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Summary of Qualification and Experiences:

Dr Al-Rashdan is holding PhD. in Environmental Sciences and Analysis from C.v.O Oldenburg University in Germany/ Advance treatment of wastewater and animal manure using natural materilas (Thesis title: Investigation of Natural Zeolitic Tuffs on their Ability for Sewage Cleaning Purposes), MSc. in Applied Geology and Environmental Sciences (Thesis title: Treatment of Domestic Wastewater Effluent from Stabilisation Ponds using Jordanian Zeolitic Tuffs) and BSc. in Geology and Environmental Sciences from Yarmouk University in Jordan.

Dr Al-Rashdan is a Principal Environmental Consultant by a well-organized Environmental Consultancy Company in Saudi Arabia since 2005. Responsibilities include, but not limited to, Business Development, Documents Review, Proposal Preparation, Site Reconnaissance, Preparation of Social Impact Matrixes, Consultations with Representatives from Governmental Agencies and Local Societies, Baseline Survey, Environmental and Social Impact Assessment Studies, Environmental Advisor, Environmental review and audit and other related fields
Environmental services provided to both governmental and private sectors, Governmental sector include The General Authority for Meteorology and Environmental Protection, Ministry of Municipality and Rural Affairs, Ministry of Environment, Water and Agriculture. Private sector includes: Oil and Gas, Mining Projects, Infrastructure, Mixed Use Development, Sewage Treatment Plant, Poultry and Animal Farms and other Industrial Sectors.
Dr Al-Rashdan is participated in Business Development, Client Managements, Development of Proposals for Different Projects (Saudi Aramco, Bechtel, Maa’den, etc). He has Very Good Experiences in Site Visits and Reconnaissance, Environmental Sampling and Analysis, Environmental Inspection and Compliance Auditing, Baseline Data and Matrixes Preparation, Social and Environmental Consultations, Environmental and Social Impacts Studies Preparation

Some of the Projects he was worked on were Required Compliance with International Lender Agencies or Regulations (e.g. International Finance Corporation - IFC, World Bank Regulations, Californian Title 22 Requirements, etc..), and Local Regulations (General Environmental Regulations and Rules for Implementation of Saudi Arabia, Wastewater discharge and reuse regulations, etc). Additionally, some of the Projects Required to be in Compliance with the Host Company Regulations and Standards (eg. Saudi Aramco Standards: Saudi Aramco Engineering Standards, Saudi Aramco Engineering Procedure, Saudi Aramco General Instructions, etc). Furthermore, Dr Al-Rashdan has Very Good Experiences in the Field of Environmental Sampling and Analysis using Atomic Absorption Spectrophotometer, Flame Photometer, UV-Visible Spectrophotometer, Total Kjeldahl Analyzer and other Analytical Instruments and Apparatus
In addition, Dr Al Rashdan has very good experiences in managing and executing governmental projects in Saudi Arabia. The main projects were considered as Key personal are as follows:

1. Ministry of Municipalities and Rural Affairs (MOMRA), Riyadh, Saudi Arabia 

Project Title: Consultations services (ongoing project)


Position: Environmental and Technical Advisor 


Duration: Three years started October 2012 

Main responsibilities and activities include:

· Technical Assistant and Environmental Advisor by the Public Health Department and Studies Department)

· Reports and studies preparation (Municipal waste and other environmental related topics)
· Reviewing the Municipal solid waste regulation issued recently by the Ministry of Municipalities and Rural Affairs “Municipal Solid Waste Regulation)

· Technical Advisor for drafting the framework for Rules of Implementation of the Municipal Solid Waste Regulation)  

· Technical advisor by the Public Health Department to establish a database software for Pesticide management system
2. Ministry of Municipality and Rural Affairs (MOMRA), Riyadh, Saudi Arabia

Project Title: Study of Consolidating Regulations and Legislations of Environmental 

       Health

Position: Project Coordinator and Technical Advisor, (Jun. 2009-August 2012) 

Duties and Responsibilities: 

