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me over the past thirty five years.

It to all these wonderful students an colleagues | must say thank you.
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This collection of work is dedicated to mu lovely wife Azza E.
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Major Scientific Accomplishments by Prof.

M.S. EI-Shahawil. Academic gualifications:
1. PhD:Analytical Chemistry (1986) at Strathclyde University, Glasgow, UK

2. M.Sc: Analytical Chemistry, 1980, Mansoura University, Mansoura, Egypt

3. B.Sc: Special Chemistry, 1975, Mansoura University, Mansoura U, Mansoura,

Egypt

4. Currently Professor of Analyticaind Environmental Chemistry at King
Abdulaziz University (KAU), Saudi Arabia since September, 2005.

5.1 have held several academic posts at Mansoura University (Egypt, March

19861 August 1991; September 199ugust 2005) and the University of the

United Arab Emirates (September 1981igust 1997) and was appointed a series

of research follows at Strathclyde University (Glasgow, UK, JulySeptember

1993, C/O Prof W.E. Smith), Queens University of Belfast (Belfast,

North Ireland, July 1995 August 1995, C/O ®f D.T. Burns) ; Plymouth

University (Plymouth, UK, July 199%eptember 1997; July 2000August

2000; January 2003ebruary 2003 C/O Prof E.P. Acterberg) anthstitute

Fur Chemie, HumboldtUniverstat Zu Berlin(Berlin, Germany, August 2002

October 2002, C/O W. Meritz) (see CV for detailshl. Professional

experience

A. Consultant to:

1. The Federal Environmental Agency at United Arab Emirates 1997;

2. The Centre of Excellence in Environmental Studies at KAU 20001

3. Advisor for few Industrial chemical companies in Egypt e.g. Seperia and
finally

4. Ministry of interior in Egypt and Saudi Arabia.

B. Research ProjectsGood experience in project management and | have
attracted over 4000,000 $ US Dollars in research funds $882via

participation as Pl and /or Gauthor in a number of research projects as follows:

1. National Research Projects (Please see
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i. At United Arab emirates University (199296).

il. Ministry of Higher Education, Egypt
Accreditdion Program (20042 0 05) ", ( QAAP)ii. KirngMAN/ 3/ 09
Abdulaziz University (200&012), Jeddah, Saudi Arabia.

2. International Collaboration:

i. DFID link Project: Research Project entitled:Wat er Qual ity i n R
Funded by British Council in Egypt, (20@D03) between Dr. E.P.
Achterberg

"Plymouth University, UK" and Prof. M.S. Bhahawi "Mansoura University,

Egypt", 25000 British Pounds

ii. GEOMAR, Germany: In October 2012, | have fanipated effectively with
Prof. Eric P. Acterberg at GEOMAR, Helmholtz Centre for Ocean Research,
24148 Kiel, Germany in getting a fund (1,150,000 $ US Dollars) of the
research proposal entitled: Investigation of Novel Pollutants e.g. silver
nanoparticlesGallium, Lead, Nickel, Vanadium and Nutrients in Jeddah
Coastal Waters and

Their Biological Effectso between King

Helmholtz Centre for Ocean Research, Kiel.

iii. Miami U: In September 2012, | have participated effedyiwith Prof.

Rogers M. Leblanc

(Cooper Felloy Professor and Chaat the Department of Chemistry, Miami U,

USA in getting a fund (1,350,000 $ US Dollars) of the research proposal entitled:
Detection of Hepatocellular Carcinoma (HCC) in-Risk Grous by using

biomarker alfaL-fucosidas (AFU) to screen and identify at risk groups for early
tumors which will need treatmento bet we
Arabia and Miami U, USA.

I1l. Research Interests




1. Application of untreated and phgally treated polyurethane foams (PUFs) and
other solid phase extractor e.g. active carbon, local clay and date pits for
separation, determination and chemical speciation of trace concentrations of
toxic and non toxic metal ions and organic pollutantsamplicated matrices

using batch, flow and pulse modes of separation.

2. Application of nanosized solid phase extractor (SPE) and solid phase
microextraction (SPME) e.g. nanosizeds®e treated for PUFs, nanogold
treated PUFs, nano ZnO treated PUF, ar®DlFehemically impregnated clay
and clay minerals in batch, flow and pulse modes for separation, determination
and chemical speciation of trace concentrations of toxic and non toxic metal ions

and organic pollutants in complicated matrices.

3. Application of conventional liquidiquid (LL) extraction, cloud point
microextraction and dispersive liquidliquid microextraction techniques
(DLLME) techniques for separation, determination and chemical speciation of
trace metal ions, food colors, biogenic amined phosphorous pesticides in

complex matrices.

4. Assessment of pollution level in fresh water (River Nile) and marine water (Red

sea and Arabian Gulf post and after Gulf War ) and fish organs as bio indicators.

5. Determination, chemical speciation of trametal ions and oxyions of Cr, Ru,

Bi, W, As, Sb, Au, Pt, etc and formeasurinp e acti vity of the enzyme

Lfucosidaseas tumor marker employing:

i. High fold chemical amplification reactions involving KiQii.
Extractive spectrophotometra;. Extractive and nonextractive
spectrofluorometric techniques.

6. Developing of simple, selective and caéseffectiveness voltammetring
methods for precise determination and speciation of ultra trace concentrations of
metal ions, food colorants, -@mzyme Qo, pesticides, anticancer

drugs, steroids and persistent organic pollutants (POPSs) in complex matrix e.g.

6
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wastewater, pharmaceutical formulations, drug residue in wastewater, etc using
glassy carbon electrode (GCE), hanging mercury dropdewrode (HMDE) and

nano composite surface modified GCEs.

7. Developing Duakwavelength b-correction spectrophotometric methodisr

analysisof trace concentrations of CN Th, Bi and Hg ions in industtiavastewater

effluents.

8. Total determination and speciatiohtrace metal ions and some selected
inorganic ions e.g. FCI, SQ%, NOs,, NO-, C&*, Mg?*, AI®*, K*, Na*, NHs" in

total suspended matter (TSP), Rdnd PMsin air aerosols.

9. Preparation and fully characterization of a series of optically active and non
active transition complexes of biological and industrial applications using a series
of spectroscopic (UWisible, IR, NMR), electrochemical (Cyclic voltammetry,

Coulometry) , thermal analysis and elemental analysis.

10.  Studying the spectroelectrochemical behavior using thin layer cyclic
voltametry, thin layer coulometry and optically transparent thin layer
electroclemical cells OTTLES) for characterization and quantification of a series

of various redox systems e.g. metal complexes, anthraquinones, etc.

V. Publications, Translated Books, Conferences and Meeting of

Professional Societies:
A. Publications of Book Chapters (3 Entries)
1. M.S. El-Shahawi E.A. Al-Harbi and H.M. AlSaidi

ASpeciation of Tellurium in soil, sedi
ASpeciation of Chromium in soil, sedi me
Chapter inSezgin Bakidere' Chi ef Edi tor" Book entitl ec
Soil, Sedi ment and Environmental Sampl e

Press/Taylor & Francis Group, 2013.

2. M.S. El-Shahawi®, A. A. Al-Sibaat, H.M. Al-Said? and E. A. Assirey
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Fast, Selective Removal and Determination of Total bismuth (lll) and (V) in Water
by Procaine Hydrochloride Immobilized Polyurethane Foam Packed Column Prior
to Inductively Coupled Plasma Optical Emission Spectrometry in
"Polyurethane”, A Book ChapteBin Fahmina Zafar and Eram Sharmin

AChi ef Edi t9863307-642-3. Bi\Necl®, Oen Access publisher in the
fields of Science, Technology and Medicine Published 2012.

3. M.S. El-Shahawi

Retention Profiles of Some Commercial Pesticides, Pyrethroid Amadicide
Residues and Their Applications to Tomato and Parsley Plants. Special Issue in
Water pollution edited by E. Heftmann, Elsevier press, Special issue J.
Chromatography A, 760 (1997) 17892.

B. Published and/ or revised research articles:

1. Published articles (131 Entries): 125 articles (Published) and 6 articles
(Published from M.Sc & Ph.D)in refereed papers published in
internationally recognized Journals such as Trends in Analytical Chemistry,
Anal. Chim. Acta, J. Chromatography, Analyst|arda, Analytical and
Bioanalytical Chemistry, J. Hazardous Materials, Analytical Sciences,

Electroanalysis etc.)
2. Submitted and / or revised articles6 Articles Revised and/ or submitted for
publication.
C. Translated Books

Translated Books to Arabic language3 Translated books from English to
Arabic. These Books

are:

1.J . N. Mi | | er Statistccs ahd Gbemorivetritsifoe Analyfical
Chemistryd " Edn. Prentice Hall PublishéPgarson Education Limited,

England, 2010by: Y.Moustafa and M.S. Ebhahawi.



2D. A. Skoog, F. M. Pihoidleb & instruntentaRAnalySisoo u ¢ h

6 " Edn., Thomson Brooks Publisher, 20G7¥oMoustafa and M.S. EIShahawi.

3.J. M. MmRiecplds ofiCeramics Processing2 " Edn., Jon Wiley &
Sons, Inc., 1995. by Y. M. Moustafa, M.S:-$&tahawi and A. Algamdy.

D. Conferences, Workshops and Meeting of Professional Societies

(Oral Presentation =28: Poster =32), Workshops (2) and Meetings of

Professional Societies (4). Oral presentationsin National and International

Conferences28.

2. Poster presentationsn National and International Conferences and

Symposium32
3. Workshops2
4. Meetings of Professional Societids:

V. Prizes and Merit Awards

1. King Abdulaziz Univesity Award for "Distinguished Scientist in
Research of the Year" (Chemistry), Jeddah, Saudi Arae@g, 2009, 2010,
2011, 212.

2. Scopus Appreciation and Recognition for Excellence of Publishing in
Elsevier Publishing Company (46 entries), King Abdulazimversity, Ryadah,
Kingdom of Saudi Arabia2008. .

A

3. "The Egyptian State Award of" Recoghni

Awarded by the Academy of Scientific Research and Technology, Ministry of
Higher Education, Cairo, EQy®004.

4, Shoman Award for"Young Scientist of the Year" (Chemistry) in the Arab
World", Amman, Jordari993.

5. Perkin Elmer Award, 18Intern. Symp. on Chrom., Amsterdam, the
Netherlands, September-28,1990.

VI. Scholarships



1. British Council scholarships (Br#h Council at United Arab emirates 1993,
1995, 1997).

2. DFID grants 2000, 2001 and 2003 at Plymouth University, Plymouth, UK.

3. Deutsche Forschungsgemeinschaft (DB@holar Shigt Institute Fiir Chemie,
Humboldt Universtat Zu Berlin, BerlifBelin, GermanyHumbldt, 2002). The

grants covered traveling and living allowances.

VII. Supervisions for Ph.D, M.Sc thesis and research progects (B.Sc
students) (19862012:

i.32M. Sc t Blewaidsd@msd 1 {n progress)20Ph. D t hesi s0s2 (18 Awarded &
in progress) iii.. 60 undergraduate students Final research projects for B.Sc

graduation since

1986

VIII. Collaboration and editorial

A. National and international recognition:

1. Associate Editor of Bournal of Chemistry, Hindawi Publishing

Corporation, a peer reviewed, open access journal. (March 11, 2012).

2. Lead Guest Editor of an upcoming Special Issues for International Journal

of Analytical Chemistry, Hindawi Publishing Corporation, November 2011.

3. Invited by Science Publishers books, CRC Press/Taylor & Francis Group,

2012 to write a Speuiatikn otTellarum ie soil, sedimentt | ed A

and environmental sampleé a n d ASpeciation of Chromium in
and envi r on me®ezgm Bakisdaren@hieeEslior' Book entitled

ASpeciation Studies in Soil, Sediment and Env
Publishers books, CRC Press/Taylor & Francis Group, 2Ra8lished

January, 2013).

4, Was invited by In Tech, Open Access publishahefields of Science,

Technology and Medicine

in writing a book chapter in "Polyurethane”, A Book Chapter 1Bainmina
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Zafar and Eram Sharmin Chi ef Edi t9633@/-642-3. BiNecl® OpEn
Access publisher in the fields of Science, Technologl Medicine.Published
January, 2012).

5. Was invited by Dr. S. A. Igbal, Chief Editor (200®)participate in

writing a book chapter n t he i nternational book enti
Face of
Environment o.

6. Actedasan advisor for the Federghvironmental Protection Agency,

United Arab Emirates.

