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l. 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:

e the Environmental Research Center (ERC) at the Royal Scientific Society
(RSS),

e 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 Baga’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 Agaba 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



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.

1. 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.

I11. 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 (MWI1) in 1998, some of the major projects are aimed at expanding and
developing existing WSP and shifting the treatment processes to mechanical. This shift



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). | 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. Itis 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



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:

e Isthere a deadline for finances to be allocated?

e Are there any restrictions on funding for 2003?

e 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,
aand 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



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 Technoloqgy

Transfer (NCARTT) at Baga’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 Baga’a and
six Regional Centers located in Dier Alla, Ramtha, Khaldeia, Mushager, 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)

)

©)

(4)

()

preparation of agricultural research plans and programs that support
the objectives of agricultural policy;

development and adaptation of agricultural technology appropriate for
local conditions and the coordination of agricultural research and
technology transfer activities;

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;

developing the skills of agricultural specialists and technicians
through training, specialized courses, conferences and workshops; and

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 Baga’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:

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

e Soil, water and plant tests requested by farmers and the private sector.

e Different tests for imported organic fertilizers as required by law.

e 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

13



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.

=
| - = |

NCARTT Equipment

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

14



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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BN eter Tedbiag - Fibis-Ban - Ilattic Page sepnwyg it wwrn ens oom WoaierProdase peod el T8 16

‘Rﬂ.\'lﬂ. SCIENTIFIC SOCIETY LA okl el

.;I-"I"I' Fepdliech  Saarch
[ _Proouct Qvervow | -
P Filta-Max

Catiat-18 Banelites s | Soieneats, AL T MEm IFo BT AL B s
Codnw I

A Filta-Max—World Leader for the Capture
SemPleds for HAC and Recovery of Cryptosporidium and
Cunnb- Trag Giardia

Filla-iday

AdLaddoriey Fila-Mazx 18 the worid's ieading

lechnology for the capbure and reoovany
of Crypraspondium and Gamiin. Tha
sysbern was develaped and B
maridaciured by Genera Technologles,
Lid., which was scduired by IDEXX in
August 2000

r Conuact Uy i Oedenng

Fita-Max s tha only US EPA-approwved
caplure concentration system thal can
sample B contirous fiow of 50 Mems of
ew water, Oher approved tests can
sample only 1 1o 10 lers at 8 fme
Filli-Max hah basd vabdatod bos
high-yohame finishad water—up 1o 1,000
Iitars at @ lima

+ US EPA Mahod 1823-approvied
& UK DWl-appronaed

spacifications.
* Patent Information

35



ITHEXX, W mier Teuling - Fllm-blax - Hiss Pags e v VO hnpo e, e com W snen¥rodects 'pood cBn D= i
nbval sCEENTIFIC SOCIETY L Rt Lok
How to Use Filta-Max

Stap 1.
Placs the filler mocuile i e Fer
hauising

Stap 2.

Connact tha filter housing o the
il waber source far
sampling

Stap 3.
Atach B e module b e
wash station plungar head

Stap 4.
Wash Ihe sampls with slution
barffer

Step 5.
Concentrate.

&% Step 8.
Rapaat Staps 4 and 8 1o
concenirals the fnal samgle 1o 25
mil.
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Dynabeads"” anti-Cryptosporidium

- for a simple, rapid and reliable isolation procedure

"IDYNAL

Tl Miermnnive Cilie ia At tinfrodingy
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What |s IMS?

Thi detection of
Cryplosporidium oacysis B a
vary expansive, timae-
cansuming and labour
mlansive process, In addition,
recovery and reproducibility is
inadequata

Dymal®, ihe invantor and workd
leadar of IMS, pow troduces
Dynabeads™ for the isolation of
Cryplospondium, This
mnovative technlque groally
Improves oocyst recovery and
significantly reduces oparmator
hands-on tme, as well as foial
tasl firmia,

Thi IMS technology I8 based
on superpammagneis
microspheres cafled
Dynabasds®. Dynabeacds®
ani-Cryptasparidium ara
coated with spocilic antibodies
directed against key tanget
anfigena af Cryplasoanidiem
oocysts. [MS |s an effective
replacement for cumbarsomne
and mefticien! mellods liks
Hoatation purification and has
many benekis ovor
convenfional iechmques

Thia IMS fachnique is simpde.
Minimg thé sample concendribi
wilh Dynabeads® antl:
Cryplosporidiem enables fhe
lormatian of Cynabeads®-
Cocyst complexas. Applcation
ol & magnetc leld using 8
magnelic est b holter
\Dynal MPC) afies the
salectve capiiite amnd isalation
o the complaxes from ihe
sample cancantrale. The
oocysis are dissociated from
Dymabeads® by @ simple pH
alleralion. The purified aocysis
ang than meady for delection,

ImmunoMagnetic Separatis

Benefits

* Improved cocys! recovery.
# Simple procedure.

* Reduced background debris alds detection by
microscopy.

* One clean 8-10 mm slide well per sample.

® Saves up (o & hours hands on processing time.

