
       
 
 
 
 
 
 
   

Sustainable Development of Drylands in Asia and 
the Middle East Project 

 
 

Jordan Component 

 
   

Environmental Laboratories Assessment Study  
 
                    Part I 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

By Dima Kayed, Charles Gerba, and Robert Freitas  
 
 
 



    Table of Contents 
 
 
 
I. Introduction………………………………………………………..   2 
  USAID-Amman………………………………...................   2 
  Badia Research and Development Programme……………   2 
  University of Jordan……………………………………….   3 
II.  Historical Background……………………………………………..   3 
III.  Environmental Research Center (ERC) at the Royal Scientific    
      Society………………………………………………………….   3 
  Suggestions by Dr. Hayek…………………………………   4 
  Remarks……………………………………………………   5 
IV. Water and Environment Research and Study Center (WERSC) 
       At the University of Jordan…………………………………….   5 
  Remarks……………………………………………………   6 
V. The National Center for Agricultural Research and Technology 
       Transfer (NCARTT) at Baqa’s, Northern Amman…………….   6 
  Remarks……………………………………………………   8 
VI. Preliminary Conclusions…………………………………………..   8 
 
V. Appendix A: 
      a. Equipment Inventory List at the Environmental Research Center   
         (ERC) at the Royal  Scientific Society.     
      b. Methods and Procedures  for Tests at ERC 
      c. Personnel List at ERC.  
      d. Filta-Max, IDEXX system utilized at ERC. 
 
VI. Appendix B:  

a. Types of Chemical and Physical Tests performed at the Water and     
        Environment Research and Study Center (WERSC) at the University of    
        Jordan. 

b. Types of Biological Tests performed at WERSC. 
 
 
 
NOTE:  
Appendices and supporting materials will be available at OALS-IALC offices. Please 
contact Bob Freitas or Esther Miklofsky.  
 
 

Sustainable Development of Drylands Project 
IALC Implemented 

USAID Funded 

 1



 
I. Introduction
 

On assignment from the IALC Sustainable Development of Drylands Project, Ms. 
Dima Kayed, PhD candidate in microbiology, was able to contact a number of 
individuals and visit three key laboratories in Jordan that may be involved in work related 
to wastewater and bio-solids sample analysis. Ms. Kayed’s primary objectives were to 
make contact with the various administrators and faculty that may be involved with the 
IALC Project and visit the various laboratories to assess their capabilities.  

 
The assessment study entailed determining the instrumentation available in each 

laboratory, the types of analysis performed versus what is needed in terms of wastewater 
and bio-solids analysis.  Additionally, the visits allowed Ms. Kayed to become 
acquainted with the personnel working in the laboratories, their educational/training 
levels and what additional training may be needed. 

 
USAID-Amman 
 

Dr. Amal Hijazi, the Project Management Specialist and Mission Environment 
Officer, Water Resource and Environment Office, USAID was the first person contacted 
to initiate the study.  During the meeting, it was decided to limit Ms. Kayed’s visit to 
three laboratories due to time constraints. The laboratories selected were located at the 
following institutions: 

   
• the Environmental Research Center (ERC) at the Royal Scientific Society 

(RSS),  
• the Water and Environment Research and Study Center (WERSC) at the 

University of Jordan, and  
• the National Center for Agricultural Research and Technology Transfer 

(NCARTT), at the main headquarters located in the North part of Amman 
in the Baqa’a. 

 
Badia Research and Development Programme 
 

Ms. Kayed met with Mr. Mohammad Shahbaz, Programme Director of the Badia 
Research and Development Programme, in the Higher Council of Science and 
Technology at the Royal Scientific Society.  Various aspects of the project, which 
focused mainly on wastewater re-use, were discussed.  Mr. Shahbaz emphasized the 
importance of setting up models with careful assessment of these models and 
applications. The three pilot studies that were being conducted at Wadi Musa, Jordan 
University of Science and Technology (JUST) and Aqaba sites as a means of introducing 
wastewater re-use were examined.   

 
Additionally, Mr. Shahbaz focused on cultural aspects to consider in the 

application of wastewater re-use and bio-solids as a concept.  A subject of discussion was 
the importance of determining and setting standards, guidelines and specifications for the 
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application of bio-solids.  This will be used  to justify the use of bio-solids to the 
Jordanian government and the Jordanian people. 

 
University of Jordan 
 

Ms. Kayed briefly met with Dr. Muhammad Shatanawi, Professor of Water 
Resources and Irrigation and Dean at the College of Agriculture at the University of 
Jordan.  He facilitated Ms. Kayed’s visit to the WERSC lab located on the premises of 
the University of Jordan in the College of Agriculture by contacting the center’s director, 
Dr. Manar Fayyad. 