7. Member of the Experts Referee Panel
of Higher EducationEgypt, 20022005.
8. Participated in writing a Book Chapter entitled: Was invited by E.
Heftmann in writing a book Chapter ent.i
Commercial Pesticides, Pyrethroid and Acaricide Residues and Their
Applications to Tomato and Parsley Plantsinca®dk ent i t |l ed fAWater
by hazardous materialso by E. Heftmann,
Chromatography A, Orindal1997.
B. Collaboration with National and International Centers and Excellence of
research
1. Was invited by Prof. O"SullivaiRovira | Virgili University (Spain) to be a
member of the Referee Panel committee for the PhD student (Mr. H.M.
Nassef).
2. Acted as a csupervisor with Prof D.T. Burns in supervision on a PhD student
(Mr. Salem A. Barakat, 1992).
3. Carried out joint researctoltaboration with Prof. Eric Achterberg group in
DFID funded Project.
4. Carried out collaborative research with several research teams from UK, North
Ireland, Saudi Arabia, and Germany.
5. Submitted a project with Prof O"Sullivan, Spain and and@neject wth Prof
E. Achterberg, Southampton, UK to the Deanship of Scientific Research.
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6.Acted as a sponsor on a AWorkshopo
Applicable Procedures for Detection and Semi quantitative Determination of Trace
Metal lons in Water

C. Reviewing and services

1. Reviewer in over 42 international Journals in Analytical and / or

Inorganic Chemistry. Regularly

refer ee pRaMtelesseal) f@rm2 Bost of International Scientific
Journals (>42 Journals) and Scientific Revieaméls (Please see full CV).

2. Examiner for several MSc and PhD dissertations at National level (Egypt,
UAE and Saudi Arabia).

3. Acted as a reviewdbor Arabic Translation o f fOxford Book

Instrumental Analysis , Chromatographic separation and Blectn a | y si s 0.
following four books were reviewed:

i. Christopher M.A. Brett and Ana M.O. Brélectroanalysis", Series sponsor:
Zeneca, Oxford University Press, 200&. Ritchard P. Wayne Chemical
Instrumentation”, Series sponsor: ZENECA, Oxfordi€ece Publication, Oxford
University Press Inc., New York, 1995.

iii. John R. ChipperfieldNon 7 Agueous Solvents" Series sponsor:

ZENECA, Oxford Science Publication, Oxford University Press Inc., New York,
2007.

"Demonstr

Series i
The

iv. Fisher, A.C. , A "Sériessponsar: ZENECADY na mi ¢ s 0

Oxford Science Publication, Oxford University Press Inc., New York, 1996.

D. Research Collaboration in Service for Industry and Commerce

Consultancies for local and international industries:

1. Was invited on five occasions tiye Modern Academy of Science
(Department of Environmental

Affairs, Prof H.M. Fahmy) to arrange for a one day workshop presenting to the
General Directors of

Environmental for industrial companies, Egypt

12



2. Was involved with a consultancy on Rare Earniients (REES)
separation from Apatite ore.

3. Acted as consultant for the Damietta Port Authority, Drinking Water
Supply Authorities and Ministry of Interior, Egypt

4, Advisor for the wastewater treatment processes for an Egyfptraarican
company.

IX. Contribution to Teaching and Learning Activities

1. As a member of University Committees including Council for Graduate and
Research Advisors.

2. Responsible for undergraduate teaching exam preparation and double marking
responsibilities.

3. Participate in thstudent advisory scheme and placement visits for Chemistry

students on annual bases.

4. Participated in curriculum design for MSc in Environmental Sciences.
5. Completed the staff developmetidffective Supervision; Computer Aided
Assessmentssessment for Quality of Teaching.

6. Taught on various courses/modules related to analytical chemistry for both
under and postgraduate students
X. Involvement in Technology and Knowledge Transfer

1. Participated as a reviewer in the "National Promotiom@dtee" for
academic staffs in Egyptian Universities.

2. Participated as an active staff member in the accreditation and Quality
Assurance for BSc degree in Chemistry degree for at KAU, Saudi Arabia and
Mansoura, Egypt Universities.

3. Internal reviewer forlte Accreditation and Quality Assurance for the
following three programs:

BSc of Environmental Science; BSc of Environmental Health; MSc in

Environmental Sciences at Faculty of Meteorology, Environment and Arid Land

Agriculture at King Abdulaziz U, SaudirAbia.

4. Internal reviewer for the Accreditation and Quality Assurdocéhe

following B.SC Chemistry programs at Faculty of Science at Hail U, Saudi
13



Arabia

5. During 19941995 (United Arab Emirates, Ministry of Education) and 2003

2004 (Ministry of

Education, Egypt) | became involved with other staff members in organizing

several chemistry lectures for secondary school post teachers and teachers in

various provinces in each country.

6. Regularly involved in providing laboratory experience for Secon8ahpol
teachers and students within the different labs at Mansoura Universities.

7. | have involved in organizing several scientific meetings to

i. Secondary school teachers in the province. A total of 4 aag visits

involving providing a laboratoryx@erience within four different labs within the

Department of Chemistry and organized presentations involving at least 6 members

of staff and the head of the Department. This was my initiative in trying to promote

the Department and enhance applicatiomffocal student in Chemistry and other

degree programmerii. Water Treatment chemists and technicians for

demonstrating classical tests for most well known common organic and inorganic

pollutants in water.
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Recognition and Merit Awards:

1. King Abdulaziz University Award for "Distinguished Scientist in
Research of the Year" (Chemistry, Jeddah, Saudi Arahia008, 2009, 2010,
2011, 2012.

2. ScopusAppreciation and Recognition for Excellence of Publishing in
Elsevier Publishing Compani#6 entries), King Abdulaziz University, 2008,
Ryadah, Saudi Arabia. .

3. "The Egyptian State Award of Recognition of the Year in
A Ch e mi Awarded' by the Acasimy of Scientific Research and
Technology, Ministry of Higher Education, Cairo, Eg\3@04.

4, Shoman Award for"Young Scientist of the Year" (Chemistry) in the
Arab World ", Amman, Jordan]1993.

5. "Perkin Elmer Award ", 18" Intern. Symp. on Chrom., Amsterta
the Netherlandsseptember 1823, 1990.
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Statement of the Achievements, Innovations, Novelty, and Impact

Among the 131published papers, conferences, workshops and other scientific
activities the following work stand out for it received great deal of interest from the
scientific community, solved problems for the industry, and contributed to the

health improvement of theemmunity:

1. Analysis of oxyions:

This class of chemicals is well known species but their determinations are not well
established. Thus, part of my work was focused on the development of new methods
for the determination of oxyions e.g. chromate, selersgienite, permanganate,
periodate, iodate, perrehanate, perruthanate, bismuthate, tungstate. This work has
resulted in publishing over 12 papers in ISl international journals with good impact
factor during 199€012. This work has received great attamfiom the scientific
community and | believe it added to our understanding of these species and helped
in a better detection and prevention of exposure from toxic ions. Our developed
method for the determination of Rg@vas used by Imperial Chemical Irstty

(ICI), one of the largest chemical companies in the UK to measure the rehenium
content in their alumina and carbon catalysts. Our work on chromate and
manganese and periodate and iodate has successfully used by Quality Control
Laboratories in analysisf manganese and chromium in British Steel and analysis

of iodine in Table salt.

2. Removal of heavy toxic metal ions and cyanide ions:

One of the very promising and rapidly developing novel industrial applications of
polymers is in the field of polymeric membrane separations employing
polyurethane foams (PUFs) for the production of pure chemicals and clean
effluents. Thus, part of my woskas focused on the removal of heavy toxic metals
and cyanide from industrial waste. This work has resulted in publishing over 30

papers in ISl international journals with good impact factor during 19902012. PUFs
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are very effective and economical. The wbds frequently cited in literature. This
work has resulted in a complete procedure that was adopted by Speria Egypt (A
chemical company). This work helped them to comply with Environmental
Protection Agency (EPA) of Egypt (Law 4 for Year 1994) requireserhis also

led to successful clearance of huge amounts of industrial liquid wastes which was
treated using the methods developed for removing heavy and toxic metals. Piles of

industrial wastes were cleared depending on this method.

3. Removal and determation of organic pollutants

Part of my work was focused on removal of preconcentration and removal of
organic pollutants e.g. phenols, aromatic amines, carboxylic acids, chlorinated and
phosphorous and chlorinated aromatic hydrocarbons from indugipatations
employing PUFs for clean effluents. This work has resulted in publishing over 10
papers in ISl international journals with good impact factor during-P288. The

work has frequently cited in literature.

4. Recovery of gold from waste:
We developed new methods for the recovery of gold from the liquid and solid
wastes of electroplating plant which was adopted by the gold industry in both Egypt

and South Africa. This work resulted in publishing more than 5 papers.

5. Health related applications

Hepatitis C is a severe liver condition that is considered an epidemic in Egypt, my
work on the development of a diagnostic method for HCV was adopted by the
largest hospital in our region and helped control this disease. Part of my work is
focused ontte separationf *°Y from its parent®Sr by Zirconiumvanadte Gel lon
Exchanger for medical use. Excellent radionuclidic purity and radiochemical purity
of the eluted®y were achieved. Part of the work was focused on analysis of a series

of drugs in drugormulations and wastewater samples. The overall work resulted
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in publishing 7 papers employing spectrofluormetry, voltammetry and neutron

activation analysis. Most of these methods are low cost and proceed in short time.

6. Amplification Reactions (Detarination and speciation of Metal ions: The
use of high fold chemical amplification reactions involving periodate
oxidation allowed us to develop new methods for the determination of many
metal ions and their speciation. These methods received greabattieomn
the scientific community and are now applied in many research labs and
industry especially in places with limited funding. This work has resulted in

publishing 6 papers.

7. Amplification of detection limits:

Many elements are very difficult to determine due to their very low concentrations
and complex matrices they are present in. We developed many new
preconcentration procedures involving low cost and effective solid sorbent
polyurethane foams that are nowopted by many researchers for determinations
and chemical speciation under these extreme conditions. This work resulted in
publishing over 10 papers and is frequently citedNd@:el approach for detecting
binuclear Cu species:

Our work on bulk cyclic vilammetry and thin layer cyclic voltammetry were the
first to employ this technique for confirmation of-fniclear copper complex
species. This work has resulted in publishing over 4 papers and is frequently cited.
This work opened the door for many adves electrochemistry field. This work
resulted in publishing over 8 papers and is frequently cited. One of these papers

was cited over 28 citations.

9. Work in metal accumulation in biological system:
My work on the interaction of hard toxic metal iomsh liver methioprotein in fish
was first to shed light on how metal ions interact or bonded with body chemicals

and accumulate in certain parts/ tissues. The paper resulted from this work is
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frequently cited in the literature (over 300 citations). Kmsl of work was of great
importance on assessing pollution of marine water by hard toxic metal ions and it

can be used as bioindicators of marine water by metal pollution.
10. Catalytic activity: My work on preparation of Ru complexes resulted in

publishing over 4 papers. Some of the complexes showed excellent catalytic

activity towards oxidation of primary and secondary alcohols.

| believe that these highlights show many innovations that resulted in actual

applications in industry, health, pollution control, and advancement of science
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University of

Strathclyde

Glasgow

SUBMISSION FORM: DEGREE OF DOCTOR OF SCIENCE

1.Name in ful. MOHAMMAD SOROR EL -SAEED EI- SHAHAWI

2. Full Postal Address:Department of Chemistry, Faculty of Science, King
Abdulaziz

University, P.O. Box 80203, Jeddah 21589, Saudi iarabmail

address malsaeed@kau.edu,sa

mohammad el shahawi@yahoo.co.uk

3. Complete either (a) or (b) below:

(a): Degrees of the University of Strathclyde, with dates of award

Doctor of Philosophy (Ph.D),1986

(b): Offices held in the University of Strathclyde, or in an institution in
association with the University of Strathclyde, with dates (If the status of your
candidature is in respect of (b) above, state here the degree or equivalent
gualifications which gu hold, with dates of awards.)

4. Details of present employer and post held

Please see details of Employment and Administrative Experience,
Recognition (Prize Merits), Reviewing, Community and University Services
in the CV.

i. Professor of Analytical and Eimtonmental Chemistry, Department of
Chemistry, Faculty of Science, King Abdulaziz University, Jed8aiptember
2005 to present, Kingdom of Saudi Arabia

il. Visiting Professor at the School of Environmental and Earth Sciences
(c/o Prof. E.P. Achterber2000, 2001, 2002, 20G& Plymouth U (School of

Ocean & Earth Science) and Southampton University (National Oceanography

21



Centre)iii. Visiting Professor at Institute Fir Chemie, Humbeoldihiverstat
Zu, Berlin (c/o Prof. W. Moritz), Berlimugusti October 2002, Germany

iv. Chairman of the Department of Environmental Sciences, Faculty of
Sciences at Damiatta, Mansoura University, Mansaamaary i July, 200Q

V. Consultant at the "Federal of Environmental Protection Agency"; Abu
Dhabi,September 526, 1999 United Arab Emirates. vi. Professor of
Analytical Chemistry, Mansoura University, Mansoudayvember 1996

2005, Egypt.

vii. Honorary Senior Visiting Professor and Research Fellow at the Department
of Environmental Sciences Sciences (c/o Prof. E.P. Achterberg), Plymouth
University, PlymouthJuly - August 1997, UK. viii. Professor of Analytical
Chemistry United Arab Emirates. Wersity, AlAin, Novembey 1996i
September, 1997, United Arab Emirates.

ix. Honorary Senior Visiting Professor and Research Fellow at the School of
Chemistry (c/o Prof. D. T. Burns), the Queen's University of Belfast, Belfast,
July-August 1995, Northern Irdand, UK.