· Team Management, Environmental Studies and Reports Preparation 

· Consultations with the Ministry’s Directorates and other Governmental Agencies

· Reviewing all Environmental and Environmental Health Regulations Issued by Saudi Governmental Agencies
· Reports and studies preparation and deliverables reviewing
· Guidance Manuals Preparation including:

· GM1: The relationship between environmental regulations issued by the Ministry of Municipality and Rural Affairs and non-environmental regulations issued by the same agency

· GM2: The relationship between environmental regulations issued by the Ministry of Municipality and Rural Affairs and other (environmental related) regulations issued by other Saudi Governmental bodies 

· GM3: Environmental Investment Guidance Manual for the Ministry of Municipality and Rural Affairs 

(The database including the reports and other documents for this project is available on the Ministry webpage at http://kbase.momra.gov.sa/)
3. Presidency of Meteorology and Environment (PME), Jeddah, Saudi Arabia

Project Title: Capacity Building and Development of the Presidency of Meteorology 

       and Environment (The Environmental Regulatory in Saudi Arabia). 
Position: Senior Environmental Consultant and Project Coordinator, (Dec. 2005-

               Nov.2008) 

Duties and Responsibilities:

· Review and Improve the Existing Environmental Standards issued by PME

· Develop and Manage Environmental Inspection Training Programme 
· Prepare and Develop Environmental Inspection Checklist and other related Environmental Inspection Documents
· Manage Environmental Inspection Teams
· Field Training for the Environmental Inspectors at Industrial Facilities
· Evaluate the Performance of Environmental Inspection Teams 

· Review and Evaluate the Environmental Inspection checklists and Reports prepared by the Inspectors 

· Site Visits to Landfills and other Industrial Facilities for Environmental Inspection and Auditing Teams
Sample of EIA/ESIA Experience (Note all studies prepared for the sectors are considered as confidential documents)
1. Environmental Impact Assessment: Riyadh Avenues Project: Determination of environmental impacts related to construction and operation of the project, site visits, soil sampling, ambient air monitoring using diffusion tubes, regulatory review, and finally comprehensive EIA study preparation
2. Ma’aden Gold Mining Sites Environmnetal Review: Environmental review studies and compliance audit for As-Suq and Bulghah Mine sites. This is an ongoing study and reports shall be submitted to Ma'aden Coompany for their review and comments and finally to apply for the operational permit appplication by the General Authority for Meteorology adn Environmnetal Protection in Saudi Arabia
3. Environmental Review, Landfill sites, including Al Sulay landfill and Al-Hair (Riyadh region) and Al Khumrah (Jeddah City): The review alos include the onsite solid waste egregation plant inn AL Sulay landfill. Reports to be submitted to the Municiplaait
4. Environmental and Social Impact Assessment Study: Mansourah-Massarah Gold Mine Site, CLient Maaden Gold -Ma'aden Company Saudi Arabia). The ESIA involved the determination and evaluation of environmental and social impacts of the proposed Gold mine project on the environment and the social communities. The ESIA will be conducted in line with the protocols prescribed by the Saudi Maaden Company, the Presidency of Meteorology and Environment and the IFC standards. Responsibilities included, site visit, literature and regulatory review, social consultations, environmental sampling, and also preparation of the ESIA report.
5. Environmental Impact Assessment Study: Khurais Upstream Facilities Project: Flowlines, Trunklines, and Laterals. The EIA involved the determination and evaluation of environmental impacts for the proposed oil flowlines and trunklines, and seawater injection lateral lines for the Khurais, Abu Jifan, and Mazalij oil fields to the northeast of Riyadh. The EIA’s were conducted in line with the protocols prescribed by the Saudi Aramco Engineering Procedure (SAEP-13) and the Presidency of Meteorology and Environment. Responsibilities included, site visit, literature and regulatory review and also participated in preparation of the EIA report. 

6. Consultancy Services for the Community Impact Study for Saudi Arabian Mining Company (Ma'aden) Jalamid Phosphate Project. The project involved the preparation of a Social Impact Assessment Study for Phosphate Project. Responsibilities included baseline data analysis, preparation and analysis of the questionnaire and participated in preparation of the Social Impact Assessment Study.