 
 
II. Historical Background
 

The growth in bio-solids production in Jordan is largely due to an increase in 
treated domestic wastewater quantities as a result of the installation of new domestic 
wastewater treatment plants (DWTPs), as well as the upgrades to existing ones. This 
growth creates the need for adoption of economically and environmentally acceptable 
management schemes that take into account the interest in re-use and energy recovery 
possibilities.  

 
In 2001, about 85% of the generated domestic wastewater in Jordan was treated using 
wastewater stabilization ponds (WSP) while the remaining 15% was treated using 
mechanical treatment systems. This has resulted in the accumulation of bio-solids in the 
lagoons, and the concomitant question arose on how to dispose of and re-use the bio-
solids. 
 

 
III. Environmental Research Center at the Royal Scientific Society
 
Contact: Dr. Bassam Hayek, Director 
 

The Environmental Research Center (ERC) was established on September 19, 
1989. ERC provides technical consultations and services and promotes the technological 
change in different environmental areas through its specialized laboratories and services. 
It comprises three divisions/units: Water Quality Studies Division, Air Quality Studies 
Division and Environment Management Studies Division.  The Water Quality Studies 
Division comprises three subunits namely: Water Quality Projects Unit, Microbiological 
Testing Unit and the Chemical Testing Unit. This center is involved in practical applied 
research mainly in water quality and water re- use assessment. The technical services 
provided include water quality analysis, applied research to provide solutions to certain 
problems and bio-solids analysis.  

 
Following the wastewater management policy issued by the Ministry of Water 

and Irrigation (MWI) in 1998, some of the major projects are aimed at expanding and 
developing existing WSP and shifting the treatment processes to mechanical.  This shift 
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adds to the excessive amounts of bio-solids already accumulated in the lagoons.  Due to 
these changes, the ERC would become involved in bio-solids analysis and 
characterization. 

 
The ERC started some bio-solids analysis and characterization in 1992 and has 

been involved in routine bio-solids analysis since 2000. Three parameters are used to 
characterize bio-solids: physical, chemical and microbiological. Some of the tests include 
TSS, VS, pH, detection of heavy metals and trace elements and analysis for nematode 
cysts and thermotolerant pathogens.  Once the bio-solids analysis and characterization is 
completed, it is hoped the bio-solids may be used as fertilizer and as a soil conditioner. 

 
Ms. Kayed visited the four main laboratories at the ERC.  The inorganic lab is 

new and is in the process of beginning to run sample tests. Some of the equipment noted 
there were an ICP-MS, a Mercury analyzer, and a Fluorescent microscope (see Appendix 
Aa  for list of equipment).  I visited two labs which analyze food, wastewater and sludge 
samples. One of these two labs conducts basic tests, wet chemistry and the second lab 
screens samples for organics.  These two labs are termed water lab 1 and water lab 2 
respectively.  Some of the equipment found in these labs includes a GC, HPLC, AA, 
polarograph, spectrofluorometer, rotary evaporator, mechanical shaker and hot plates (see 
Appendix Aa).  The fourth laboratory visited was the microbiology lab.  Dr. Hussein 
Khleifat is the Laboratory Head.  It is well equipped with centrifuges, incubators, an 
autoclave, a hood, pH meter, refrigerators, and freezers. 

  
Some of the tests performed at this laboratory include total coliform counts, using 

membrane filtration (MF) and most probable number (MPN), fecal streptococcal counts, 
total heterotrophic bacterial counts, Actinomyctes plate counts, detection and 
enumeration of Fungi and thermotolerant coliform counts (TTCC) to name a few (see 
Appendix Ab).  Very little work has been done with the parasites Giardia and 
Cryptosporidium, however the Filta-Max system/Dynabeads for their detection is used at 
this center (See Appendix Ad).    

 
There are about 15-20 personnel at ERC mainly with a Masters degree. A list of 

personnel, laboratory equipment and tests performed is found in Appendix Ac.  Also 
collected were a number of brochures.  A number of pictures were taken of the various 
instruments at the different laboratories.  The ERC is accredited and certified by ISO 
9001, which was renewed in 1998, as well as by Lloyds Registry for Quality Assurance, 
LRQA.  It is worth noting that the ERC at the Royal Scientific Society is the center, 
which provides consultations and resources in Jordan and the Middle East and is the only 
center of its kind in the Middle East. 
 
Suggestions by Dr. Hayek: 
 

Dr. Hayek had a few suggestions on what type of feedback he would like from 
IALC.  He would like to learn of any new technologies for soil testing and would like to 
partake in some type of specialized training to enhance the available capabilities of the 
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personnel at the Center.  He believes that these consultations and advice would be very 
helpful. 

