩέϷ�ϲϓ�ϰϠϋ�ϲϐΑϧϳ�ˬ
�ΕΎϘϳϘΣΗϟ�ϥϣ�Ωϳίϣϟ�ρρΧΗ�ϥ�Δϟϭ΅γϣϟ�Εέίϭϟ
�ϑέλϟ�ϩΎϳϣ�ΔΟϟΎόϣ�ΕΎρΣϣ�νόΑ�˯Ω�ϡ�ϳϘΗ�ϲΗϟ
�ϊϣ�ϕϓϭΗΗ�ϻ�ΔΟϟΎόϣ�ΔϣΩΎϋ�ϩΎϳϣ�ΞΗϧΗ�ϲΗϟ�ϲΣλϟ

�ΔϳϧΩέϷ�Δϔλϭϣϟ)893/2006�ϙϟΫ�ΩόΑ�ϥϛϣϳϭ��
�ϥϳγΣΗϟ�ΕΎϳλϭΗ�ϡϳΩϘΗϟ�ΕΎγέΩϟ�ϩΫϫ�ΞΎΗϧ�ϡΩΧΗγ

�ΔϣΩΎόϟ�ϩΎϳϣϟ�Δϳϋϭϧ�ϥϳγΣΗ�ϭ�ϕϓέϣϟ�ϩΫϫ�˯Ω
�ϥϣ�ϝϛηΑ�ΎϬϣΩΧΗγϭ�ΔΟϟΎόϣϟ�ϥ�ΎϬϧ΄η�ϥϣ�ϲΗϟ

Η�ϡΩΧΗγ�ΓΩΎϋ·�ΕέΎϳΧ�Ύοϳ�ϕϠΧ�ΔϳϟΎϋ�ΓΩϭΟ�ΕΫ 

 

ϩΎϳϣϟ�ϥϣ�ΩϗΎϔϟ�ϝϳϠϘΗ 

�ϲϟϭΣ�ϑϳέλΗ�ϡΗϳ80ϥϣ�έΛϛ�ϭ�̃ 131 �ϥϭϳϠϣ
ΟϟΎόϣϟ�ϩΎϳϣϟ�ϥϣ�Δϧγϟ�ϲϓ�Ώόϛϣ�έΗϣ�ϥΩέϷ�ϲϓ�Δ

ϭ�ϥΎϳΩϭϟ�ϰϟ·έΎρϣϷ�ϩΎϳϣΑ�ΎϬρϠΧϭ�ΔΑΫόϟ�ϩΎϳϣϟ
�ϥΩέϷ�ϱΩϭ�ϲϓ�ϲγϳέ�ϝϛηΑ�ΎϬϣΩΧΗγϻ

�έϳϏ�ϡΩΧΗγϻ�ΓΩΎϋ·��ΩϳϘϣϟ�έϳϏ�ϱέϟ�νέϏϷ
��έηΎΑϣϟ 

�ϰϟ·�ϥΎϳΩϭϟ�έΑϋ�ΔϣΩΎόϟ�ϩΎϳϣϟ�ϥϳίΧΗϭ�ϝϘϧ�ϱΩ΅ϳ
�ΙϭΩΣϻ�ϝϼΧ�ϥϣ��ΩϗΎϓ�έΎγΧ��έΧΑΗϟϭ�ΡΎηΗέ

ϙϟΫϟ�ΔΟϳΗϧ�ϰϟ·�ϝλΗ�ϲΗϟ�ϩΎϳϣϟ�Δϳϣϛ�ϥϭϛΗ�Ωϗ�ˬ
�ϲϟΎϣΟ·�ϥϣ�έϳΛϛΑ�ϝϗ�ϥΩέϷ�ϱΩϭ�ϲϓ�ϱέϟ�ϝϭϘΣ