X. Honorary Senior Visiting Professor and Research Fellow at Pure and
Applied

Chemistry (c/o Prof. W.E. Smith), Strathclyde University, GlasghuyAugust

1993, UK,

xi. Associate Professor of Analytical Chemistry, UAE. UniversityAd,
September 19911 November, 1996, United Arab Emirates xiiAssociate
Professor of Analytical Chemistry, Mansoura University, Mansaluig,
1991- September 1991, Egypt.

xiii. Lecturer of Analytical Chemistry, Mansoura University, Egypt, May 1986

July 1991, Egpt; Research Assistant at Pure and Applied Chemistry,

Strathclyde University, Glasgow, Scotland, U&eptember 1982 1986);

Research Assistant at the Department of Chemistry, Royal Holloway College,

London University, UK. (October 198April 1982); Demonstrator at the

Department of Chemistry, Mansoura University, Egypecember 1977

1981).
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5. Titles of works submitted published and/or unpublished.
(Published works should be listed chronologically, giving year and, in the case of

books, place opublication.

Attach a separate list if necessary.)

Please see the List of publications in CV. The list of Publication includes the

following items:

A. List of Papers Submitteahd / or Revised and/ or under Revision for
Publication in International Journals flanuscripts).

B. Papers Accepted and/ or published in International JourtizdsRull

papers): 125atrticles for reviewind1-125 and6 from M.Sc & Ph.D 12513])

C. Conferances Poster =32 Oral Presentation= 28, Workshops %) and
Meetings of Professional Societieg.(

D. Book Chapters publishedlfree Book Chapters arpublished in 1997,
2012and2013.

E. Three Books translated from English to Ara@imder review for
publication).

F. Supervisions: List of Ph.D (20) & M.Sc (32) thesis and B.Sc (>70)
studentss. Funded Projects: Good experience in project management and | have
attracted over 4000,000 $ US Dollars in research funds since 1992 via
participation as Pl and /or Gauthor in a number of research projects (Please see
details in CV)

H. Please see Research interest in the CV.

6. If you have already submitted any of the work to another Institution for a
Higher Doctorate, state the name of the tostin and date of submission

None / not applicable

7. Declaration:
| hereby declare that the work specified in section 5 above has been composed by
myself or, in the case of joint work(see note 2), that the attached statement
concerning the extent of collaboration is true and correct.

Signatur e é Mo h-Saead &8hah8va r Date E |
January 5, 2012
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The work or works submitted in candidature should be deposited with the
Secretary to Senate, together with this form, duly completed, and the fee of

*** (insert fee). (see notes overleaf)

NOTES :

I. A candidate for the degree of Doctor of Science shall subnei¢ sets of

published works togethevith any additional unpublished work atidee copies

of a summary of not more than 1000 words outlining the contents thBreof.
Candidates may submit work for which they have been jointly responsible
provided that such work is accompanied by a sigtattment clearly defining

the extent of the candidateds contribution to
lll. A candidate who has previously submitted the material or any part of it for
examination for a degree, including a Higher Doctorate, of the University or of
any otherinstitution must declare this on the submission form. A candidate
should not submit material which has been presented for a lower degree unless it
is considered that its omission would result in an inadequate representation of
the candidateds research.

Published articles from Ph.D & MSc Degrees (6) (Numbers 12531 entries)

in the list of publication.

Published work for reviewing 125 articles (1125 entries) in the list of

publication.
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List of Thesis Supervision

M. S. El-Shahawi
Professor of Analytical and Environmental Chemistry
Supervision of Thesis's and Dissertations (M. Sc. and Pih.Z»
M. Sc t BOawarded@as@ in(progress)i.20Ph . D t hesi so0s

(18 Awarded an@ in progresses)
|. Master of Science Theses

A. At King Abdulaziz University, Jeddah, Saudi Arabia

1. Name of the candidate Mr. Adel A. AFMalki (In progress)
Title of the thesis:

Retention Rofile and Chromatographic Separation of Trace Concentration of
Some Organic and Inorganic Contaminates in Industrial Wastewater and
Other Matrices by Nanosized Solid Phase Extractors

2.Name of the candidate Miss Rehab M. AHarbi (In progress)

Title of the Thesis

"Biosorption of Some Selected Heavy Metal ions by selected Local Algae"
3. Name of the candidate Mr. Waleed M. AlShawafi (Awarded, 2012)
Title of the Thesis

" Retention Profile, Chromatographic Separation and Determination of some
Water Soluble Inorganic Pollutants "

4. Name of the candidate Miss Rania M. Bashamy (Awarded 2011)
Title of the Thesis

"Spectroelectrochemical Behavior of Some Schiff Base Metal Complexes
and their Analytical Applications"

5. Name of the candidateMr. Maged Ba Muslam (Awarded 2011)

Title of the Thesis
AiDetermination of Antibacterial Activity in Relation to Antioxidant Power of

Locally Produced Honeyo
6. Name of the candidate: MissWegdan T . AlSaggaf (Awarded, 2009)
Title of the Thesis:

"Novel Methods for the Determination of Some Selected Persistent Inorganic
and Organic Pollutants in Different Matrices"
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7.Name of the candidate: MissMagdah R. AlOtibey  (Awarded, 2009)
Title of the Thesis

"Novel Methods for the Determination of Trace Concentrations of Some
Selected Biocomponent and Inorganic Species in Different Matriges"
Name of the candidate: Mrs.Tharawat N. Abdeljabba(Awarded, 2008)
Title of the Thesis

"Comparative Studies on the Chemical Constituents of Green Tea"

9. Name of the candidate Mr. Hakeem Qaid AArige  (Awarded,
2007 Title of the Thesis

"Novel Methods for Chemical Separation and Quantitative Determination of
Titanium and Lead in Food Studies and Industrial Wastewater"

10. Name of the candidate =~ Mrs. Effat A. Bahiddra (Awarded,
2007) Title of the Thesis

"Electrochemical and Voltammetric Determination of Sulfadiazine and
Spironolactone Drug®iTheir Pharmaceutical Preparations and Industrial
Wastewater"

11. Name of the candidate Mrs. Fatma M. AlShreef  (Awarded,
2007) Title of the Thesis

"Retention Profile, Chromatographic Separation and Chemical Speciation of
Gold (I1& 1) Employing Polyurethane Foam Solid Sorbent"

B. At United Arab Emirates University, United Arab Emirates
12.  Name of the candidateMr. Ali S. Al-Meqgbali, (Awarded,
1998) Title of the Thesis:

"Pre-concentration and Voltammetric Behavior of Some Water Soluble
Pesticides and their ~ Determination in Water and Plant Samples"

13. Name of the candidate Mr. Mehboob Hassan Saleh(Awarded,
1996)Title of the Thesis:

"Collection and Chromatographic Separation of Some Inorganic and Organic
Pollutants from Aqueous Media by Polyurethane Foams"

14.  Name of the candidate Mr. Rashed SaleAl-Mehrezi (Awarded,
1996)Title of the Thesis:

"Retention Profile and Chromatograpi@eparation of Some Inorganic and
Other Water Pesticides Using Polyurethane Foams and Other Extracting
Agents"
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15. Name of the candidate Miss. Mariam H. AlYousuf(Awarded,
1995)Title of the Thesis

"Determination of Heavy Metals in Adult and Juvenile Emgus,Lenthrinus
Lentijan Fish(Family: Linthrinide Toelostfrom the Arabian Gulf in United
Arab Emirates Coastal water"

C. At Al -Azhar University, Cairo, Eqypt

16. Name of the candidate: MissShreen K.H. AlZagzok (Awarded,
2008) Title of the Thesis

"Retention Profile and Chromatographic Separation of Some Inorganic lons
onto Polyurethane Foams and Other Extracting Agent"

17. Name of the candidate: Misdalia A.A. Al-Borsh (Awarded,
2007) Title of the Thesis:

" Retention Profile and Chemical Speciation of Some Metal lons Present in
Water Employing Polyurethane Foams and Other Extracting Agent”

D. At Menofia University, Menofia, Eqypt
18. Name of the candidate: MrAhmad T. Talaat, (Awarded, 2004)
Title of the Thesis:

" Preconcentration and Determination of Some Textile Dyes in the Industrial
Wastewater"

E. At Mansoura University, Mansoura, Eqypt
19. Name of the candidatdliss. Naglaa E. AlBrashly  (Awarded,
2007)Title of the Thesis

"Environmental Studies on the Removal and Degradation of some Water
Pollutants”

20.  Name of the candidate: Mr. Wael M. Mamdoh (Awarded,
2007) Title of the Thesis:

"Spectroscopic and Electrochemical Characterization of Some Metal
Complexes oD, O Donor ligands”

21. Name of the candidateMiss Halla A. Saleh (Awarded,
2006) Title of the Thesis

"Preparation, Spectroscopic and Electrochemical Characterization of Some
Thio- semicarbazide SchiffBase Metal Complexes"

22.  Name of the candidateMr. Fadel A. H. EiGandy  (Awarded,
2006)Title of the Thesis:
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"A Study on the Uptake of some Inorganic Pollutants Using Solid Sorbents"
23. Name of the candidate: Mr.Ahamed Abd EBassei(Awarded,
2005)Title of the Thesis:

"Synergetic of Some-#henylthiazole Derivatives on Preventing
Dezincification of alfaBrass in Acid Chloride Solutiohs

24. Name of the candidate: Mr.Yassser A. AlAshwahh (Awarded,
2005)Title of the Thesis:

"Spectroscopic and Electrochemical Chagaeation of Some Copper (I1)
Complexes

25.  Name of the candidat&lohammad A. Abdel Fadel (Awarded,
2004)Title of the Thesis

"Novel Methods for the Separation and Determination of Some Inorganic and
Organic Pollutants Present in the IndustrialStéavater".

26. Name of the candidate: Mr.Tamer A. EtMogy (Awarded,
2004) Title of the Thesis

"Electrochemical Behavior and Voltammetric Determination of Some
Pharmaceutical

Compounds in Aqueous Media"
27. Name of the candidate: Mr.Hossam M. Nassef  (Awarded,
2004) Title of the Thesis:

" Spectroelectrochemistry of Some Redox Systems at Optically Transparent
Thin Electrodes”

28.  Name of the candidate Mr. Mohammad Abdel Hay (Awarded,
2003)Title of the Thesis

"Kinetics, Reention and Thermodynamic Characteristics of Some Fission
Products onto Titanium (IM) Molybdate lon Exchanger and Other
Stationary Phases"

29. Name of the candidate: Mr.Hani A. Nassef (Awarded,
2002) Title of the Thesis

"Retention Profile and Determination of Some Water Soluble Organic and
Inorganic Pollutants Employing Polyurethane Foams and Other Extracting
Agents"

30. Name of the candidate: MrHassan A. Hassan (Awarded,

1993)Title of the Thesis:
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"Physicochenical Studies of Some Conducting Polynfiers

31. Name of the candidate: Mr.Abdelhamid M. Othman (Awarded,
1993) Title of the Thesis

"A Study on the Chemical Stability of Some Antibiotics"

32. Name of the candidate: Mrslman | Askar (Awarded,
1991) Title of the Thesis

"A Comparative Study on Some Methods of Chemical Analysis"

[l. Doctor of Philosophy, Ph. D

A. At King Abdulaziz University, Saudi Arabia

33.Name of candidate Mr. Ziab A. Al-Ariany I6 progress) Title
of the Thesis:

Novel Methods for Chromatographic Separation and Determination of
Inorganic and Organic complex Species in Different Matrices

34.Name of candidate Mr. Wagas A. Fadl Rabani In progress)
Title of the Thesis:

35.Name of canddate: Mrs. Amal M. AlBagawy Awarded, 2015)
Title of the Thesis:

Retention profile and Chromatographic Separation of Some inorganic
Pollutants from Aqueous Media by nanosized solid sorbent and other
extractors

36.Name of candidate Mr. NabeelH.A. Khraibah ~ (Awarded, 2015)

Title of Thesis:

Development of Novel Chemically Modified Electrodes for Electrochemical
Determination of Trace Amounts of Complex Species of Biochemical
Importance.

37.Name of candidate Mrs. Gharam I. Mohammad  (Awarded ,
2015) Title of Thesis:

Novel Electrochemical and Spectrofluormetric Methods for Analysis of

Selected Organic and Inorganic Species in Complex Matrices

38.Name of candidateMrs. Zinab M. Seqil Ayvarded, 2015)
Title of the Thesis:
Novel Methods for Minimization, Determination and Chemical Speciation of

Trace and ultra UltraTrace Concentrations of some Selected Heavy Metal ions
and Chlorophenols in In Industrial Wastewater and other Matrices
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39.Name of Candidate Miss Amal. A. Bahaffi (Awarded, 2013)
Title of the Thesis

"Novel Methods for the Determination and Separation of Trace
Concentrations of Some Inorganic Pollutants in Wastewater.