7. Environmental Impact Assessment Study: Improve Water Supply Quality in DHAHRAN. The project involved the determination and evaluation of environmental impacts in line with the protocols prescribed by the Saudi Aramco Engineering Procedure (SAEP-13) and the Presidency of Meteorology and Environment. Responsibilities Included site visit, client’s meetings, literature and regulatory review, preparation the EIA report.

8. Environmental Impact Assessment Study: Replace Sewage Treatment Plant at Shedgum Gas Plant. The project involved the determination and evaluation of environmental impacts in line with the protocols prescribed by the Saudi Aramco Engineering Procedure (SAEP-13) and the Presidency of Meteorology and Environment. 

9. Environmental Impact Assessment Study: Install Riyadh Refinery Crude Oil Pipeline. This project involved the determination and evaluation of environmental impacts in line with the protocols prescribed by the Saudi Aramco Engineering Procedure (SAEP-13) and the Presidency of Meteorology and Environment. 

10. Environmental and Social Impact Assessment: Sewage Treatment Plant Facilities/Al Khumra Jeddah STP: The project involved site visit, water sampling and analysis, literature and regulatory review, air emissions monitoring and determination and evaluation of the environmental impacts. 

11. Environmental and Social Impact Assessment Report: Ras Azzour Independent Water and Power Plant (IWPP). The project involved site and visits, terrestrial and marine survey, literature and regulatory review, consultations with governmental agencies and representatives of the local societies, and determination and evaluation of the environmental impacts. 

12. Environmental and Social Impact Assessment: Sewage Treatment Plant Facilities: Al Kharj. The project involved site visit, water sampling and analysis, literature and regulatory review, air pollutants monitoring, consultation with governmental agencies and local community, and determination and evaluation of the environmental impacts. 
13. Environmental and Social Impact Assessment: Sewage Treatment Plant Facilities: Al Hair. The project involved site visit, water sampling and analysis, literature and regulatory review, Air pollutants monitoring, consultation with governmental agencies and local community, and determination and evaluation of the environmental impacts. 
14. Environmental Impact Assessment: Pipeline installation between North Riyadh Bulk Plant and Riyadh Terminal Unit. The project involved the determination and evaluation of environmental impacts in line with the protocols prescribed by the Saudi Aramco Engineering Procedure (SAEP-13) and the Presidency of Meteorology and Environment. 

15. FAS Real Estate Company (Fawaz Alhokair Group), Environmental and Social Impact Assessment, Five Star Hotel in Riyadh City: 

16. Saudi Consulting Services (Saud Consult)/Al Rayadah Development: Rayadah Investment Company, Jeddah Housing Project, Environmental Impact Assessment.

Teaching and Research Experiences (in Jordan and Germany)
1. Part-time Lecturer (Course: water pollution), Feb 2005-June 2005 
Department of environmental science, Faculty of sciences and arts, Jordan University of science and technology (JUST), Irbid, Jordan 
2. Part-time Lecturer and Environmental Researcher Oct. 2002-Oct 2004
Department of earth and environmental sciences Faculty of natural resources and environment, Hashemite university, Zarka, Jordan
Project Title: Selected treatment methods of wastewater from pesticide producing 

                       plants.  
Duties and Responsibilities:
· Team leader and co-supervisor of master students: 
· Laboratory supervisor

· Industrial wastewater sampling

· Lecturer (Environmental geology) 

3. Environmental Researcher and Consultancy Services, Oct. 1995-May 2000
Dept. of physical chemistry (Oeko-Chemie und Umweltanalytik AG),

C.v.O. Oldenburg University, Oldenburg (Oldb), Germany: 

· Environmental sampling and analysis services (water, wastewater and soil) for industrial sectors, companies and the environmental police section. 