�ΔΣΎΗϣϟ�Δϳϣϛϟ 

�ϥϳγΣΗϟ�Ύ �γΎϳϘϣ�έΎγΧϟ�ϩΫϫ�ϝϳϠϘΗ�ϥϭϛϳ�ϥ�ϥϛϣϳ
ΔϳΎϐϟ�ϩΫϬϟ�Ύ�ϘϳϘΣΗ��ϱέϟ�Γ˯Ύϔϛ�ϲϓ�ϕϳϘΣΗϟ�ϲϐΑϧϳ�ˬ

ΗΎϧϟ�ΩϗΎϔϟ�ϡΟΣ�ϡΗϳ�ˬέϣϷ�ϡίϟ�Ϋ·ϭ�ˬϩΎϳϣϟ�ϝϘϧ�ϥϋ�Ξ
�ΎϬϣϳϳϘΗϭ�ΔϳϧϘΗϟ�ϝϭϠΣϟ�ΡέΗϗ 

 

έηΎΑϣϟ�ϡΩΧΗγϻ�ΓΩΎϋ·�ΔΑγϧ�ΓΩΎϳί 

ϳ�ϥ�ϥϛϣϳ�ΩΣϟ�ϲϓ�ΔϳϓΎοϹ�ϥϳγΣΗϟ�έϳΑΩΗ�ΩΣ�ϝΛϣ
�έηΎΑϣϟ�έϳϏ�ϡΩΧΗγϻ�ΓΩΎϋ·�ϥϣ�ΓΩΎϋ·�ϟΎλϟ

έηΎΑϣϟ�ϡΩΧΗγϻ �ϥϣ�ΏέϘϟΎΑ�ΔΟϟΎόϣϟ�ϩΎϳϣϟ
Ύϳϣ�ΔΟϟΎόϣ�ΕΎρΣϣ��ϲΣλϟ�ϑέλϟ�ϩ�ΓΩΎϋ·�ΏΟϳ

�ϡΩΧΗγ�ϥϣ�ΩΣΗ�ϲΗϟ�ΔϣέΎλϟ�ϥϳϧϭϘϟ�ϲϓ�έυϧϟ
ΔΟϟΎόϣϟ�ϩΎϳϣϟ�ϡΩΧΗγ�ΓΩΎϋ·�ϡΗϳ�ˬϝΎΛϣϟ�ϝϳΑγ�ϰϠϋ��

�ϝϛηΑ�Ύ�ϳϟΎΣ�ϱέϟ�ϲϓ�ΓέηΎΑϣϟ�ΔΟϟΎόϣϟ�ϩΎϳϣϟ
ϼϋϷ�ϝϳλΎΣϣ�ϰϠϋ�ϲγΎγ��ΔϬϛΎϔϟ�έΎΟηϭ�ϑ

ϙϟΫ�ϰϠϋ�ΓϭϼϋόΑ�ϻ·�ΩϳϘϣϟ�έϳϏ�ϱέϟΎΑ�ϣγ�ϳ�ϻ�ˬ�Ω
ρϠΧ ��ΔΟϟΎόϣϟ�ϩΎϳϣϟTWW�ΔΑΫόϟ�ϩΎϳϣϟ�ΩέϭϣΑ��

�ϩΫϫ�ϥ�ϝϭϘϟ�ϥϛϣϳ�ˬϯέΧϷϥϳϧϭϘϟ �ΏΑγΑ�Εοέϓ

�ΔϳϣϭϛΣϟ�ΕΎγγ΅ϣϟ�ϥϳΑ�ϡΎϬϣϟϭ�ΕΎϳϟϭ΅γϣϟ�ϊϳίϭΗ
�ΔϛέΎηϣ�ϯϭΗγϣ�νΎϔΧϧ�ϰϟ·�ϯΩ�Ύϣϣ�Δϳϧόϣϟ

ϟ�ϲϓ�Δϋέίϟ�ΓέίϭΕΎρΎηϧ �ΏέϘϟΎΑ�ϝλΣΗ�ϲΗϟ
ϲΣλϟ�ϑέλϟ�ϩΎϳϣ�ΔΟϟΎόϣ�ΕΎρΣϣ�ϥϣ. 