40.Name of Candidate Mr. Hamed H. Alsad
(Awarded, 2010)

Title of the Thesis

"Retention Profile, Chromatographic Separation and Quantitative
Determination of Ultra Trace Concentrations of Some Inorganic Pollutants
and Food Colorants in Aqueous Media and Food Stuffs"

41.Name of the candidate Mrs. Einas H. AlGhany (Awarded, 2010)
Title of the Thesis

"Novel Methods for the Chromatographic Separation and Voltammetric
Determination of Selected Inorganic Pollutants and Food Colors in Industrial
Wastewatéer

42.Name of the cadidate: Miss Iman A. Al-Harbyi (Awarded, 2010)
Title of the Thesis

"Novel Methods for the Chromatographic Separation, Chemical Speciation
and Determination of Some Inorganic and Organic Water Soluble Pollutants

B. At Mansoura University, Mansoura, Egypt

43.  Name of the candidate: Mrs.Neveen E. M. H. Eweda/Awarded
2009) Title of the thesis

"Radiochemical Studies on the Separation of Yttr@@rfrom Stroniur®0
Relevant to Cyclotron Produced Radionuclide

44. Name of the candidate: Mr.Khalid M. Mogbal (Awarded,
2006) Title of the Thesis

"Physicochemical Studies of Some Novel Organic Compounds and Their
Complexes”

45.  Name of the candidate Mr. Ali M. Dowidar, (Awarded,
2006 Title of the Thesis

"AdsorptionBehavior of Some Polyaromatic Hydrocarbons on Modified
Activated Carbon"

46. Name of the candidate Mr. Gamil A.A.M. Al-Hazmi, (Awarded,
2004) Title of the Thesis
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"Spectral and Electrochemical Studies on Thiosemicarbazone derivatives and
Their Metal Complexes.

47.  Name of the candidate: Mrs.Mervat A AbdetMageed Awarded,
2004)Title of the Thesis:

"Novel Methods for the Removal of Some Inorganic Pollutants Presém
Industrial Wastewater"

48.  Name of the candidate: Mrs.Nadia R. AbdeMouhty, (Awarded,
2003) Title of the Thesis

"Radiochemical Studies on the Preparation and Evaluation of Radioimmune
assay Systems of Thymoglobulin for Monitoring Thyroid Status™"

49 Name of the candidate: MrsMai M.A.Shanab (Awarded, 2003)
Title of the Thesis:

" Spectroscopic and Electrochemical Studies on Some Transition Metal
Complexes of Hydroxy-2-Acetonaphthone and its Schiff Basé§)!

Name of the candidate Mr. Mahmoud E{Tawoosy, (Awarded, 2001)
Title of the Thesis:

"Developmental studies on radio iodination of some organic compounds and
biomolecules”

51. Name of the candidate Mr. Abdal Gawad A Radi, (Awarded, 1993)
Title of the Thesis:

“Inhibition of Corrosion of Semiconductors Conjunctions in Aqueous
Electrolytes"

C. At the Queens University of Belfast, Belfast, UK

52. Name of the candidate Mr. Salem A. Barakat (Awarded 1992)

Thesis Title "Flow Injection Spectropitometric Techniques for the
Determination of Chromium and Manganese in British Steel"
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Funded Research Projects

A. Research Projects under International Collaboration

1. DFID Link project between Plymouth University i Mansoura
University (2000-2003)

LocalPl:" Wat er Quality in River Niled DFID I|i
Achterberg at "Plymouth University" and Prof. M.S-$&lahawi at "Mansoura
University", funded by DFID, British Council in Egypt, (26Q003).

Duration 3afs Starting date:

June 200QJune 2003 Amount
Awarded 25,000 British Pounds

Awarding Body DFID and British Council, Egypt

2. GEOMAR, Helmholtz Centre for Ocean Researc, Keil Germany: In
October 2012, | have participated effectively with Prof. Eric P. Acterberg at
GEOMAR, Helmholtz Centre for Ocean Research, 24148 Kiel, Germany in
getting a fund (1,150,000 $ US Dollars) of the researchqwal entitled:
Investigation of Novel Pollutants e.g. silver nanoparticles, Gallium, Lead,

Nickel, Vanadium and Nutrients in Jeddah Coastal Waters and Their

nk pr

Bi ol ogical Effectso between King Abdul aziz Uni

Helmholtz Centre for Gzan Research, Kiel.
3. Miami U, Miami, USA: In September 2012, | have participated effectively
with Prof. Rogers M. Leblanc (Cooper Fellow), Professor and Chair at the
Department of Chemistry, Miami U, USA in getting a fund (1,350,000 $ US
Dollars) of the esearch proposal entitled: Detection of Hepatocellular
Carcinoma (HCC) in ATRisk Groups by using biomarker alfafucosidas (AFU)
to screen and identify at risk groups for
between King Abdulaziz University, Saulliabia and Miami U, USA.

B. National Research Projects at King Abdulaziz, UmALORA, Taibah,

Mansoura and United Arab Emirates Universities, Saudi Arabia (20141

2012)
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1. PI: iPreparation and Characterization of Novel Schiff Bases and their
complexes with some Precious Group Metats

Duration: 9 moths, Starting date:

March 2012

Amount Awarded: 51,400 SR (Saudi Ryals)

Awarding Body: Deanship of Scientific Research, King Abdulaziz

University

2. Co author: iSuperheated Water as Eluent in Hightemperature High 1

Performance Liquid Chromatographic Separations of Steroids on a

Bonded C18 Columns

Duration: 9 moths, Starting date:
March 2012

Amount Awarded: 59,400 SR (Saudi Ryalshwarding

Body:

Deanship of Scientific Research, King Abdulaziz University.

3. Co author: "Determination of Essential Elements and Antibacterial

Activity in Relation to Antioxidant Pow er of Locally Produced Honey in

Kingdom of Saudi Arabiao

Duration: 9 moths Starting date:

March 2012

Amount Awarded: 62,000 SR (Saudi Ryals)

Awarding Body: Deanship of Scientific Research, King Abdulaziz

University.

4. Co author: " Soil Pollution Hazardous to Environment ": A Case study
on the chemical composition and correlation to automobile traffic of the

Roadside soil of Al_Madina Al_Monawarah City, Saudi Arabia

Duration: 10 moths Starting date:

October 2012

Amount Awarded: 50,200 SR (Saudi Ryals)

Awarding Body: Deanship of Scientific Research, Taibah University

5. Co author: " Retention Profile and Developing of Novel

Electrochemical methods for the determination of Precious Group
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Metalso

Duration: 10 moths Starting date:
October 2012

Amount Awarded: 59,200 SR (Saudi Ryals)

Awarding Body: Deanship of Scientific Research, Taibah University
6. PI: fiPreconcentration, Removal and Chemical speciation of
Chromium (Il & VI) in wastewater 0

Duration: 9 moths, Starting date:
March 2011

Amount Awarded: 61,250 SR (Saudi Ryals)

Awarding Body: Deanship of Scientific Research, King Abdulaziz
University.

7. Co author'Chemical Speciation of Trace Concentrations of Inorganic

Arsenic (lll, V) Species in Different Matrices by Stripping Voltammetryo

Duration: 9 moths,

Sta rting date: March 2011
Amount Awarded: 67,200 SR (Saudi Ryals)
Awarding Body: Deanship of Scientific Research, King Abdulaziz
University
8. Co author! Novel method for the Determination of bromate ion in

ozonated drinking watero

Duration: 9 moths, Starting date: May
2011
Amount Awarded: 67,200 SR (Saudi Ryals)
Awarding Body: Deanship of Scientific ResearchMAI-Qra
University.
9. Co author® Production of Sodium dichromate and extraction of PGEs from
Saudi chromite
Duration: 9 moths, Starting date: May
2011
Amount Awarded: 67,200 SR (Saudi Ryals)
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Awarding Body: Deanship of Scientific Rearch, King Abdulaziz

University

10. Co author: Comparative Studies of Chemical Constituents of Green Tea
Part I11: Analysis and Chemical Speciation of some Selected essential,
non essential metal ions and Phosphorous in Green Tea in the

Local Mar ket of Saudi Arabi a by Spect

Duration: 9 moths, Starting date:

March 2011

Amount Awarded: 72, 200 SR (Saudi Ryals)

Awarding Body: Deanship of Scientific Research, King Abdulaziz

University

11. PI:" Chemical Separation of Some Toxic Metal ions Present in

|l ndustrial Wastewater by Solid Station
Duration: 9 moths, Starting date:
March 2010

Amount Awarded: 63, 150 SR (Saudi Ryals)

Awarding Body: Deanship of Scientific Rearch, King Abdulaziz

University

12. PI: fiNovel Methods for the Determination of Ultra Trace Concentrations
of Some Selected Food Colorants in their Formulatioris

Duration: 9 moths, Starting date:

March 2010

Amount Awarded: 63, 150 SR (Saudi Ryals)

Awarding Body: Deanship of Scientific Research, King Abdulaziz

University

13. Co author: fAnalysis of Some Selected Chlorinated Pesticides in

Water and Food Stuffs by Differential Pulsei Cathodic Strippingo

Duration: 9 mots, Starting date:

March 2010

Amount Awarded: 73, 600 SR (Saudi Ryals)

Awarding Body: Deanship of Scientific Research, King Abdulaziz

University.
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14.Co author: fAComparative Studies of Chemical

Tea

Part II: Simultaneous Determination of Catechins and Caffeine in Green

Tea in the Local Market of Saudi Arabia using High Performance Liquid

Chromatographyo

Duration: 9 moths, Starting date:

March 2010

Amount Awarded: 67, 600 SR (Saudi Rals)

Awarding Body: Deanship of Scientific Research, King Abdulaziz

University

15.Co author: APreparation, Characterization of
loaded on activated local clay samples: Application in purification of
municipal and industrial wastewaters o

Duration: 20 moths, Starting date:

March 2010

Amount Awarded: 845, 000 SR (Saudi Ryals)

Awarding Body: The Center of Excellence of Environ. Studies (CEES), King

Abdulaziz U.

16.Co aut hor: nDevelopment of carbon nanotubes
monitoring the ultra trace concentration of carbon mongoxide in aird

Duration: 20 moths, Starting date:

March 2010

Amount Awarded: 746,000 SR (Saudi Ryals)

Awarding Body: The Center of Excellence of Environ. Studies (CEES), King

Abdulaziz U.

17. P 1 Radiochemical Pollutioni Spectrophot ometric and Vol tamn

Studies for the Chemical Speciation of Thorium lons in Water Employing

Some Selected Azo Compounds

Duration 9 month, Starting

date: Feb., 2009

Amount Awarded 71,00 SR (Saudi Ryals)

Awarding Body: Deanship of Scientific Research King Abdulaziz
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University

18. Co-Author : Preparation, Spectroscopic and Electrochemical

Characterizations of some Selected Schiff Bases and their Complexes with

Transition Metal ions

Duration 9 moths, Starting date Feb.

, 2009

Amount Awarded 66,500SR (Saudi Ryals)

Awarding Body Deanship of Scientific Research King Abdzia

University

19. Co-Author: "Designing and Synthesis of New Fluoroorganic Compounds
Bearing Heterobicyclic Systems in Searching of New Biocidal Reagents and

Chelating agents for Separation and Determination of Some toxic Elements in

Industrial Liquid Wate"

Duration 10 moths, Starting

date: Feb. , 2009.

Amount Awarded 79,900SR (Saudi Ryals)

Awarding Body Deanship of Scientific Research, King Abdulaziz

University

20. PI: " Separation and Chemical Speciation of Ultra Trace Concentrations of

Some Selected Toxic Metal lons Present in Industrial Wastewater Employing

Novel Derivatives of Thiazolidinone"

Duration 9 moths, Starting

date: Feb., 2009.

Amount Awarded 66,900 SR (Saudi Ryals)

Awarding Body SABIK International Company, Saudi Arabia

21. Co-Author: Comparative Studies of Chemical Constituents of Green Tea

Part 1: Simultaneous Determination and Health Benefits of some selected
Inorganic Anions in Green Ban the Local Market of Saudi Arabia by

Suppressed lon Chromatography

Duration 9 moths, Starting
date: February, 2009

Amount Awarded 90,900SR (Saudi Ryals)
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Awarding Body Deanship of Scientific Research, King Abdulaziz

University

22. CoTAuthor: Part |1 : fAPol arographic and Voltammetr.i
Novel Reactive Dye 4Tricyanovinyth y dr azone and some of 1its Der

Duration 9 moths, Starting date:

October, 2009.

Amount Awarded 81,900 SR (Saudi Ryals)

Awarding Body Deanship of Scientific Research, King Abdulaziz

University

23. Principal Investigator: Proposal Title: Pre concentration, Determination
and Chemical Degradation of some Selected Nutrients Part 1:
Preconcentration and Chemical Degradation of Inacgach Organic

Phosphate in Sdaand Industrial Wastewater

Duration 9 moths, Starting date: Feb.
,2009

Amount Awarded 60,900SR (Saudi Ryals)

Awarding Body Deanship of Scientific Research, King

Abdulaziz University
24. Principle Investigator: Environmental Chemistry IV: Novel

Preconcentration and Voltammethtethods for the Determination of
Titanium and Lead lons in Selected Food Stuffs and Wastewater Samples".
Duration 9moths,

Starting date: February, 2008.