· Diploma student’s advisor, 

4. Environmental Researcher, Jan. 1992- April 1994
Irbid Wastewater Treatment Plant, Ministry of Water & Irrigation, Jordan:  

· Water, wastewater and sludge sampling and analysis
· Drinking water quality control 
· Wastewater analysis 
Research and Working Interests

· Environmental and social impact assessment studies

· Environmnetal review and compliance audits

· Environmental site assessment

· Environmental monitroing

· Waste Management including Solid waste segregation, reuse, recycling and disposal
· Treated wastewater resue 

· Constructed wetlands

· Advance treatment of wastewater 

· Composting and soil fertility

· Environmenttal pollution control

· Best available abatement technologies for pollution control (BAT)
· Developing environmental stanards and regulations
Educational Qualifications:

· PhD (Environmental sciences), 

Department of physical chemistry (Environmental chemistry and analysis / Oekohemie und Umweltanalytik AG), C. v. O. Oldenburg University, Oldenburg (Oldb), Germany, 2000

“Thesis title: Investigation of natural Zeolitic Tuffs on their ability for sewage  

                      cleaning purposes”
· M.Sc. (Geology and environmental sciences),

Department of earth and environmental sciences, Yarmouk University, Jordan. 1994

“Thesis title: Treatment of domestic wastewater effluent from stabilisation 

                        ponds using Jordanian Zeolitic Tuffs”.

· B. Sc (Geology and environmental sciences), 

Department of earth and environmental sciences, Yarmouk University, Jordan, 1991
Publications, Presentations, and Supervisions: 

· Publications 

· The importance of EIA study in mining activities of oil shale: case study. The 8th International Conference of Jordanian Geologist Association. pp. 12., 2004 (Khashashneh, A, Al-Rashdan, Z. and Rimawi, O.).
· Removal of pesticides from wastewater using Jordanian Bentonites, Zeolite and Jift-Charcoal. The 3rd Jordanian Conference on Environment, Yarmouk University, Jordan, 2004 (Ibrahim, K. M., Naffa, R., Al-Akasheh, T. and Al-Rashdan, Z.)

· Investigation of Natural Zeolitic Tuffs on their ability for sewage cleaning purposes. Ph.D. Thesis, Oldenburg University, Oldenburg, Germany, 139 pp., 2000

· Treatment of domestic wastewater effluent from stabilization ponds using Jordanian Zeolitic Tuffs. M.Sc. Thesis, Yarmouk University, Irbid, Jordan, 189 pp., 1994
· Presentations at conferences and seminars:

· Wastewater treatment plants and effluents reuse in agriculture, Yarmouk University, Irbid, Jordan, Hand in Hand Toward a Clean Environment Seminar 2002

· The effect of median on childhood, Palace of Neubeueren/ Munich, Germany Psychology and Social Sciences Discussion Group 1998

· Heavy metal ions reduction from waters using Zeolite, C. v. O. Oldenburg University, Germany, Environmental pollution Seminar 1998

· Adsorption of ammonium ions on Natural Zeolites from aqueous solutions, Eco-Chemistry and Environmental Analysis Seminar, C. v. O Oldenburg University, Germany, Environmental Chemistry and Analysis Seminar,1996

· Co-Supervision of Theses 

· Photocatalytic oxidation of pesticide residues from industrial wastewater Hashemite University, Jordan, 2005

· Removal of pesticides residues from wastewater using Jordanian clay minerals and JEFT-Charcoal, Hashemite University, Jordan, 2004

· Environmental impact assessment of El-Lajjun oil shale expected extraction activities, Jordan University, Jordan, 2002

Language Skills:

· Arabic: Mother language

· English: Very good in speaking, writing and reading

· German: Very good in speaking, writing and reading

Computer Skills:

Very good experiences in using personal computer and software (i.e. microsoft office, acrobat distiller, Adobe writer, microcal origin, photo editor, internet search engines burning ROM program)
Scholarship Awarded:

· German Academic Exchange Society (DAAD): PH. D research, 1995-2000

Memberships:

· Jordanian environmental protection agency 

· Geologist association of Jordan

Personal Details:

Date and Place of Birth: October, 04, 1969 in Deir Abu Said/Jordan

Nationality: Jordanian 

Martial Status: Married
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Summary