 

ϩΎϳϣϟ�ΔϓέόΗ�ϝϳΩόΗ 

�ϲϓ�ΔϣΩΎόϟ�ϩΎϳϣϟ�ϡΩΧΗγ�ΓΩΎϋ·�ϥϣ�ϡϏέϟ�ϰϠϋ
�ϕϳϘΣΗ�ϥϋ� �ΩϳόΑ�ϝίϳ�ϻ�ϲϟΎΣϟ�ϡΎυϧϟ�ϥΈϓ�ˬϱέϟ

�ϩϭΟέϣϟ�Ωϭϔϟ�ϰλϗϭ �ϥ�ϰϟ·�ΓέΎηϹ�ϡϬϣϟ�ϥϣ
�ϲϋέίϟ�ωΎρϘϟ�˭ΔϣϭϛΣϟ�ϝΑϗ�ϥϣ�ΓΩηΑ�ϡϭϋΩϣ

ϙϟΫϟ�ΔϳϟΎΣϟ�ϩΎϳϣϟ�ΔϔϳέόΗ�ϲϓ�έυϧϟ�ΓΩΎϋ·�ϲϐΑϧϳ�ˬ 

 

ϲΣλϟ�ϑέλϟ�Δϣϼγ�ρρΧ 

�Δϣϼγ�ρρΧ�ϊοϭϟ�ϲγγ΅ϣ�έΎρ·�ΩΎϣΗϋϭ�έϳϭρΗ
�ρρΧϟ�ϩΫϬ˰ϟ�ϕΣϼϟ�ΫϳϔϧΗϟϭ�ϲΣλϟ�ϑέλϟ

ΔϳΎϣϟ�ΕΎόϣΟΗϟ�ϕρΎϧϣϟ �ΉΩΎΑϣϟ�Ύ�Ϙϓϭ�ΔϔϠΗΧϣϟ�ΓέΩ·
��ΔϠϣΎϛΗϣϟ�ϩΎϳϣϟ�έΩΎλϣIWRM�ϲϓ�ΔϧϳΑϣϟϭ��

��ϩΎϳϣϠϟ�Δϳϧρϭϟ�ΔϳΟϳΗέΗγϻ2025-2016�Ωϧϋϭ�ˬ�
ϳϭρΗϼγϟ�ρρΧ�έ�ΏΟϳ�ϲΣλϟ�ϑέλϠϟ�Δϣ�ΫΧ
�ϲϠϳΎϣ�ϭ�ˬΔϳϋέίϟ�ΕϼΧΩϣϟ�ϊϳϣΟ��έΎΑΗϋϻ�ϥϳόΑ

�ϥϣ�ϲΗϟ�ΔϳΑΎϗέϟ�Ε˯έΟϹ�ϭ�έρΎΧϣϟ�ΕΎϳϭϟϭ
�ΎγΎγ�ΞϬϧϟ�Ϋϫ�ϥϭϛϳγ��έρΎΧϣϟ�ϥϣ�ϝϠϘΗ�ϥ�ΎϬϧ΄η

�ΓΩΎϋ·ϭ�ΔϣΩΎόϟ�ϩΎϳϣϟ�ΔΟϟΎόϣ�ΕΎϳϧϘΗ�ΔϔϠϛΗ�ΩϳΩΣΗϟ
�ϲϓ�ΕέΎϣΛΗγ�έϳϓϭΗ�ϰϟ�ΔϓΎοϹΎΑˬΎϬϣΩΧΗγ