Sensitivity

The senailivity ol (his lechniqus is very high, and as lew as
1 oocyst £ 10 il watar concentrate can b olted for subsequert
detection. Qocys! recovery above 0% is froquently ohserved.

One clean slide well per sample

%%

%e% [l ®e%
%o% [l %%

iy cowvemlindl Ao bechmigines. ihe flmal pupsriloe G
murmmropical b way reginde 12 allale wiells or v sl o i e
semitidrrafle Sackgrommd debris. Wivy Drvabrads™® sanmd-Crimaotme sdiss
ahe S auipseriany v saicmsvopiond andvis reguires omly one wedl und
whe B kgrmaed delvid i L TR
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A comparison of results

A sfrenking naierr sample proveped v smwe saompils provessed wong
Iy 1he ¢ Wi e Irymibeads® aan. Crme i
Techmigar. Mold TF Sarkgroeal Maste thie woloriy of the ooyt with
clebris wiltich s hawper . eatwerad background debires
uleniiffoation i

ﬁflS) of Cryptosporidium

..+ The Procedure

Oocysl capture

1. Add Oynabeads® anti-Crypiosporidium and SL™-butter io
10 ml waber sampls concantrate,

2. AMix lubas 10 8 mlary mixer and mix samples for 1 hour,
Dewing this time Dyrnabeads® anti-Cryplosporidium will

capiure the Docysis,

IMS

3. Place tubes In & Dynal MPC™-1, Oocysis bound fo
Dynabeads® ani-Cryplospornaium will migrale fo ihe fube
wall in comtact with the magnet

4. Ramove and discard suparnatant. Cynabesds® bound
aocysie aqe retained on the fube wall in comtact with the

magnet

Dissociation

5. Transter Dynaboaads®-bound oocysts 10 & microcentriiugs
fube and plece the tubes in the Dynal MBCRM

&. Remove and decard supematan

7. Add acid and vortex. Lel stand for 5 minuies. This will
dissociate Dynabsads® from oocysis

8. Remove Dynabeads® om disscciated cocysis uaing the
Dynal MPCM

2, Transher supernatan comtalning the released oocysts onio
a slide wall containeng neutralizing alicall,

70 minutes

5 minutas

I
I

15 minules

=1
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OBDERING INFORMATION

Product Description Prod. Mo, Volume

D'H'l'l!blldl" antl-Cryptoaporidivm ikt 730.01 10 Tesis

For isclation of Cryptéspondium oocysis. incluoes
1 mi Dynabeads® ant-Cryplosparidium ond SL™-buler.

Dynal MPC*1 120.01 Unit

Magnetic test fuba haldar that sccommodates 1 x 10 mi fubse,

Dynal MPC™-M . 120.09 it

Meagmnais ksl ube holder that sccommaodates
O 1015 mi microcenirituge tubss

Dynaf MX1 158.07 Unit

Sumple mooar for § % 10 mi lubos.
DOy nal Slmpli Mixer MT.m Linit

US warmon.
110V bi-tirsetional sampha miser ige 12 % 10 mi lubes,

Dynai® L10 tubes T40.03 5 Tubas

Feusable flassided tubes for oplimal magnetc concemraion,

ODYNAL

T Altermadive Cilture L .‘-f'l'l'l'd'rmﬂg3|

-

CFYPRAL. A8, P ess 11 w0172 ks Mo Tt ] 3000 (MU, P 1 200 30 1 Bl el il o, | i g sl

STV N L TR KL TR S WAL LK WAL IR AT
Bt 11 b 5 Py B Nestisoi i 50 8 e il P P T (LI T
B ¥ilis by Y ] [ Ty — [Py —— 4
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Types of Chemical and Physical tests performed ai the WERSC,