 
Dr. Hayek’s team at ERC is ready to start on the bio-solids characterization study 

as soon as possible and is very enthused about the project.  Some of his questions were as 
follows:   

• Is there a deadline for finances to be allocated?   
• Are there any restrictions on funding for 2003?  
• Dr. Hayek may need to request an extension on the first phase of the study 

and wanted to know if this possible? 
 
Remarks: 
 

Ms. Kayed’s visit to the ERC was very informative and positive.  The laboratories 
are well equipped with trained personnel.  At present, the center is mainly focused on the 
characterization and analysis of bio-solids as it relates to this part of its proposed project.  
They have experience in bio-solids analysis but may require updates on new technologies 
or methodologies.  The center does not appear to be equipped to run viral analysis.  Viral 
analysis may be an appropriate focus for training or workshops from the IALC Project. 
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IV. Water and Environment Research and Study Center (WERSC) at 
the University of Jordan

 
Contact: Dr. Manar Fayyad, Director 
 

The Water and Environment Research and Study Center (WERSC) was 
established as a research unit in 1982.  The center plays a leading role in developing and 
implementing national plans to develop and manage Jordan’s water resources.  Its 
activities are directed towards irrigation management, treated wastewater re-use in 
irrigation, water hydrology, water conservation in arid areas, water quality, water 
harvesting and artificial recharge.  Some of the objectives of the center are: 

 
(1) Conducting scientific research related to protecting and managing 

water resources and protecting the environment, subject to the 
conditions in Jordan, 

(2) Knowledge and technology transfer in addition to providing technical 
consultation to the local community in areas related to the 
environment and water, and  

(3) Identifying and analyzing problems related to water and the 
environment in Jordan for the purpose of finding solutions. 

 
The WERSC is a research facility and provides services for analysis of drinking 

water and wastewater.  Ms. Kayed was able to visit three laboratories at the center.  The 
laboratory, which involves tests on wastewater, was on the top floor of the facility and 
isolated.  The drinking water laboratory was separate and well equipped with HPLC, GC 
and AA. This was also called the wet lab where basic chemical tests were conducted. 

 
The microbiology lab was well equipped.  Most of the microbiological testing has 

focused on testing for total and fecal coliforms, nematodes, E. coli using the colilert 
system as well as algae identification and chlorophyll a detection.  A list of laboratory 
equipment and chemical, physical and biological tests performed is found in Appendix B, 
a and b.  A brochure and pictures of the various equipment are available. 

 
 Due to time constraints, Ms Kayed was unable to meet all the personnel working 

at the center, but did meet four or five students who work and are fulfilling requirements 
for a graduate degree. 
 
Remarks: 
 
 The center is well equipped with instruments and personnel.  It is somewhat 
familiar with collecting water samples for viral analysis namely collection and 
concentration.  The center does not appear to have knowledge or experience screening 
water samples for viral analysis utilizing cell culture lines or molecular methodologies.  
The center is also limited in its capabilities for analyzing water samples for pathogens.  
As of yet, no samples have ever been screened for the parasites Giardia and 
Cryptosporidium.  To summarize, the WERSC, while capable in many aspects of sample 
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analysis, does have some deficiencies in its capabilities to analyze water samples for 
viruses, parasites, and bacterial pathogens.  These deficiencies may need to be addressed 
through future workshops and training visits by the IALC project. 
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V. The National Center for Agricultural Research and Technology 

Transfer (NCARTT) at Baqa’a, Northern Amman
 
Dr. Abdul-Ghani Fardous, General Manager: 
 

The National Center for Agricultural Research and Technology Transfer 
(NCARTT) began operation in July 1985. The center now operates according to a special 
By-law as a semi-autonomous institution with administrative and financial independence. 
NCARTT consists of a main headquarter located 12km North of Amman at Baqa’a and 
six Regional Centers located in Dier Alla, Ramtha, Khaldeia, Mushaqer, Rabba and 
Shoubak. The center operates 12 research stations representing different agro-ecological 
conditions of the country.  

 
NCARTT is mandated to conduct and/or coordinate applied agricultural research 

and transfer of technology activities at the national level in collaboration with public and 
private agricultural institutions.  NCARTT’s mandate also provides for the identification, 
testing, transfer and adoption of improved technologies. NCARTT receives its core 
funding from the government.  Funding is also received for specific projects from 
national and international institutions.  Some of NCARTT’s responsibilities include: 

  
(1) preparation of agricultural research plans and programs that support 

the objectives of agricultural policy; 
 
(2) development and adaptation of agricultural technology appropriate for 

local conditions and the coordination of agricultural research and 
technology transfer activities;  

 
(3) adoption and transfer of locally developed agricultural technologies 

and it’s dissemination to agents and farmers, a follow-up on their 
adoption by farmers in cooperation with the appropriate organizations 
as well as providing the proper agricultural technical information; 

 
(4) developing  the skills of agricultural specialists and technicians 

through training, specialized courses, conferences and workshops; and 
 

(5) conducting economic studies on farm production systems and 
agricultural projects and the evaluation of  the effects of various 
social, economic and political factors in the agricultural sector. 