Amount Awarded 71,800 SR (Saudi Ryals)
Awarding Body SABIK International Company

25. Co-Author: "Environmental Chemistry Ill: Retention Profile,
Chromatographic Separation and Chemical Speciation of Gold (I & Ill) lons
from Liquid Wastes".

Duration 9moths, Starting

date: Feb., 2008.

Amount Awarded 80,800 SR (Saudi Ryals)

Awarding Body Deanship of Scientific Research, King
Abdulaziz University
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26. Co-Author: "Synthesis, Specific and Voltammetric Studies on some Novel
Spiro-Thiazolidinone Steroids Derived from Sulfa Drugs and their Analytical
Applications in Industrial Wastewater".

Duration 10 moths, Starting

date: Feb., 2008

Amount Awarded 76,300 SR (Saudi Ryals)

Awarding Body SABIK International Company

27. Co-Author: "Analysis of Uranium in Local Phosphate Fertilizers in
Kingdom of Saudi Arabia".

Duration 9 moths, Starting

date: Feb., 2008

Amount Awarded 75,100 SR (Saudi Ryals)

Awarding Body Deanship of Scientific Research, ngi Abdulaziz

University

28. Co1 Author: " Synthesis of some Novet Acyl /benzoyl-1-anilido-
4methytbutadiene Derivatives as Trapping Chelating Agents for Trace
Separation and Subsequent Determination of Heavy Metals in Industrial

Wastewater"

Duration 9moths, Starting

date: Feb., 2008

Amount Awarded 71,800SR (Saudi Ryals)

Awarding Body SABIK International Company

29. PI: "Environmental Chemistry: Environmental Studies on Developing

Novel Methods for the Determination of some Drug Residues in Pharmaceutical

Formulations and Industrial Wastewater and Their Impacts Using Adsorption

Voltammetry".

Duration 9moths, Starting date:
Feb., 2008

Amount Awarded 65,600SR (Saudi Ryals)

Awarding Body SABIK International Company

30. Coi Author: "Mineral Processing and Extraction of Rare Earth Elements

from the Wadi Khamal Nelsonite Ore, northwestern Saudi Arabia.
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Duration 6 moths, Starting date: May
2008

Amount Awarded 51,800 SR (Saudi Ryals)
Awarding Body Deanship of Scientific Research, King Abdulaziz
University

31. Co Author:Proposal title: "Spectroscopic Characterization,
Electrochemical and Catalytic Activity of Some Novel Schiff Bases and Their
Palladium (I1), Ruthenium (II) and Rhodium (Ill) Complexes".

Duration 6 moths, Starting
date: May 2008

Amount Awarded 45,200 SR (Saudi Ryals

Awarding Body Deanship of Scientific Research, King Abdulaziz
University

32. Coi Author: "Synthesis of Novel Heterocyclic Organic Compounds
Containing Sulfur Ntrogen, and Oxygen and their Metal Complexes as
Treatment reagents for Dengue Feaed their Applications Against Aedes
and Culex in Jeddah, Saudi Arabia

Duration 9moths, Starting date:
Feb., 2008.
Amount Awarded 51,800SR (Saudi Ryals)

Awarding Body
Deanship of Scientific 8search, King Abdulaziz University
33. PI: "Spectroelectrochemical Studies on Some Redox Systems of Some

Organic and Inorganic Color Pigments".

Duration 9 moths, Starting date:
March,2007.

Amount Awarded 79,800SR (Saudi Ryals)

Awarding Body SABIK International Company

34. Co-Author : "Fertilizer Pollution Hazardous to Human Life: A Case Study on
the Analysis and Separation of Some Essential and Toxic Trace Metal
lons Present in Selected Fertilizers in Jeddah Market, Kingdom of Saudi

Arabia"
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Duration 9 moths, Starting
date: March, 2007

Amount Awarded 81,800SR (Saudi Ryals)

Awarding Body SABIK International Company

35. Coi Author: Proposal title: "Green Chemistry I: Synthesis of Novel
Cyclic and Norcyclic Organic Compounds Containing Nitrogen, Sulfur and
Oxygen for Theiuse in the Separation and Subsequent Determination of
some Toxic Trace Heavy Metal lons in Industrial Treated Wastewater in
Jeddah city".

Duration 9 moths, Starting date
March, 2007.

Amount Awarded 77,800SR (Saudi Ryals)

Awarding Body SABIK International Company

36. PI "Project entitled: Environmental Chemistry INovel Methods for the
pre-concentration, Separation and Determination of Some Trace Toxic Heavy

Metal lons in Coastal and Industrial Waste Water Samples in Jeddah".

Duration 9 moths, Starting date:
March, 2M@6.

Amount Awarded 78,200SR (Saudi Ryals)

Awarding Body SABIK International Company

37. Principal Investigator: Proposal title: i Q WAssuranteyand
Accreditation Program (20042005)", (QAAP) A/MAN/3/09

Duration 3 years Starting date
January 2005

Amount Awarded 150,00 Egyptian Pounds

Awarding Body Ministry of Higher Education, Egypt

38. Coi Author: " Determination of Heavy Metals in Soil around Industrial
Areas of the United Arab Emirates"”, UAE University, Research Council,
United Arab Emirates, 1991995.

Duration 12 month Starting
date: October 1995 Amount Awarded
15,000 Dir hamos,
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Awarding Body Research Council at United Arab
Emirates U

39. Coi Author: "Determination of Some Pharmaceutical Drug Containing
Purine Derivatives Using Adsorpti@tripping and Spectrophotometric

Methods of Analysis"

40. Duration 10 month Starting
date: October 1994 Amount
Awarded 10, 000 Dirhamos
Awarding Body Research Council at United Arab
Emirates U

41. PI" Application of Spectroelectrochemical Techniques in Studying

Various Redox Systems of Naturally Occurring Ligands and their Metal

Complexes n vi voo UAE University, Research Counci l
1992.

Duration 10 month Starting date:

March, 1993 Amount Awarded

10, 000 Dirhamo6s,

Awarding Body Research Council at United Arab

Emirates U

42. " Extraction, Recovery and Separation of Some Inorganic and Organic

Pollutants by Chromatograpticn d EI|l ect r ochemi cal Techniques?o
Duration 10 month Starting date:

October 1994

Amount Awarded 1,0 Dirhamos

Awarding Body Research Council at United

Arab Emirates U

43. Coi Author: " Electrochemical Studies of Polynuclear Copper Protein

Model o

Duration 10 month Starting date:
October 1992 Amount Awarded
10, 000 Dirhambs

Awarding Body Research Council of UAE University
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44. Coi Author: " Determination of Heavy Metals in Soil around Industrial
Areas of the United Arab Emirates”, UAE University, Research Council,
United Arab Emirates, 1991995.

Duration 12 month Starting date
October 1995 Amount Awarded
15,000 Di rhamos

Awarding Body Research Council at UAE University

45. Co1 Author: "Determination of 8me Pharmaceutical Drug Containing
Purine Derivatives Using Adsorption Stripping and Spectrophotometric

Methods of Analysis",

Duration 10 month Starting date
October 1994 Amount Awarded
10,000 Di r hamos,

Awarding Body Research Council at UAE University

46. P1" Application of Spectroelectrochemical Techniques in Stuglyi

Various Redox Systems of Naturally Occurring Ligands and their Metal

Complexes in vivoo UAE University, Res
1992.

Duration 10 month Starting

date March, 1993 Amount

Awar ded

Awarding Body Research Council of UAE

University

47. 1" Extraction Recovery and Separation of Some Inorganic and Organic
Pollutants by Chromatographic and EI

Duration 10 month Starting date Oct.,

1994

Amount Awar ded

Awarding Body Research Council of UAE University

48. Coi Author: " Electrochemical Studies of Polynuclear Copper Protein

Model o

Duration 10 month  Starting date
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October 1992 Amount Awarded
10, 000 Dir hamos,

Awarding Body Research Council of UAE
University
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Curriculum Vitae

Professor M. S. EiShahawil:

Personalt
Birth date October 2, 1953
Nationality Egyptian
Marital Status: Married with four
Home Tel/Fax: Egypt: Home : 002 05@230344; Work: 00057 2403866;
Mobile: 00201223238742
Saudi Arabia:, Home: 0096&753772; Work 6952000/644.
Fax0096626952292
Contacts Email:malsaeed@Kau.edu.9dpbile: 009660551691130
mohammad_el_shahawi@yahoo.co.uk
Permanent address Mansoura University Residence Staffs, Mansoura, Egypt

Il. Education and Professional Qualifications:

1. D.Sc2013: Strathclyde University, Glasgow, U. K., Thesis title:

fiPhysicochemical Studies on Spectroscopic and Electrochemical

Characterization, Preconcentration, Separation, Determination and / or

Chemical Speciation of various Inorganic and Organic complex species

in Different Media

2.Ph. D.1986: Strathclyde Universy, Glasgow, U. K., Thesis title:
ASpectroscopic and El ectrochemical C

Met al Compl exeso.

3. M. Sc.198Q Mansoura University, Egypt, Thesis title:

ASeparation and Determination of some

Aqueous Solutions Employing Pol yureth

4. B. Sc. 1975Special Chemistry, Mansoura University, Egypt

[1l. Employment and Adminstrative Experience

A. Employment Experience

November 1996 Present
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1. September 2005 present

Professor of Analytical and Environmental Chemistry, Department of
Chemistry, Faculty of Science, King Abdulaziz University, Saudi Arabia and
Mansoura University, Egypt.

2. Sepember 1997 Auqust 2005:

Professor of Analytical Chemistry, Department of Chemistry, Faculty of Sciences
at Damiatta, Mansoura University, Mansoura, Egypt.

3. December 1999 present

In December, 1999, | have promoted to Professor of Environmental and
Analytical Chemistry at the Department of Environmental Sciences, Faculty
of Sciences at Damiatta, Mansoura U, Mansoura, Egypt.

4. November 1996 August 1997

In October 11, 19961 have promoted to Professor of Analytical Chemistry

and | have continued my contract at the Department of Chemistry, Faculty of
Science, UAE University, United Arab Emirates ugseptember 7, 1997

5. September 198G October 1996

i. August 19911 October 1996:

Associate Professor of Analytical ChemistDepartment of Chemistry,

Faculty of Science, UAE University, United Ar&nirates.

ii. April 1986 7 July 1991:

Lecturer of Analytical Chemistry at the Department of Chemistry, Faculty of
Sciencest Damiatta, Mansoura

University, Mansoura, Egypt.

6. December 1977 March 1986:

i. September 1982 March 1986:

Research Assistant at Pure and Applied Chemistry, University of Strathclyde.

Ph.D research was supported by the Egyptian Governi@eptgmber
1982- 1986. The research work was under the supervision of Prof. D.H.
Brown and Prof. W.E. Smith. Prof. W.E. Smith) thesi€ctober 19811
September 1982
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- Research Assistant at Department of Chemistry (Bourne Haber
Laboratory) , Royal Hitoway College, University of London U, UKiii.
November 1980' October 1982:

Teaching Assistant at Department of Chemistry, Faculty of Education,
Mansoura U, Mansoura, Egypt

iv. November 1977 November 1980:

Demonstrator and research assistant gaiienent of Chemistry, Faculty of

Education, Mansoura U, Egypt.

B. Administrative Experience:

Chairman of the Department of Environmental Sciences, Faculty of Sciences
at Damietta, Mansoura University, Mansoura, Egff¢bruary i July
1999).

C. Consultancies and Recognition:

1. Lead Guest Editing of one of upcoming Special Issues for International Journal
of Analytical Chemistry, Hindawi Publishing Corporation
2.M.S. EFShahawi, A. A. AlSibaai, A.S. Bashammakh, H.M.-8laidi and
E. A. Assirey
AFast, Selective Removal and Deter min
Water by Procaine Hydrochloride Immobilized Polyurethane Foam Packed
Column Prior to Inductively Coupled Plasi®ptical Emission
Spectrometryo A Book CRapeér Ednt drath
"Polyurethane", ISBN 97953 307-642-2. In Tech, Open Access publisher in
the fields of science, technology and medicine.
3. Consultant at the Centre of Excellence in Environmental Studies (CEES),
King Abdulaziz University, Jeddah, Saudialbia (2009 present).
4. External Reviewer of Scientific merits of projects submitted to the Deanship
of Scientific research, King Saud University, 2G08resent.
5. External Reviewer of Scientific merits of projects submitted to the Deanship
of Scientific esearch, Taeif, Tibah (AMadinah Al Minawara) and King
Abdulaziz Universities, Saudi ArabiaD07-2011.

6. Sponsor on a AWorkshopo "Demonstratdi
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Applicable Procedures for Detection and Semi quantitative Determination of

Trace Metalons in Watef'Oral Presentation and Experimental Evidences

The 19" International Conference of Chemical Education in Chemistry and

Global Environmental Change", Cairo, August4, 1998, Egypt.