Na Test Apparatos
L. | Electrooal comhactivity {EC) EC meter
1. | pH-Value (pH} pH meter
3. | Dressebve sxvgen (DO) M) mater
d, | Temperatuse (C") Temperature meter
5. | Color Spoctraphotametet
6. | Turbudity —— Spectrophotometer
9. | Total desclve salid (TDS) Balance & Oven
8. | Total suspended salid iTS5) Hatance & {ven
9. | Colium (Ca) Capillary lon AmalyzerCLA) - Atomic absorptiontAA}
10, | Magnesium (Mg) Cugllary Ton Analyzer(CIA) - Alome absorpuon{ AAN
| 1L, | Sodium (Na} _ | Flams photomneier- Abamic absorption (AA)
12, | Potassism (K) Flam photometes- Atome absorpoion {AA)
13, | Lithmm {Li) Flame photometer- Aomic absorpeion [AA)
14, | Chloride (C Capillary loo Anslyrer {CLA}Eion
15, | Becarbonate (HCO5) Capillary lon Analyees (C1A)-titration
16, | Subfate (S0g) Spoctrophotometer-Capallary Fon Anabeoer (CIA)
17, | Nurate (NO3) Spectrophotometer-Capillary bos Anabvrer (C1A)
| 18, | Matsite (NO3) Spectrophotometer-Capillary boa Anabyveer (CIA)
19, | Cosbonate (CO05) Capillary lon Analyieer (C1AHtIton
20, | Bromede (Br) lon salective electrods-Capillary lon Analyzer (CIA) ’
21. | Fluonde (F} lon selective eloctrode-Capillary lom Analyzer (TLA)
12 | lodude (I} lion sckotive clectrode-Capillary lon Analyzee (CIA)
23, | Phosphate [Fiy) Spocropbotomecter-Capillary fos Anabyesr (CIA)
24, | Tatal phosphate [TPO) Spmm‘-ﬂlﬁlll!hm (C1A)
15, | Total nitrogen (TH}
| 26, | Ammona (NHg) Spnin:phmun‘-t'_lp-lﬂm lon Anabyzer (CIA)
17, | Cyamide (CN) Ioa seloctive clectrode-Cagnllary lon Anabyecr (CIA)
18, | Hexwy metals Atemac absorption (AA - Polsnography
29, | Biolapeal oxygen demand (BOD) | BOD
30, | Chemacal oxygen demand (COD) | COD digester
31, | Phenaols Spestrophotometer
| 32. | O and Greass Balance
33, | MBAS (Detergenis) - | Spectrophatometer-Cagillary lon Analyzer (CIA)
34, | Chioroxming Fhigh Pressure Ligusd Chronstography (HI'LC)
35, | Total rganic casbend TOC) TOMC aalvaes
36, | Orgamac Coostituenls Gas chromatograpby(GC)-High Prossare Ligusd Chromatograghy (HPLC)
37, | Haloalkanes arommtic Gias chromatography(GCh-High Pressare Ligud Chonatogaply (HPLCY
34. | Hydrocarhan Gias chromatography (GC)-High Pressare Laquid Cheonaigrapty (HPLC)
39, | Pessicides Gas chrommtography (GG )-Flugh B Liyuid Chaoreaiography (HPLL)
40, | Dranfication {Gaa chromatography (GC)-High Pressure Ligad Chromatography (HPFLC)

WERSC ~ O Hlprar At '
Hetes o+ o L

L'Ir&i;'éj .J’fcté;‘ /%/‘;&AM%
L) by foo Mk Grebigic ~ppeite
Lk ttro /b amtyis Werdss 1n S fah

— Sy  fak L. g e
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b
Types of Biclogical tests performed at the WERSC.

M Test Apparslis
1. Toual Coliform , Fecal Coliform Tubes , Filiration unit | Autoclave, [ncubator , Lamimnar flow
2, Tirtal Count Peiri dish , Autoclave, Incobator | Laminar Bow
| 3. Chloropihyll a Specitophotometed
4, Algae Identification Microscope
. Mematode Centrifuge & microscope
L. E.Coll Coliliert

{ Analysis are performed sccording to Standard Methods for Exermination of Water & Wastewater,
19th eddition , 1995)

.
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PAMPHLETS COLLECTED AT SITES

Treated Sewage Water Use in Irrigated Agriculture

Mohammed M. Dugqah
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The Hashemite Kingdom of Jordan
Ministry of Agriculture

National Center for Agricultural
Research and Technology Transfer

(NCARTT)

Januwary 2001
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The Hashemite Kingdom of Jordan
MINISTRY OF AGRICULTURE

Natlonal Center for Agricultural
Research and Techmology Transfer
(NCARTT)

3 INTEGRATED LIVESTOCK

Amman 1997
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The Hashemite Kingdom of Jordan
MINISTRY OF ACRICULTURE

National Center for Agricultural
Research and Technology Transfer
(NCARTT)

‘. Low Rainfall Areas
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The Hashemite Kingdom of Jordan
MINISTRY OF AGRICULTURE

National mc:mfor Agricultural
Research m'l'echmlﬁgy “Transfer

I 'RAINFED AGRICULTURE
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The Hashemite Kingdom of Jordan

MINISTRY OF AGRICULTURE

National Center for Agricultural
Research and Technology Transfer
INCARTT)

s PLANT GENETIC RESOURCES

Amman 1997
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The Hashemite Kingdom of Jordan
Ministry of Agriculture

[ PLANT GENETIC RESOURCES Unit

(NCARTT)
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The Hashemite Kingdom of Jordan

MINISTRY OF AGRICULTURE

National Center for Agricultural
Research and Technology Transfer
(NCARTT)

z IRRIGATED AGRICULTURE

Amman 1997
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The Hashemite Kingdom of Jordan

Ministry of Agriculture

RAINFED AGRICULTURE
Research Program

January 2001
X ai
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Improve and enhance agricultural production

52



]

C

THE HASHEMITE KINGDOM OF
JORDAN

Ministry of Agriculture

National Center for Agricultural Research and
Technology Transfer
(NCARTT)

5 Years, Work plan

2001-2005
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Royal Scientific Society
(RSS)

Environmental Research Centre

(ERC)

Leading the Technological Change in
Environmental Management and Protection
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