ϣ�έϳϏ�ΕϧΎϛ�ϲΗϟϭ�ˬϲΣλϟ�ϑέλϟ�ϩΎϳϣ�ΔΟϟΎό
�ΩϳϭίΗϭ�ˬϩΎϳϣϟ�έΩΎλϣ�ΙϭϠΗ�ΏΑγΑ�ΎϘΑΎγ�ΔϟΎόϓ

�˯Ώόϟ�ϝϠϘΗγ�ΎϫέϭΩΑ�ϲΗϟ�ΔϳΣλϟ�ΔϳΎϋέϟ�ΕΎϣΩΧ
ϩΎϳϣϟ�ΔρϠγ�ϰϠϋ�ϲϟΎΣϟ �ϭοϋ�ϝϛ�ϥ�ϥϣοϳϭ

ϪϣΎϬϣ�ϥϋ�ϝϭ΅γϣ ��ϧϭϧΎϗ�ΓΩΩΣϣϟϳ�Ύ 

 

Γ΄ϣΣϟ�Δϳϣϫ 

ϟ�Ωϭϣϟ�ΓέΩ·�Δϳϣϫ�ΔϳϧΩέϷ�ΔϣϭϛΣϟ�ϙέΩΗ�ΔΑϠλ
�ΞϣέΑϟ�ϲϓ�έΎϣΛΗγϻ��ϻϭ�ΏΟϳ�ˬ��Γ΄ϣΣϟ��ΔϳϭϳΣϟ

�ϰϠϋ�ˬϝϣΎϛϟΎΑ�ϡΩΧΗγϻ�ΓΩΎϋ·�Ωϭϓ�έϬυ�Η�ϲΗϟ
�έρΧ�ϝϛηΗ�ϻ�ϲΗϟ�ΕΎϘϳΑρΗϟ�ϲϓ�ϝΎΛϣϟ�ϝϳΑγ

�ϭ�ΓέϭϫΩΗϣϟ�ΔΑέΗϟ�ΓΩΎόΗγ�ϝΛϣ�ϥΎϛγϟ�ϰϠϋ�ΎϳΣλ
�έϳΟηΗϠϟ�ΔΣϟΎϣϟ 

�ϲΣλϟ�ϑέλϟ�ϩΎϳϣ�ϥϣ�Ωέϭϣϟ�ΩΩέΗγ�ϝΟ�ϥϣ
ϟόϣϱέΩϟ� ΩΎλΗϗϻ� ϕΎϳγ� ϲϓ� ΔΟϟΎ�ϝΩΎΑΗ� ϲϐΑϧϳ� ˬ

�ϡϟΎόϟ�˯ΎΣϧ�ϊϳϣΟ�ϥϣ�Δϳϧϔϟ�ΔϳέΩϟϭ�ΔϳϣϠόϟ�Δϓέόϣϟ



 
Reuse of Treated Wastewater and Biosolids in Jordan | Nationwide Evaluation 

 
 
 
 

 

 

75 

 

  

έϳϳΎόϣ� ϊοϭϟ �ΓέΩϺϟ� ΓΩϳΩΟ� ΔϳϬϳΟϭΗ� ΉΩΎΑϣ� ϭ
ΑϠλϟ� ΩϭϣϠϟ� ΔϣΩΗγϣϟ�Ύ�Ϙϓϭ� �ϥΩέϷ� ϲϓ� ΔϳϭϳΣϟ� Δ

ϙϟΫϟ�Δϔλϭϣϟ� ϊϣ� ΎϬϘΑΎρΗ� ϥϣ� ϕϘΣΗϟΎΑ� ϰλϭϳ� ˬ
ΔϳϧΩέϻ ϟ� ϡΩΧΗγ� ΓΩΎϋϹ�ΔϳϭϳΣϟ� ΔΑϠλϟ� Ωϭϣ

ΎϬϧϣ�ιϠΧΗϟϭ )1145/2016(. 