Today, Jordan is experiencing a severe water scarcity problem. This is due to two reasons: the water consumption is too highly extended, and this will only increase in the near future; and the water is severely polluted. This pollution is cause either by plant fertilisers (ammonium and phosphor) being leached into the water from agricultural fields, or by the heavy metal ions found in the treated as well as the non-treated industrial wastewater. This study deals with the application of the naturally found material zeolite in the removal of the heavy metal ions from the polluted waters in Jordan. Natural zeolite as a raw material is available in economic amounts in the north-east part of Jordan. The material used in this study was brownish zeolitic tuff, from which a small homogeneous sample was taken from a larger sample from the Aritain area in NE Jordan) and reddish zeolitic tuff also from the Aritain area specially collected by the author. Samples of zeolitic tuff were tested for their characteristics. The both zeolitic tuffs were found to be very different from each other in their chemical analysis as well as in their mineral composition. 

The chemical analysis was done using x-ray fluorescence. The grain sized 1-0.315mm sample of the reddish zeolitic tuff was shown to contain a higher percentage of SiO2, Al2O3 and K2O than the same sized sample of the brownish zeolitic tuff. In contrast the 1-0.315 mm sample of the brownish zeolitic tuff contained a significantly higher percentage of Na2O, CaO, MgO, Fe2O3, and TiO2.

As well, both the tested zeolitic tuffs were found to be very different in their mineralogical components and to contain different concentrations of zeolite minerals. The predominant zeolitic minerals found in the 1-0.315mm sample of the reddish zeolitic tuff were Phillipsite (54.4%), Chabazite (11.7%), and Harmotome (18.2%). The same sized sample of the brownish zeolitic tuff was found to contain Phillipsite (44.8%) and Harmotome (6.1%), however instead of Chabazite, Faujasite (3.6%) was found. On the other hand, the <0.315mm samples contained smaller percentages of Phillipsite mineral (22.7% for the reddish tuff and 38.3% for the brownish tuff), but contained a higher percentage of Chabazite mineral (in case of the reddish tuff with 17.2%) or Faujasite (with 21.9% for the brownish tuff), while the Harmotome mineral was absent. The difference in concentrations of the zeolite minerals in the two differently sized samples could be due to the size of certain component mineral being too large for the small size of the sample (<0.315mm) or to the fact that they may  be bonded to other materials, the compound therefore being too large. 

Concerning the non-zeolitic minerals obtained in this analysis, Leucite and Magnetite were only found in the <0.315mm sample of the brownish tuff, while Hematite was only present in the 1-0.315mm sample of the reddish tuff. Calcite was found in a higher percentage in the brownish tuff than in the reddish tuff, and it tended to be more concentrated in the smaller <0.315mm samples of both tuffs. Keep in mind this analysis is not completely accurate, while some peaks of the x-ray diffraction diagrams were not identifiable, and thus, may affect the physical and chemical characteristics of the zeolitic tuffs.

The cation exchange capacity (CEC) of natural zeolitic tuffs is not easy to measure. It depends strongly on the pre-treatment method performed prior to testing The CEC for both raw materials (reddish and brownish tuffs) was evaluated by different methods according to previous research on natural zeolites and CEC determination. The obtained values of cation exchange capacities for both materials varied greatly depending on the method used as well as the applied regenerate in the different methods (batch reactor system or ion exchange column). These results seem to be highly influenced by the selectivity of the zeolite minerals, and may be affected by the unidentifiable mineral in the zeolitic tuff materials. From the obtained results, it was found that the reddish zeolitic tuff has a significantly higher value of cation exchange capacity than the brownish tuff. The CECs were 2.96 meq/g and 1.84 meq/g, respectively. With one exception as well the NH4Cl was used as regeneration solution, the obtained CEC’s tend to have the same values. CEC’s of 2.56 meq/g and 2.51 meq/g for the reddish and brownish tuffs were measured, these results might be due to the dissolution process of Ca2+ from the CaCO3 in the tuffs.

The 1-0.315mm sample of reddish zeolitic tuff was found to have a lower thermal stability than the brownish tuff, because the rehydration process (at room temperature for 24 hours) was completed after it was heated to temperatures ranging from 150 to 200°C, while the complete rehydration of the brownish tuff was achieved only after being heated to 500°C. In contrast, the reddish tuff tended to lose more of its weight when heated (150°C-900°C) than the brownish tuff.