 
NCARTT currently has around 600 national permanent full-time staff.   200 are 

scientific and technical graduate staff.  Of these,  165 are full-time researchers and 35 are 
technicians.  The remaining are support staff (clerks, accountants, laborers etc.). The ratio 
of technicians and other support staff to researcher is 2 and 3-4 respectively. About 40% 
of the scientific staff and more than 90% of the PhD holders are concentrated at the main 
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headquarters at Baqa’a, which includes the central offices, laboratories and Agricultural 
Information Library. 

  
NCARTT encompasses various research programs namely: the Rainfed 

Agriculture, Irrigated Agriculture, Plant Genetics Resources unit, Low Rainfall Areas, 
Water Management and the Environment, Technology Transfer, Training and 
Information and Integrated Livestock.  See brochures for details on these programs.  
NCARTT has a 5-year work plan (2001-2005) that covers different aspects of various 
subjects and consists of the following:  

 
(1) Management and the use of conventional and non-conventional water for 

agricultural production.  
(2) Fertigation. 
(3) Agro-biodiversity. 
(4) Olive production improvement. 
(5) Integrated pest management. 
(6) Animal livestock nutrition and alternate fodder crops. 
(7) Promotion of herbal and medicinal plants. 

 
 
 
The NCARTT laboratories perform various tests which include: 
 

• Chemical and physical analysis of soil and plant tissue as requested by the 
researchers. 

• Soil, water and plant tests requested by farmers and the private sector. 
• Different tests for imported organic fertilizers as required by law. 
• Diagnostic tests for different plant diseases, viruses etc. 

 
During Ms. Kayed’s brief visit to NCARTT (by far the largest facility of the three 

visited in Jordan) she was able to visit (walk-through) 4 laboratories.  However, as it was 
towards the end of the day, many of the staff/technicians had gone for the day.   Among 
the labs visited, was the laboratory which is involved in screening plants for diseases, 
mainly viruses. The laboratory is equipped with an ELISA reader as an initial screening 
tool followed by serological methodologies to determine the type of virus.  The 
microbiology laboratory was equipped with incubators, refrigerators, hoods, centrifuges 
to name a few.  This lab conducts analysis of soil and water samples. The major tests 
performed are total suspended solids (TSS), Biological Oxygen Demand (BOD), 
chemical oxygen demand and fecal coliforms.  The two remaining laboratories, the 
fertilizer and soils labs mainly screen fertilizers and soil samples for heavy metals. 
Samples are assayed using the Atomic Absorption (AA) apparatus. 
 
Remarks: 
 

This facility is mainly a research facility and also provides services to farmers and 
the private sector. It may have a role performing analysis of samples from a project 
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concerning land application of the bio-solids following characterization. It could play a 
role in analyzing the bio-solids.  It may also play a role in helping to provide criteria and 
guidelines for land application of the bio-solids as well as follow-up studies post-
applications. 

 
Ms. Kayed’s visit to NCARTT was brief and arranged with little advance notice  

due to time constraints. As such, she was not able to obtain a list of equipment, personnel 
or tests performed from the four laboratories visited, however she was able to obtain a 
number of brochures on the center that may prove helpful. 
 
 

                                              
 
 
 
VI. Preliminary Conclusions 
 

Ms. Kayed’s impression of the three laboratory’s capabilities, the Environmental 
Research Center (ERC) at RSS, the Water and Environment Research and Study Center 
(WERSC) at the University of Jordan, and the National Center for Agricultural Research 
and Technology Transfer (NCARTT) main headquarters, was very positive. All were 
very well equipped with instruments and are capable of conducting a vast array of 
chemical and biological tests. 

  
Ms. Kayed observed that the laboratories are well staffed and equipped and the 

personnel well trained.   Also, it was noted that each of the teams at the various centers 
are very enthusiastic about the IALC Project and hope to establish a cooperative 
relationship. 

   
Regarding the relative strengths of the laboratories, it appears at this time that the 

ERC laboratories may play a major role in bio-solids characterization and analysis, 
whereas the WERSC may play a more major role in wastewater analysis.  It was Ms. 
Kayed’s impression that NCARTT will play a more prominent role in the land 
application of bio-solids and resulting follow-on work. It will also be a major resource 
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consulting center for farmers and the private sector on various issues, such as cropping 
patterns. 

 
The three laboratories Ms Kayed visited appear to be deficient in the ability to 

perform viral analyses of water, wastewater and bio-solids.  Additionally, detection of the 
more harmful pathogens is limited for the sample types expected to be performed for 
wastewater and bio-solids.  Finally, capabilities in the detection of endocrine disruptors 
were not apparent. 
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