ϹΎΑϙϟΫ�ϰϟ·�ΔϓΎο�ΔΑγΎϧϣ�Ε˯έΟ·�ϊοϭ�ϲϐΑϧϳ�ˬ
ΎόϣϟΕΎϧϳόϟ�ΫΧϭ�ˬΓ΄ϣΣϟ�ΔΟϟ �ΕΎϳϧϘΗϟϭ

�ΔΑγΎϧϣ�ΔϳϬϳΟϭΗ�ΉΩΎΑϣ�ϰϟ�ΔϓΎοϹΎΑˬΔϳϠϳϠΣΗϟ
�ΔϳϭϳΣϟ�ΔΑϠλϟ�Ωϭϣϟ�ΓέΩ·�ϥϳγΣΗϟ�ΫΎϔϧϹϭ�ΔΑΎϗέϠϟ

�ϥΩέϷ�ϲϓ 

 

�ϝϭΑϘϟ�ίϳίόΗϲόϣΗΟϣϟ 

�ϲϓΎϘΛϟ�ϝϭΑϘϟ�ϝΟ�ϥϣ�ΔϣΎόϟ�ΔϳϋϭΗϟ�ΞϣέΑ�ΕϠηϓ
ϟ�ϡΩΧΗγ�ΓΩΎϋ·�ΩΑϣϟ�ˬϲϋΎϣΗΟϻϭ�ΔϣΩΎόϟ�ϩΎϳϣ

ϲϟΎΗϟΎΑϭ�˭ΔΟϟΎόϣϟ�έΎϣΛΗγϻ�ΔϣϭϛΣϟ�ϰϠϋ�ϥϳόΗϳ�ˬ
�ΔΟϟΎόϣ�ϰϠϋ�ίϛέΗ�ϲΗϟ�ΔϣΎόϟ�ΔϳϋϭΗϟ�ΞϣέΑ�ϲϓ
�ϊϳϣΟ�ϰϠϋ�ΏΟϳ��ΎϬϣΩΧΗγ�ΓΩΎϋ·ϭ�ΔϣΩΎόϟ�ϩΎϳϣϟ

ΔΣϠλϣϟ�ΏΎΣλ �ϲϓ�ΔϳΩΑϟ�Ϋϧϣ�ΔϛέΎηϣϟ�ϥϳϳϧόϣϟ
��ϝϭΑϘϟ�ϯΩϣ�ϊϓέϟ�ϡΩΧΗγϻ�ΓΩΎϋ·�ϊϳέΎηϣ�ΫϳϔϧΗ
�ΔϣϼγϠϟ�ΔϟΎόϓ�έϳΑΩΗ�ΩϭΟϭ�Γέϭέο�ϰϟ·�ΔϓΎοϹΎΑ

�ΓΩΎϋΈΑ�ΓέΩΎΑϣ�ϱϹϻ�Δϳϋϭϧ�ΔΑϗέϣ�ΎϬϧϣϭ�ϡΩΧΗγ
�έϳΑΩΗϟ�ΫΎΧΗϭ�ϱέϭΩ�ϝϛηΑ�ΔΣϠλΗγϣϟ�ϩΎϳϣϟ