7. Was invited as an external consultant and visiting peafieto Federal
Environmental Protection Agency (FEPA), ABdnabi, United Arab Emirates
during the period of FebruaryMarch, 2004 and Augu$tSeptember, 1999.

8. Was invited by the Deputy Dean of Environmental Affairs, Modern Academy
of Science and cardeout a one day work shops (over 5) for the Directors and
Environmental Directors of well known industrial companies in Egypt

9. Member of the Experts of the "Reviewer Panel for Ministry of Higher
Education”, Higher Promotion Committee to Associate Professady or
Professor of Academy of Scientific Research and Technology, Ministry of
Higher EducationEgypt.

10.Consultant for Damietta Port Authority, Damietta, Egi$®932000and the
Egyptian Ministry of Interio2001

11.Consultant for wastewater treatment at the EgypNarerican pigment
company (SPREA MISR), Cairo, Egypt, 1999.

12.Consultant for treatment station of Drinking water supply at Damiog&
1990, 2001 Egypt

13.General Chemistry Advisor at Zaid Il Military Gege, United Arab
Emirates, 1992, 1993.

14.Was invited to write a Chapter entittetinloaded and Specially Treated
Polyurethane Foams as Solid Extractor in Separation Sciences and their
medical Applications" To be submitted in M.Y. Abdelaal "Poly
Functiondized Polymer and their Medical Applications" , Sign Post
Publishers2009.

15.Was invited by Prof. Dr. S. A. IgbaGhief Editor and Publisher of the
international research Journals: Oriental Journal of Chemistry,

Materials Science Research IndiaCurrent World Environment and Oriental

Journal of Computer Sciences and Technology to contribute an article (write

up) entittedil denti fi cati on and Estinthati on
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international book entitted Pol | uti on: The Ugly Face

SignPost Publisher009.

D. Scholarships and Collaboration with International Research Activity

Scholarships:

1.  Visiting Professor at the School of Environmental Sciences, University
of Plymouth, Plymouth(JanuaryFebruary 2003) under DFID and British
Council Fund, Cairo, Egypt.

2. Visiting Professor at Institute Fir Chemie, Humbeldhiverstat Zu
Berlin, Berlin,(Augusti October 2003 Under Deutsche
Forschungsgemeinschaft (DFG)Fund, Germany.

3. Research followat the School of Environmental Sciences, Plymouth
University, Plymouth July - August 2003 under DFID and British Council
Fund, Cairo, Egypt.

4, Visiting Professor at the Department of Environmental Sciences,
Plymouth University, Plymouthl(ily- August 200Q under DFID and British,
Cairo, Egypt.

5. Honorary Senior Visiting Professor and Research Fellow at Department
of Environmental Sciences, Plymouth University, Plymougbuly-
September 1997)Funded by British Council, AbDhabi, United Arab
Emirates.

6. Honormary Senior Visiting Professor and Research Fellow at School of
Chemistry, the Queen's University of Belfast, Belfast, Northern Irlariy-
August 1995)Funded by British Council, AbDhabi, United Arab Emirates.

7. Honorary Senior Research Fellow at Puamed Applied Chemistry
Strathclyde University, Glasgow, Scotlaglily T August, 1993)Funded by
British Council, AbuDhabi, United Arab Emirates.

8. The International Exchange of Fulbright and Peace Scholars ships
Programs, University of Texas at Austit§9l (C/O A.J. Bard). These two
scholar ships were canceled due to my contract with UAE Univai$&$.9.
Research Assistant at the Department of Chemistry, Royal Holloway College,
University of London(October 198XApril 1982) Funded by Ministry of
HigherEducation, Cairo, Egypt.
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IV: Prizes: Recognition and Merit Awards

1. King Abdulaziz University Award for "Distinguished Scientist in
Research of the Year" (Chemistry, Jeddah, Saudi Arahia008, 2009,
2010, 2011, 2012.

2. ScopusAppreciation and Recognith for Excellence of Publishing in
Elsevier Publishing Compan{46 entries), King Abdulaziz University,
2008, Ryadah, Saudi Arabia. .

3. "TheEgyptian State Award of Recognition of the Year in

i Ch e mi Awanded by the Academy of Scientific Research and

Technology, Ministry of Higher Education, Cairo, Egy3@04.

4. Shoman Award for"Young Scientist of the Year" (Chemistry) in the
Arab World ", Amman, Jordan}993.

5. "Perkin Elmer Award ", 18" Intern. Sympon Chrom., Amsterdam, the
NetherlandsSeptember 1823, 1990. VResearch Interest

The overall area of my research is focused on the following four categories:

1. Application of untreated and physically treated polyurethane foams (PUFS)
and other solid lpase extractor e.g. active carbon, local clay and date pits
for separation, determination and chemical speciation of trace
concentrations of toxic and non toxic metal ions and organic pollutants in
complicated matrices using batch, flow and pulse moflesparation.

2. Application of nanosized solid phase extractor (SPE) and solid phase
microextraction (SPME) e.g. nanosized®egtreated for PUFs, nanogold
treated PUFs, nano ZnO treated PUF, argDkFehemically impregnated
clay and clay minerals in batclflow and pulse modes for separation,
determination and chemical speciation of trace concentrations of toxic and
non toxic metal ions and organic pollutants in complicated matrices.

3. Application of conventional liquidiquid (LL) extraction, cloud point
microextraction and dispersive liquidiquid microextraction techniques
(DLLME) techniques for separation, determination and chemical speciation
of trace metal ions, food colors, biogenic amines and phosphorous

pesticides in complex matrices.
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4. Assessmenof pollution level in fresh water (River Nile) and marine water
(Red sea and Arabian Gulf post and after Gulf War I) and fish organs as bio
indicators.

5. Determination, chemical speciation of trace metal ions and oxyions of Cr,

Ru, Bi, W, As, Sb, Au,, et c and for measurilhng th

fucosidase as tumor marker employing:

I. High fold chemical amplification reactions involving KiQii.

Extractive spectrophotometrc; iii. Extractive and nextractive

spectrofluorometric techniques.

6. Developing of simple, selective and cosffectiveness voltammetring

methods for precise determination and speciation of ultra trace concentrations

of metal ions, food colorants, -@mzyme Qo pesticides,antiancer -dr ugs,

blockers drugs, steroids and persistent organic pollutants (POPS) in complex
matrix e.g. wastewater, pharmaceutical formulations, drug residue in
wastewater, etc using glassy carbon electrode (GCE), hanging mercury
dropping electrode (HMDEJnd nano composite surface modified GCEs.

7. DevelopingDualwavelemyth b-correction spectrophotometric methods

for analysis of trace conceatrons of CN, Th, Bi and Hg ions in industrial

wastewater effluents.

8. Total determination and speciation of trace metal ions and some selected

inorganic ions e.g.'FCI, SO%, NOs, NO.-, C&*, Mg?*, AI®*, K*, Na*, NH4*

in total suspended matter (TSP), BMnd PM s in air aerosols.

0. Preparation and fully characterization of a series of optically active and

non active transition complexes of biological and industrial applications using

a seies of spectroscopic (UVisible, IR, NMR), electrochemical (Cyclic

voltammetry, Coulometry) , thermal analysis and elemental analysis.

10. Studying the spectroelectrochemical behavior using thin layer cyclic

voltametry, thin layer coulometry and opticallyarisparent thin layer

electrochemical cells OTTLES) for characterization and quantification of a

series of various redox systems e.g. metal complexes, anthraquinones, etc.

Teaching (Institutions and Courses): A.

Undergraduate Courses
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At Egyptian (19861991; 19972005); United Arab Emirates (199D97)
and Saudi Arabian (2008012) Universities:

1. General Chemistry (101, 102) 2. General
Chemistry for Engineering

3. Classical Analytical Chemistry 4. Instrumetal
Analysis

5. Separation Methods 6. Selected

Topics in Analytical Chemistry
7. Industrial Analysis 8. Solid and Liquid Wastes
9. Electro analytical Methods
10Research Projectsll (Level 4) B.
Postgraduate Courses:
At Egyptian (19861991; 19972005); United Arab Emirates (199D97)
and Saudi Arabian (2008012) Universities:

1. Advanced Chemical Methods of Analysis 2. Chromatographic
Methods in Chemical Analysis

4. Selected Topics in Analytical Chemistry 4. Environmental
Chemistry

5. Teaching and Education of Analytical ChemisByTitrations in Nonaqueous
Solvents
7. Advanced Electrochemical Techniques

C. Conferences, Workshops and Meetings of Professional Societies

Posters 32 Entries

Oral Presentations 28 Entries

Workshops: 2 Entries

Meeting of Professional Societie Entries

1. 1st International Conference and Exhibition on Sustainable Water Supply
and Sanitation, July 287, 2010, Cairo, Egyt. Determination of Trace
Cyanide lons Using the Novel Reagen23oxoindolin-3-ylidenamino)
2thioxo-5-dihydro-1,3-thiazine4,6-dioneand the DualWavelength

OCorrection Spectrophotometry.
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2.1% International Symposium on Analytical Chemistry for a Sustainable

Development, March119, 2010, Mohammedia, Morocco.

3. Chemical Speciation of Arsenic (Il & V) in Water Samples by Adsorptive

Cahodic Stripping Voltammetry and Some Complexing Agefits.1

International Symposium on Analytical Chemistry for a Sustainable

Development, 1-19 March 2010, Mohammedia, Morocco.

4. Retention Profile of Cadmium (ll) onto Polyurethane Foam Physically
Immobilized with Some Basic Dyes!international Conference and
Exhibition on Sustainable Water Supply and Sanitatior 23uly 2010,
Cairo, Egypt.

5. Determination and Chemical Speciation of Ultra Trace Concentrations of

Titanium with Some Selected Complexing Agents by Adsorptive Cathodic

Stripping Voltammetry.

10" International Conference on Chemistry and Its Role in Development, 1621

March 2009, Mansoura & Sharm-Eheikh, Egypt.

6.10th International Conference on @fistry and Its Role in Development,

March 1621, 2009, Mansoura & Sharm-Eheikh, Egypt

7. 8" International Symposium on New Trends in Chemistry dfid 2

Congress of African Societies of Chemistry7 3anuary 2009, Cairo, Egypt.

8. 1. Ismail, M. Kadi anaM . EI-Shahawi

AEl ectrochemical B eadnsimevaizoollt chetafe and itsa n i u m

Analytical Application for the Analysis of Ultra Trace Concentrations of

Uranium in Marine and Underground water SampléBbster Presentation”,

the 216" ECS Meeing - Vienna,October 4- 9, 2009, Austria

9. Eman A. AHHarb#, A. Hamza, A. S. Bashammakh. A. Alsibaai and\V.S.

El-Shahawi

"Square Wave Stripping Voltammetric Determination of Malathion
Pesticides in Different Matrice$Oral Presentation" , The Flinternational
Conference on Chemistry , Taibah University;M&dinah AFMinawara,March
22-25, 2009, Saudi Arabia.
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10.Hammed M. AJfSaid'f*, A. Hamza, A. S. Bashammakh, A. A. Alsibaai and
M.S. El-Shahawi

"Retention Profile, Kinetic Characteristics and Sequential Determination of
Bismuth (111) Employing Unloaded and Immobilized Procaine
Hydrochloride-Polyurethane Foams"

"Poster Presentation ", The F'International Conference on Chemistry ,
Taibah Unversity, AFMadinah AFMinawarg March 22-25, 2009 Saudi

Arabia.

11.Eman A. AtHarb, A. Hamza, T.A. Amirah, ant¥l.S. El-Shahawi
"Chemical Speciation of Selenium (IV & VI) species by Adsorptive Cathodic

Stripping Voltammetry "Oral Presentation", The ® International
Conference on Chemistry , Taibah UniversitysMddinah AFMinawara,
Saudi ArabiaMarch 22-25, 2009, Saudi Arabia.

12.Majdah R. Otailfi A. S. Bashammak!s.0. Bahaffi andl.S. EIShahawi

"Chemical Speciation of Arsenic (Ill & V) species by Adsorptive Cathodic
Stripping Voltammetry and Some Complexing Agents”

"Poster Presentation ", The Flinternational Conference on Chemistry ,
Taibah University, AIMadinah AFMinawara,March 22-25, 2009, Saudi
Arabia.

13.Wejedan T. AlSaggaf', A. Hamza, A. S. Bashammakh aldS. ElShahawi

"Cathodic Stripping Voltammetric Determination of Some Persistent

Organochlorinated Pollutants in Water and Sediments: An Interlaboratory Study"
"Oral Presentation", The ®'International Conference on Chemistry

, Taibah University, AMadinah AFMinawarg March 22-25, 2009 Saudi
Arabia.