Similar results were obtained from the water absorption process, which was performed using a gas stream of H2O and NH3 on the zeolitic tuff beds. It was found that the brownish tuff had a higher capacity for H2O adsorption in all types of regeneration such as thermal treatment, acidic treatment with diluted acidic solutions (pH 5, pH 4, pH 3 and pH 2), and also in their Ca-; K- or Na forms. When thermal regeneration was performed at temperatures between 100-900°C, the highest values of water absorption recorded were 9% for the brownish tuff and 7% for the reddish tuff, at temperature ranging from 150 to 250°C. The acidic treatment had little to no effect on the water absorption of the tuffs; 8.5%-10% was absorbed no matter what pH of the solution was. However, a significant effect was observed on the adsorption capacity to NH3; it was reduced from 23mg/100g at pH 5 to about 2.5mg/100g at pH 2 using brownish tuff and from 25mg/100g at pH 5 to 10mg/100g at pH 2 using reddish zeolitic tuff. Chemical regeneration had a similar effect on the adsorption capacity of NH3 for both tuff types. The Ca-form zeolitic tuffs had a high capacity for H2O adsorption, 35mg/100g for the brownish zeolitic tuff and 27mg/100g for the reddish zeolitic tuff. 

As well, packed bed density and the attrition resistance of zeolitic tuffs were tested. It was found that the brownish zeolitic tuff (1-0.315 mm) is characterised by high resistance to attrition (4.1%) and a lower packed bed density (0.84 g/cm3), in comparison to the values obtained for the same sized sample of the reddish zeolitic tuff, whose values were found to be 8.4% and 0.93 g/cm3 respectively. 

The untreated 1-0.315mm sample of reddish zeolitic tuff showed a very high capacity for ammonium adsorption (46g/kg) when treated with an ammonium standard solution in comparison to the brownish zeolitic tuff, which did not absorb half as much. In contrast, the adsorption capacities for NH4+ were highly decreased to a value of 2.2 g/kg using reddish zeolitic tuff and 0.9 g/kg using the brownish zeolitic tuff, when a certain amount of the zeolitic tuffs was agitated with a certain amount of manure in polyethylene bottles. The low values of NH4+ absorbed were due to the presence of high concentrations of counter Ca2+, K+, Na+ and Mg2+ ions.

In combination with the removal of NH4+ from the manure phosphorus was also removed. However, the amount removed was dependent on the type of tuff; a higher amount was removed (723 mg/kg) by the brownish zeolitic tuff, while a smaller amount (592 mg/kg) was removed by the reddish zeolitic tuff. This difference may be due to the fact that the amount of CaCO3 present in the brownish zeolitic tuff is higher than in reddish zeolitic tuff allowing the phosphorus to be precipitated out as Calcium phosphate.

The ammonium ions, which were absorbed from the ammonium standard solution were then extracted from the tuffs using tap or distilled water. The reddish tuff had an elution percentage of 87%, while that of the brownish tuff was 76%. The first released the NH4+ ions more slowly than the latter.

Similar results were obtained for the extraction process of ammonium ions, which were absorbed from the manure. It was found that when a greater amount of the tuffs was used, a slower extraction process was achieved. As well, when distilled water was used, an amount of NH4+ was extracted, means that the ion exchange reaction was occurred between NH4+ ions and some extracted ions from the tuffs, which resulted from the attrition of zeolitic tuff grains themselves. In contrast, the amount of phosphate extracted from the tuffs was not affected by the weight of zeolitic tuffs used, but a significant difference was observed when the distilled water (pH 5.5) was used. At this pH level the precipitated phosphate dissolved from the tuffs and consequently the free Ca2+ ions were exchanged with NH4+ in the zeolitic tuff. This caused the solution to become more acidic, which in turn cause more phosphate to be extracted. Furthermore, through the desorption kinetics, the reddish zeolitic tuff shows a higher selectivity for Ca2+ ions than the brownish tuff, which resulted in a higher amount of NH4+ ions being desorbed from this tuff.