ΑΎϗέϟϳ�ϰϠϋ�ΔϳΑϠγϟ�έΎΛϵ�ϊϧϣϟ�Δϣίϼϟ�Δ�ϭ�ΔϳΑϟ

Ύϣϛ�ΔγέΩϟ�ϝϼΧ�ϥϣ�ϥϳΑΗϭ��ΔϣΎόϟ�ΔΣλϟ �ϭϫ
ϲϧΎΛϟ�ϝλϔϟ�ϲϓ�οϭϣ�ΔϳϟΎΣϟ�ΔΑϗέϣϟ�ΕΎϳϟ�ϥˬ

ΕΎρΣϣ�ϲϓ Δϳίϛέϣϟ�ΔϣΩΎόϟ�ϩΎϳϣϟ�ΔΟϟΎόϣ�ϻ�ˬ
�ˬϝΎόϓ�ϝϛηΑ�ϝϣόΗϓ�Ϋϟϭ�ϲϟϭΣ�ϥΈ40�ϥϣ�̃

�ϕϘΣΗ�ϻ�ϲΣλϟ�ϑέλϟ�ϩΎϳϣ�ΔΟϟΎόϣ�ΕΎρΣϣ
�ϭ�ϱέϟ��ϡΩΧΗγϻ�ΓΩΎϋ·έϳϳΎόϣ�ϲϓ�ϑϳέλΗϟ

�ϲϓ�ΓΩΩΣϣϟ��ΔϳΎϣϟ�ΕΎΣργϣϟϭ�ϥΎϳΩϭϟϭ�ϝϭΩΟϟ
��ΔϳγΎϳϘϟ�Δϔλϭϣϟ893/2006 .( 

 

�ΔϳϣϧΗϟ�ϑΩϫ�ϥϣ�αΩΎγϟ�ϑΩϬϟ�ϕϳϘΣΗ
ΔϣΩΗγϣϟ )SDG 6( 

�ΔγέΩϟ�ϩΫϫ�ϲϓ�ΓΩέϭϟ�ΕΎϳλϭΗϟ�ϥ�οϭϟ�ϥϣ
�ϥϣ�αΩΎγϟ�ϑΩϬϟ�ϕϳϘΣΗ�ϰϠϋ�ϥΩέϷ�ΩϋΎγΗγ

ϟ�ˬΔϣΩΗγϣϟ�ΔϳϣϧΗϟ�ϑΩϫ�ϡϣϷ�ΎϬΗΟέΩ�ϲΗ
�ϕϳέρ�ϥϋ�ϩΎϳϣϟ�Δϳϋϭϧ�ϥϳγΣΗ�ϰϟ·�ϑΩϬϳϭ�ˬΓΩΣΗϣϟ

�έϳϏ�ϑϳέλΗϟ�ϰϠϋ�˯ΎοϘϟϭ�ˬΙϭϠΗϟ�ϥϣ�ΩΣϟ
�ΔϣΩΎόϟ�ϩΎϳϣϟ�ΔΑγϧ�νϔΧϭ�ˬΔϣΩΎόϟ�ϩΎϳϣϠϟ�ϲϧϭϧΎϘϟ
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9. Definitions and Terminology 
Biosolids 
Sewage sludge which has been adequately treated (sludge stabilization) and processed which can be 

utilized as fertilizer to improve and maintain productive soils and stimulate plant growth (WWAP, 2017). 

Centralized Wastewater Treatment Plant (CWWTP) 
Managed systems consisting of a collection of sewers and a single treatment plant used to collect and 

treat wastewater from specific service areas (WWAP, 2017). 

Circular economy 
An economy which balances economic development with environmental and resource protection. It 

places emphasis on the most efficient use and recycling of resources, and environmental protection. A 

circular economy features a low consumption of energy and other resources, low emission of pollutants, 

minimum waste production and high efficiency. It involves applying a cleaner production in companies, 

as well as eco-industrial park development and integrated resource-based planning for development in 
industry, agriculture and urban areas (WWAP, 2017). 

Decentralized Wastewater Treatment Plant (DWWTP) 
Decentralised wastewater systems collect, treat, and reuse or dispose of wastewater at or near its point 

of generation. With reference to the Jordanian Decentralized Wastewater Management Policy (MWI, 

2016b), decentralized wastewater treatment systems are defined as follows: “Domestic wastewater 
treatment plants for small residential groups with a design capacity below 5.000 Population Equivalent” 

Direct reuse 
Reuse schemes when TWW is used for agricultural irrigation without blending it with other water sources. 

Disinfection 
Removal and inactivation of harmful microorganisms to raise the quality of the TWW before irrigation 

(ISO 16075-1, 2015). 