14.A.G. Hamza, S.O. Bahhaifi.N. AbdulGabbar and.S. El- Shahawi
"Simultaneous Analysis of Catecins and Caffeine in Greznbly High
Performance Liquid ChromatograpHhyPoster Presentation ", The 1@
International Conference on Chemistry and its Role in Development,
MansouraSharm EISheikh,March 16-21, 2009, Egypt

15.M.W. Kadi*, A. S. Bashammakh aid.S. El-Shahawi

"Determination of Trace Thorium using some Selected Azo Reagents and the
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Dual-Wavel ength b Cor r ec"PasteriPresematiant r op h ot

", The 10" International Conference on Chemistry and its Role in

Development, Mansow&harm E{Sheikh,March 16-21, 2009, Egypt

16.S. Bashammakh, A.l. Abibaai, H. K. AlArige andM.S. El- Shahawi

Determination and Chemical speciation of ultra Trace concentrations of

Titanium with some Selected Complexing Agents by Adsorptive Cathodic

Stripping Voltammetry"Poster Presentation”, The 1" International

Conference on Chemistry and its Role in Development, Mansthaem

EISheikh, March 16-21, 2009, Egypt.

17.M. S. T Makkf, R. M.AbdetRahman and.S. EIl-Shahawi "Synthesis of
Novel Cyclic and Norcyclic OrganicCompounds Derived from Dithioic
Formic Acid Hydrazide and Thiocarbohydrazide and Analytical
Applications""Poster Presentation ", The 10" International Conference on
Chemistry and its Role in Development, Manse8harm EISheikhiarch
16-21, 2009, Egypt

18.A. Hamza, A. S. Bashammakh, A. Al-Sibaaj H.M. Al-Saadi andJ.S.

El-Shahawi

Part Il " Determination of Trace Cyanide ions using the Novel reagg2t 3

-oxoindolin- 3 -ylidenamino)- 2 - thioxo- 5-dihydro-1, 3thiazine4, 6dione

and the Dual Wa v e | e n(Q@ptrdetion Spectrophotometrifoster

Presentation ", The 8" International Symposium on New Trends in

Chemistry and " Progress of the Federation of the African Societies of
Chemistry (FASC) and the Chemistry in the National Development, Cairo
University, CairoJanuary 3-7, 2009 Egypt.

19.M.W. Kadi andM.S. El-Shahawi

"Determination and Chemical speciation of ultra Trace concentrations of
Uranium with some Selected Complexing Agents by Adsorptive Cathodic
Stripping Voltammetry",Poster Presentation”, International Conference
on Radioanalytical Chemistry, Lisborfgeptember 712,2008, Portogal.

20. H. O. AFWael, A. S. Bashammakh aMl S. EI-Shahawi

"Simple Liquid-Liquid Extractive Spectrophotometric Procedures for the

Determination of the Thiocyanate lons Employing the lon Pair Reagent
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Amiloride Monohydrochloride"

"Poster Presentatiort, The 9" International Conference on Chemistnda

its Role in Development, Mansou&harm EISheikh,April 14-17, 2007,

Egypt.

21 A. S. Bashammakh and H. K.-Adrige andM. S. El-Shahawi

Thoron I, a New Complexing Agent for Lead Speciation in Food Stuffs and

Waste and natural water Samples by Adstive Cathodic Stripping

Voltammetry at The Hanging Mercury Drop Electrodebdster

Presentation ", The 9" International Conference on chemistry and its role

in development Mansow@&harm EISheikh,April 14-17,2007, Egypt.22.

A. S. Bashammakh and H. K. -Arige andM. S. EI-Shahawi

"ICP-AES Determination of Titanium (IV) in Marine and Wastewater

Samples after Preconcentration onto Unloaded and Reagent Immobilized

Polyurethane Foams Packed Columns”,

"Poster Presentation ", The 13" B NNASS, Pasily, Glasgowuly 10-13,

2006 Scotland, UK,

23.Effat A.Bahaidarah,* Abdulaziz S.Bashammakh &h&. EI-Shahawi
"Adsorptive Cathodic Stripping Voltammetric Determination of

Spironolactone drug in Pure Form and in Pharmaceutical iatggraat the

Hanging Dropping Mercury Electrode'Oral Presentation" , The £

International Conference on Chemistry and its Role in Development, Makka,

April 14-17, 2007, Saudi Arabia.

24.M.S. El-Shahawi andH.M. Nassef

"Spectroelectrochemical Behaviour of Some Schiff Bases Metal Complexes
Containing Benzoin Moiety and Their Complexes"

"Oral Presentation" The 8" International Conference on Chemistry and its
Role in Development, Mansou&harm E{Sheikh,April 14-17, 2005,

Egypt.

25.M.S. El-Shahawi M.A. Al-Sonbati

"Retention Profile, Kinetics and Sequential Determination of Selenium (1V)
and (VI) Employing 4,2 Dichlorodithizone Immobilized Polyurethane

Foams".
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"Oral Presentation”, The 8" International Conferenaen Chemistry and its
Role in Development, Mansou&harm EiSheikh,April 14-17, 2005,
Egypt.
26.Workshop on Management and Monitoring of Quality Assurance and

Accreditation System, Cairo University, Cairo, Egypt, Septemizead

November 102004.
27.A.M.OthmanN. M. H. Rizk andM. S. EL-Shahawi
Potentiometric Determination and Voltammetric Behavior of Dopamine in
Pharmaceutical Preparat®Based on a Crown Eth&VC MembranéOral
Presentation”, The 7" International Conference on Chemistry and itseRol
in Development MansouraSharm E{Sheikh,April 14-17,2003, Egypt.
28.M.S.El-Shahawi
"Speciation of Bismuth in Water by Adsorptive Cathodic Stripping
Voltammetry Involving Pridylazo Resorcinol”,
"Poster Presentation”, Euroanalysisl2, Dortmund,September 813, 2002,
Germany.
29.M.S.El-Shahawi
ASpectrophotometric Determination of Cadmium (1) in Water by Liguid
Solid Separation Involving-Bluorodithiazon Impregnated Polyurethane
Foams",
"Poster Presentation"Leipzig, Septemberl1722,, 2002, Germany.
30.E. P. Achterberg, M. Gledhil arid. S. EI-Shahawi
ADevel opment of a Novel Voltammetric
and Estuarine Watel'©ral Presentation” , The 3 International
Conference on Electrochemistry and its ApplicagioLuxor,February 1315,
2001, Egypt.
31.M. S. El-Shahawiand S.M. Saleh
ASpectrophotometric Deter mi nagudon of
Extraction Employing Ankokteeri de Monohy
Presentation ", The 39 Mediterranean Basin Conferee on Analytical
Chemistry, MBCAC, lll, Antalya,June 49, 2000, Turkey.
32.M. S. El-Shahawi
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ARetention profile and Spectrophotometric

Aqueous Solution Employing Crown Ether

"Oral Presentation" , The 7" International Conference of Nuclear Science

and Application, Cairorebruary 6-10, 2000, Egypt.

33.A.B. Farag and.S. EI-Shahawi

Sponsor on a AWorkshopo Title of the
Cost and Applicable Procedures for Detectamd Semi quantitative

Determination of Trace Metal lons in Water

"Oral Presentation" , The 1% International Conference of Chemical

Education in Chemistry and Global Environmental Change", Caugust 9
14,1998, Egypt.

34.M. S. El-Shahawiand S. M. Aléhaheri

ARA Case Study on the Determination of
around AIAi n Ce me n 'tPosteraPeesentatignd, Euroanalysis 10,
Basel,September 611, 1998, Switzerland. 35. M. S. EBEhahawiand S.

M. Saleh

ASpectrophotometric Deter mLiqudti on of

Det

| mpreg

ecture™

Some

Gol d

Extraction usi ng AlpostérBresentadonsly dr ochl ori deo

Euroanalysis 10, Baseébeptember 611, 1998, Switzerland.
36.M. S. El-Shahawiand S. M. Saleh
AfSpectrophotometric Determination of
Solvent Extraction of Their Anionic Thiocyanate Complexes with Amiloride
Hy d r o c h"Poster Prdsentatiori’, Euroanalysis 10, Basé&geptember 6
11, 1998, Switzerland.
37.1.M. Banat, E.SHassanM.S. El-Shahawiand A.H. AbuHilal "PostGulf
War Assessment of Nutrients, Heavy Metal lons, Hydrocarbon and Bacterial
Pollution in the UAE Coastal Waters of the UAEOral Presentation”,
Poster presentation International. Conference on Londerm
Environmental Effects of the Guif War, November 1820,1996, Kuwait.
38.M. S. El-Shahawi

"Reserved Phase HPLC Determination of Perrhenate, Perchlorate and
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Periodate as their Amiloride Iesssociation Complexes"Poster

Presentation ", 21 Intemational Symposium on Chromatography, Stuttgart,
September 1520,1996, Germany.

39.M. S. El-Shahawiand S. M. Aldhaheri

"Intercomparison Study on the Preconcentration of Trace Amounts of
Aluminum (Ill) and Iron (111) in Natural Water Employing Polyurethane
Foams and Amberlite XAR2 Columns","Poster Presentation”, The 2%
International Symposium on Chromatography, StuttGeptember 1520,
1996, Germany.

40.M.S. El-Shahawi

"Preconcenttion and Separation of Water Organic Phosphorous Pollutants
by Porous Polyurethane Foam Colunifsster Presentation”, The 2¢f
International Symposium on Chromatography, Bournemouth, UK. June 1924,
1994.

41.M.S. El-Shahawi

"Qualitative, Semuantitativeand Spectrophotometric Determination of
Ruthenium (111) Using Solid Phase Extraction witiHgdroxy-2-Methyl-1, 4
Naphthoquinongl-Oxime Loaded Polyurethane Foam Columiidjster
Presentation ", The 2@" International Symposium on Chromatography,

Bournamouth,June 1924, 1994, UK.

42.M.S. El-Shahawiand S.M. AtDhaheri

"Selective and Sensitive Spectrophotometric Determination of Bismuth (llI,
V) in Sea water After lofPair Liquid-Liquid Extraction Using
Tetrabutylammonium Chloride as a Counter lon",

"Poster Presentation ", The 29 Gulf Water Conference, Bahrain,
November 59, 1994, Bahrin.

43.M.S. El-Shahawiand S.M. Aldhaheri

"Collection and Recovery of Some Organic Water Pollutants by Porous
Polyurethane Foams™Qral Presentation”, Healthy Cities ®Arabian Gulf
Countries, DubaiNovember 2628, 1994, United Arab Emirates.

44.M. S. El-Shahawi M. H. Al-Yousuf and S. AlGhais
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"Biomonitoring of Heavy Metals in Differef®rgans of Adult and Juvenile
Emperorsi(ethrinus lentjan Fish in Arabian Gulf Wier Around the
Western United Arab Emirate%Oral Presentation” , The Regional
Environmental Symposium on Ecosystem, Environmental Protection and
Graduate Education in Environmental Sciences, UAE Universitpid|
December , December 1114, 1994, Unied Arab Emirates.

45M.S. ElI-Shahawi A.M. Kiwan, S.M. AlDhaheri and M.H. Saleh

"The Retention Behavior and Separation of Some Water Soluble Organo
Phosphorous Insecticides on Polyest@tal Presentation”, The Regional
Environmental Symposium, orcésystem, Environmental Protection and
Graduate Education in Environmental Sciences, UAE Universitpid|
December ,December 1114, 1994, United Arab Emirates.

46.E.S. Hassan, |.M. Band¥].S. EI-Shahawiand A.H. Abu Hilal

"Pollution Levels Assessment along the Eastern Coastal Area of the United
Arab Emirates”

"Oral Presentation” , The Regional Environmental Symposium, on
Ecosystem, Environmental Protection and Graduate Education in
Environmental Sciences, UAE Universij,-Ain, December , December 11
14, 1994, United Arab Emirates.

47.M.S. El-Shahawi

"Preconcentration and Separation of Some Water Soluble Chlorinated
Organophosphorous Insecticides on Polyether Based Polyurethane Foam™

"Oral Presentation" , The Regional Environmental Symposium, on
Ecosystem, Environmental Protection and Graduate Education in
Environmental Sciences, UAE University,-Aln, December , December 11
14, 1994, United Arab Emirates.

48.M.S. El-Shahawiand W.E. Smith

"Spectroelecochemical Studies of Some Nickel (I) Schiff Base Complexes
Using an Optically Transparent Thin Layer Gold Mesh Electrt@edl
Presentatior, The International. Symposium on Electroanalysis in
Biomedical Environmental and Industrial Sciences, Loogbigh,
LeicestershireApril 20- 23, 1993, UK
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49.M.S. El-Shahawi

"lodometric Microgram Determination of Cysteine, Gultathione and
Ascorbic Acid by High Fold Chemical Amplification Reaction4”oster
Presentation”, Euroanalysis VIII, Edinburgl§eptembe 5-11, 1993, UK.
50.M.S. El-Shahawi, and A.B. Farag

"Spectrophotometric Determination of Chromium (VI) by the Sorption of
Chromium (lll}-Diphenylcarbazone on Polyurethane FoanPpster
Presentation”, Euroanalysis VIII, Edinburgteptember 511, 1993,

UK.