Therefore, the obtained results from the adsorption-desorption tests on the Jordanian zeolitic tuffs indicated a high effectively for reddish zeolitic tuff as slow release ammonium and phosphate fertiliser. 

The evaluation of zeolitic tuffs for the removal efficiency of Pb2+, Cd2+, Cu2+, Ni2+ and Zn2+ from simple and complex solutions was done in a batch reactor and in an ion exchange column. In these tests, both zeolitic tuffs were used in their untreated forms as well as in their Ca-, K- and Na-forms, which were obtained by treating a certain amount of the zeolitic tuffs in a batch system with a certain volume of CaCl2, KNO3 or NaNO3. 

In batch systems, the 1-0.315mm sample of untreated brownish zeolitic tuff removed ions more efficiently from simple solutions containing only one type of ions (Cd2+(30.6 mg/g); Cu2+ (9 mg/g); Ni2+(14 mg/g) and Zn2+ (54 mg/g)) than the reddish tuff. In contrast, Pb2+ ions were highly absorbed by both tuffs (145-150mg/g). It is clear that the removal process of Pb2+as well as Cd2+ and Zn2+ on the brownish tuff is not only by means of the ion exchange and an absorption on the surface of the tuff particles. On the other hand the total amount of Cd2+, Cu2+, Ni2+ and Zn2+ absorbed by reddish tuff  was lower than the total adsorption capacity of this tuff. Similar results of absorbed Cu2+ and Ni2+ using the brownish zeolitic tuff were obtained. This might indicate that not all the ions were able to find sites on the zeolite mineral at which they could be exchanged.

Furthermore, the same adsorption capacities of Pb2+ (37 mg/g), Cd2+ (12.4 mg/g) and Cu2+ (4.5 mg/g) were observed when any of the three regeneration forms (Ca-, Na- or K- forms) were used, and those were the same for both tuffs. In contrast, the amount of Ni2+ (7.6-9.4 mg/g) and Zn2+ (19 mg/g) absorbed by the brownish tuff was significantly higher than that obtained by using the reddish tuff (3.6-4.2 for Ni2+ and 8-10 mg/g for Zn2+). Therefore the untreated form of brownish zeolitic tuff seemed to have a higher adsorption capacity for Zn2+, Ni2+, Cu2+ or Cd2+, than in Ca-, K-, or Na-form. This might be due to the unidentifiable minerals in the brownish zeolitic tuff, which can provide exchange sites for the ions.

Counter Ca2+ and Na+ ions were added to the heavy metal solution through CaO or NaOH ( to achieve a solution-pH range between 6.5 and 7) before they were placed in the batch reactor. The effects these ions had on the removal of metal ions are as follows:

1. The Pb2+ and Cu2+ ions absorbed were not affected by the presence of counter ion and were dependent on the type of regeneration form used.

2. The amount of Zn2+, Cd2+ and Ni2+ absorbed was highly dependent on the regenerated-form of tuff used and was not affected by the presence of Ca2+ or Na+ ions.

3. The Na form of reddish zeolitic tuff showed a higher efficiency for Ca2+ adsorption than the brownish zeolitic tuff.

The adsorption capacity of both zeolitic tuffs using ion exchange method was highly affected by the flow rate of effluent solution. The breakthrough curves were greatly shifted to the right on the x-axis when a flow rate of 400 ml/hr rather than 600 ml/hr was used, and thus a higher efficiency for the removal metal ions was obtained. Furthermore, a larger amount of cations were extracted from the tuffs by applying a lower effluent flow rate. It can be concluded that by using a lower flow rate, higher removal percentages of metal ions may be achieved.

The results obtained from the test of both zeolitic tuffs in the different forms of regeneration in column process indicated that the brownish zeolitic tuff in Na-form had an especially high efficiency for removing metal ions. Furthermore, its capacity for the adsorption of metal ions was increased by repeating the regeneration-exhaustion processes using the same zeolitic tuff bed. This increase in ion adsorption through repetition may be explained through 5 concepts: the higher the number of exchange cycles in the column the tuff is subject to might increase its absorption capacity; an increase in the number of desorbed cations in the solution which can be exchanged with the metal ions; the repetition of the regeneration process; a drop in the flow rate which occurred at times during the exhaustion process and by the back washing process with deionized water after each exhaustion step, which might lead to rearrangement the particles in the tuff bed. 