Domestic wastewater 
Composed of blackwater, greywater and potentially other types of wastewater derived from household 

activities and residential settlements (WWAP, 2017). 

Fodder crops 
Crops not for human consumption such as pastures and forage, fiber, ornamental, seed, forest, and turf 

crops (ISO 16075-1, 2015). 

Greywater 
Wastewater generated from a washing machine, bathtub, shower or bathroom sink, collected separately 

from a domestic wastewater flow. It does not include wastewater from toilets (WWAP, 2017). 

Indirect reuse 
Reuse schemes when TWW is used for agricultural irrigation after blending with other water sources 

(mainly surface water). 
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Primary treatment 
Removal of a portion of the suspended solids and organic matter from raw wastewater (WWAP, 2017). 

Reclaimed water 
Treated wastewater that can be reused under controlled conditions for beneficial purposes (WWAP, 

2017). 

Restricted irrigation 
Use of reclaimed water for non-potable applications in settings where public access is controlled or 

restricted by physical or institutional barriers (ISO 16075-1, 2015). JS 893/2006 must be applied and 

TWW quality should meet JS 893/2006 in order to be used for irrigation in agriculture. 

Secondary treatment 
Removal of biodegradable organic matter (in solution or suspension), suspended solids, and nutrients 

(nitrogen, phosphorus, or both) (WWAP, 2017). 

Sewage 
Wastewater and excrement (blackwater) conveyed in sewers (WWAP, 2017). 

Sludge 
The nutrient-rich organic materials resulting from the treatment of domestic sewage in a wastewater 

treatment facility (WWAP, 2017). 

Tertiary treatment 
Removal of residual suspended solids (after secondary treatment), further nutrient removal and 

disinfection (WWAP, 2017). 

Treated wastewater 
Wastewater which has undergone any kind of primary, secondary and possibly tertiary treatment (DWA, 

2019). 

Unrestricted irrigation 
Use of reclaimed water for non-potable applications in settings where public access is not restricted (ISO 

16075-1, 2015). Blended water (TWW mixed with rainwater/ freshwater) must meet the Irrigation Water 
Quality Guidelines (JS 1766:2014) in Jordan. 

Water reuse 
Use of reclaimed water under controlled conditions for beneficial purposes, such as agricultural or 

landscape irrigation etc.; synonymous to water reclamation (ISO 16075-1, 2015). 

Wastewater management 
Includes the prevention or reduction of pollution at the source , the collection and removal of contaminant 

from wastewater streams, and the beneficial use and/or disposal of treated wastewater and its by-
products (WWAP, 2017). 

Wastewater Treatment Plant (WWTP) 
Facility designed to treat wastewater by a combination of physical (mechanical) unit operations and 

chemical and biological processes, for the purpose of reducing the organic and inorganic contaminants 

in the wastewater (ISO 16075-1, 2015). 
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11. Annexes 
11.1 Quantities of treated wastewater produced by CWWTPs in 

Jordan 

 
Annex Figure 1 Average quantity of treated wastewater produced by centralized wastewater treatment 
plants in the Northern Governorates.  
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Annex Figure 2 Average quantity of treated wastewater produced by centralized wastewater treatment 
plants in the Middle Governorates.  
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Annex Figure 3 Average quantity of treated wastewater produced by centralized wastewater treatment 
plants in the Southern Governorates.  



 
Reuse of Treated Wastewater and Biosolids in Jordan | Nationwide Evaluation 

 
 
 
 

 

 

88 

 

11.2 Total area of land irrigated with wastewater from CWWTPs 

 
Annex Figure 4 Total area of land irrigated with treated wastewater from centralized wastewater 
treatment plants in the Northern Governorates. 
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Annex Figure 5 Total area of land irrigated with treated wastewater from centralized wastewater 
treatment plants in the Middle Governorates.  
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Annex Figure 6 Total area of land irrigated with treated wastewater from centralized wastewater 
treatment plants in the Southern Governorates. 
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