The extracted metal ions from the zeolitic tuffs are highly variable and dependent on the regeneration solution used (CaCl2, KNO3 or NaNO3) as well as the previously used form of zeolitic tuff (Ca-; K- or Na-form). In general, more metal ions were removed from the Na-form of brownish zeolitic tuff, and this amount it was further increased by a second cycle of regeneration. There was only one exception, Cu2+, which was not exchanged from the tuff. The cause of this might be that it was already removed by the tuff through precipitation on the surface of tuffs particles or within the zeolite structures themselves. 

The results are recommended the use of reddish zeolitic tuffs in Jordan (as a case study) as slow releasing fertilisers to control one of the most common water reservoir pollution source due to the application of chemically based fertiliser in agriculture. Similarly, the brownish zeolitic tuffs (in Na-form) is recommended for industrial wastewater treatment to achieve a higher effluent quality, helping to prevent the water pollution with heavy metal ions. An important factor concerns the later application of zeolitic tuffs is the handle of the exhausted zeolite with metal ions. The exhausted zeolitic beds should be either regenerated to produce a small volume of wastewater contains a high concentration of metal ions which should be treated with a suitable treatment method, or it is preferably that the exhausted zeolitic tuffs will be used in Cement manufacturing industry.
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Abstract

Two types of Jordanian natural zeolitic tuffs bulk and reddish zeollitic tuffs) were collected from NE Jordan, and one sandstone sample (consists of 80-90% quartz) was used as control sample. The effect of these samples was tested on the effluent of wastewater stabilization ponds using both laboratory scale column and batch methods.

The bulk zeolitic tuffs contain between 34-56% of phillipsite mineral as the main zeolite mineral while the reddish zeolitic tuff contain 31-50% of phillipsite mineral. This phillipsite have a low resistance to aggressive environment. It losses about 7% of its crystallinity if attached by pH 5 solution for 24h.

By using the column method and for an average of 15 beds volume of treated effluent, the highest removal for ammonium (88%) when the Na-treated bulk zeolitic tuff of 1-0.5 mm fraction size was used, while the highest removal for phosphate is found to be as 74% by using the non-treated bulk zeolitic tuff of 1-0.5mm. A maximum drop of electrical conductivity (13.9%) was obtained for the same method when the Ca-form of the bulk zeolitic tuff of 1-0.5mm size fraction was used. While for sandstone (control sample), the highest removal for ammonium (22.5%) and phosphate (26%), and the maximum drop of electrical conductivity (7.1%) were occurred when the non-treated of 1-0.5mm size fraction were used. It seems that, the pollutants required to be removed depend mainly on the treatment type of the zeolitic tuff, i.e., Calcium and sodium treatment).

For batch method, the highest removal for ammonium (61%) were carried out using 5% of less than 0.25mm fraction size non-treated bulk zeolitic tuff and 3 hours shaking, while for phosphate, the highest removal (59%) when using the non-treated reddish zeolitic tuff for 5% of less than 0.063 mm size fraction and 3 hours shaking. When sandstone used in the same method, the highest removal for phosphate (31%) was carried out using less than 0.25mm fraction size and 3 hours shaking, the removal efficiency for ammonium was about zero. It was found that, by increasing the added amount of zeolitic tuffs in batch method, the efficiency of the pollutants removal was increased.

The Jordanian zeolitic tuffs in comparison with sandstone as a control sample shows a very high efficiency in pollutant removals from the effluent. Furthermore, the Jordanian zeolitic tuffs that were used in effluent treatment can be reused as a fertilizers and soil conditioners, due to their contents of nutrients such as nitrogen, phosphate, and other plant nutrients, also, this zeolitic tuff can be strongly recommended to be applied for municipal wastewater treatment as tertiary treatment.  
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