51.A.B. Farag andM.S. El-Shahawi

"Removal of Organic Pollutants from Aqueous Media". Part Il. "Extraction,
Separation and Preconcentration of Some Phenols by Polyurethane Foam",
"Poster Presentatiort’, The P! Int. Confr. in Chemistry and it&pplications,
Doha,December 1315, 1993, State of Qatar.

52.M.S. El-Shahawiand S.A. Metwally,

"Spectroelectrochemistry of@icyanomethylene)3-methyt1-phenyt
2pyrazolin5 one using an Optically Transparent Thin Layer Electrode
(OTTLE)" "Oral Presentation" , The ' International Conference in

Chemistry and its Applications, Dolagcember 1315,1993, State of
Qatar.

53.M.S. El-Shahawi

"Removal of Organic Pollutants from Aqueous Solutions, the Extraction,
Recovery and Separation of Soimeecticides from Water with Untreated
Porous Polyurethane Foams and Activated Cartidoster Presentation”,

The 19" International Symposium of Chromatography, &xProvince,
September 1318,1992, France.

54.M.S. El-Shahawiand A.B. Farag, and M.R. Mustafa,

"Collection and Chromatographic Separation of Some Phenols from Water
by Untreated and Treated FoarfiBoster Presentation”, The 14"
International Symposium of Chromatography, AmProvince September

13-18, 1992, Frame.
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55.M.S. El-Shahawiand A.B. Farag

AA Comparative Study on the Extraction, Recov
Separation of Some Organic Insecticides Using Unloaded Polyurethane Foam

C o | u tRaster Presentation”, The 18" International Symposium on

Chromatography, Amsterdangeptember 2227, 1990, The Netherlands.

56.M.S. El-Shahawi

AfSpectrophotometric Determination of Nickel (
(1) with Some Schiff Base Ligand§"Oral Presentation”, The 2

International Symposium on New TrendsChemistry. The Role of

Analytical Chemistry in National Development, Faculty of Science, Cairo

University, CairoJanuary 13-15, 1989, Egypt.

57.A.B. Farag, M.S. EBhahawi and A.M. EWakil

AfRemoval of Organic Pollut:idnts from Aqueous S
Comparative Study of the Concentration of Some Phenols by Loaded and

Unloaded Open Cell Polyurethan&Oral Presentation”, The 2

Conference on Chemistry and its Applications, Mansoura University,

Mansoura September 2728 (1988) 372379, Egypt

58.A.B. Farag, M.S. EBhahawi, A.M.A. Helmy and S. Farrag

AThe Extraction and Recovery of Some Organic
Media with Cellular Polyurethane%Oral Presentation”, The 29 Conference

on Chemistry and its Applications, Mansoura Unsvgty Faculty of Science,

Mansoura, EgypiSeptember 2728, (1988) 351356.

59.A.B. FaragM.S. EI-ShahawiA.M. Helmy and S. Farrag

NnSensitive Detection and Semi guantitative De
(V1) Using Unloaded and Specially Treated Polyuaeh Foams",Oral

Presentation”, The 29 Conference on Chemistry and its Applications,

Mansoura University, Faculty of Science, Mansoura, Egygptember 2628,

1988, Egypt.

60.A.B. Farag, A.M. E\Wakil, M.S. El-Shahawiand M.A. Mashaly

Collection and Separation of Some Organic Insecticides on Polyurethane

Foam Columns",

"Oral Presentation"”, The P! First National Conference on Environmental
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Studies and Research, Ain Shams University, Caipoj 11-14, 1988,

Egypt.

61. Participant afhe First Conference on Chemistry and its Applications,

Mansoura University, Faculty of Science, Mansodtene 6-9, 1986, Egypt.

62.Active Member at the Electroanalytical Meetings, Rospriary Glasgow,
Scotland, UK, Octobet983, 1984and1985.

63. Participant'Oral Presentation”, "Strathclyde University Inorganic
Chemistry" Meeting, Rospirary, Glasgo$885, UK

64.Active Member at Scottish Dalton Meeting, Edinburdiily, 1984, UK 65
Participant in the "Strathclyde University Inorganic Chemistry" Meeting,
Rosprary, Glasgow, U K1984.

66. Participant in the Strathclyde University Inorganic Chemistry (USIC)

Conference, Galashiels, Glasgow, UKR33.

D. Published Book Chapters (Authored) and Translated Books to

Arabic

i. Translated Books to Arabic
1.Y. M. Moustafa M.S. EFShahawi
Principle of Instrumental Analysis " by D.A. Skoog, D.M. West and R.N.
Holler"
Translated fromEnglish to Arabic language. To be published by Umm
AlQura University publisher, 2012, Makkah, Saudi Arabia after permmissio
from the authors and Publisher.
2.Y. M. Moustafa M.S. EFShahawi,A. Algamdy
"Principles of Ceramics"
Translated fromEnglish to Arabic language. To be published by King
Abdulaziz University publisher, 2012, Jeddah, Saudi Arabia after permission
from the authors and Publisher.
3.S.T.I. Makki, R.M.Abdel -Rahman andM.S. El-Shahawi

"Water and Water Pollution” A General Chemistry Book in Arabic

LanguageTo be published by King Abdulaziz University Publisher,
Jeddah, Saudi Arabia, 2011.

E. Reviewim
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A. Book Reviewer (Reviewed or Verified)

Acted as an External Reviewfar Arabic Translation of a series of

AOxford Book Series in Instrumental Analysis
The translated books are:

1. Christopher M.A. Brett and Ana M.O. Bréglectroanalysis", Series
sponsor: Zeneca, Oxford University Press, 2005.

2. Ritchard P. WayneChemical Instrumentation”, Series sponsor:
ZENECA, Oxford Science Publication, Oxford University Press Inc., New
York, 1995.

3. John R. ChipperfieldNon 7 Agueous Solvents" Series sponsor:
ZENECA, Oxford Science Publication, Oxford University Press Inc., New
York, 2007.

4. Fisher A.C. " Electrode Dynamics", Series sponsor: ZENECA, Oxford
Science Publication, Oxford UniversiBress Inc., New York, 1996

Presented by The Electrochemistry Group of the Royal Society of Chemistry
B. Reviewer for Academic Journals

Regularly referee papers (B8) from a host of scientific journals including

1.Analytica Chimica Acta 2. Talanta,

3. J. Chromatography 4. J. Food Science and
Nutrition

5. J. Environmental Biotechnology 6.Chemical Papers, Poland

7. Bulletin of Solid State Electrochemistry 8. J. Hazardtaterials

9. J. Electroanalytical Chemistry 10 Chemosphere

11. Intern. J. Environ. Analytical Chemistry ~ 12. J. Molecular structure
13.J. Environmental Management 14 Chemical Engineering
Communication

15. Environmental Engineering Science  16.J. Chem.Technol.

Biotechnology
17. Analytical Sciences of Japan 18. Analytical Letters
19. Ecotoxicology and Environmental Safety 20.P®sce

Biochemistry

21. Environ. Engineering Communication 22. Desalination
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23. Letters in Drug Design & Discovery 24. Sensors Letters

25. Molecules 26. Sdudan J.
Chemistry
27. Separation Science and Technology 28. American J.

Analytical Chemistry

29. European J. Chemistry 30. Ecotoxicology and
Environmental safety

31. Arabian J. Chemistr(Elsevier Publisher)  32. Scientific Research
Journal.

33.Bulletin of the Faculty of Science, King Abdulaziz University, Jeddah,
KSA

34.Bulletin of the Faculty of Science, UAE University, UAE

35. Bulletin of the Faculty of Science, Mansoura University, Egypt

Exami ner of MSc and Ph.D Thesi so'

Internal Reviewer

1. Internal Reviewer fo25 Master of Sciences at Egyptian and Saudi

Arabian Universities.

2. Internal Reviewer fol5P h . D Thesisds in Anal yti
Chemistry at Egyptian, Saudi Arabia (King Abdulaziz University) and United
Arab Emirates Universities.

External Reviewer:

1. External Reviewer foR0 Master of Sciences at Egyptian and Saudi

Arabian Univerdies

2. External Reviewer fo24 Ph. DTheses in Analytical and Environmental
Chemistry at Egyptian and Saudi Arabia (King Saud) Universities.

Reviewer of Research Projects

At Taiba, Taif and King Abdulaziz Universities, Saudi Arabia:

l.Research Project entitledo "Extracti
Components in Almadinah Almunawarah Mint Species”

Research project Funded by Taiba UniversityMsddiah AFMinwara, Saudi

Arabia,2009.
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2. Research project entitled Removal of Heavy Metl ions from polluted
Water Using Low cost Materials™
Research project Funded by Taiba UniversityMddiah AFMinwara, Saudi
Arabia, 2008
3. Research project entitled "Fabrications and Characterization of
Electrochemical Biosensors Modified with leay by-Layer Nanostructure
Films for Biochemical and Biomedical Analysis"
Research project Funded by Taiba UniversityMediah AFMinwara, Saudi
Arabia, 2008
4. Research project entitled "Analysis of Pharmaceutical Residues in
Municipal Wastewater ahPredicting Their Impact in the Human
Environment”
Research project Funded by Taiba UniversityMddiah AFMinwara, Saudi
Arabia,2008
5. Research project entitled'Biochemical Method for the Desulphurization of
Petroleum Hydrocarbons"
Research prof Funded by King Abdulaziz University, Jeddah, Saudi
Arabia, 2008
6. Research project entitled"Soil Pollution Hazardous to Human Life : A Case
Study on the Determination of Some Heavy Metal lons in Soil Arourdlir\l
Cement Factory , United Arab Emirate$995
Research project Funded by Scientific Research Council, UAE
University, AFAIn, United Arab Emirates;995
7. Research project entitled’Analysis of Pharmaceutical Residues in
Municipal Wastewater and &dicting Their Impact in the Human
Environment.
8. Research project entitled'Biochemical Method for the Desulphurization of

Petroleum Hydrocarbons"

At King Abdulaziz Research City, Saudi Arabia

1. Research project entitled"Removal of Phenolic Compound®i Water
using Carbon Nanotubes (CNTs) and Activated Carbon (AC) Materials.
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2. Research project entitled" Desulphurization of Petroleum
Hydrocarbons".

Creative Research and Other University Activities

A. Development
Development of certain flow modes for the Separation and complete

removal of trace and ultra trace of toxic metal ions and cyanide ions from

the industrial effluent employing Specially Treated Stationary Phdses.

Training Courses:

1. Training course on Qlity Assurance, Accreditation and Course

Evaluation,2006,Mansoura University and King Abdulaziz University.

2. Training course in nuclear safety, Radioactive Isotopes and its Applications at
Nuclear Authority,1988 Egypt.

3. Training course in glass blamg at Royal Holloway College, London
University,1981-1982.

4. Training course in English at the Faculty of Education, Mansoura University,
1981.

C. Course Developments and the Methods of Teaching:

1. Analytical Chemistry for Special Chemistry and NGhemistry Students

2. Instrumental Analysis for Under and Post Graduate Students
3. Industrial analysis

4. Practical contents in Analytical Chemistry at UAE, Mansoura and King
Abdulaziz Universities.

5. SeparatiorMethods of Analysis

6. Practical contents in Analytical Chemistry at UAE and Mansoura Universities.

Community Services:

A. Consultation:

1. Consultant for the Egyptian Ministry of Interiag®01

2. Consultant for the Damietta Port Authority, Damietta, Eqyg83200Q 3.
Consultant for wastewater treatment at the EgypNarerican pigment
company (SPREA MISR), Cairo, Egypt, 1999.

4. Consultant for water treatment station at Dami&&881990, 2001

Egypt
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5. Consultant for the Federal Environmental Protection Agency (FEPA),

Abu-Dhabi, United Arab Emirates (Februarylarch, 2004 and Auguét

September, 1999).

B. Teaching and Seminars for community:

1. General Chemistry at Zaid Il Military College, United Araimigates,

1992, 1993.

2. Lecturing for senior secondary school teachers in chemistry at Mansoura,

Damiatta and Port Said, cities, November, 2000.

3. Training course for the chemists that are working in water treatment

stations at Damiatta, 2001.

4. Lecturing forsenior secondary school teachers in chemistry at United

Arab Emirates, 1995.

4. Presenting many seminars and articles of general interest on Pollution,
preconcentration and determination of pesticides in soil and water and
treatment of wastewater at Mansoukaiversity, Egypt and UAE University,

United Arab Emirates.

5. Participate in Undergraduate teaching exam preparation and double marking
responsibilities

6. Participate in the student advisory scheme and placement visits for

Chemistry students during theaalemic year on the annual bases (1991 1997).

7. Participated in curriculum design for MSc. Environmental Sciences

8. | completed the following staff development: Effective supervision, Computer
Aided Assessment and Assessment for Quality of teaching.

9. | have taught a wide variety of courses in analytical chemistry to uader
postgraduate student.

Involvement in Technology and Knowledge Transfer

i. I have participated in the promotion of many academic staff menibdrs
became involved in organig the accreditation of the Chemistry degree. iii.l
involved in providing a laboratory experience within different labs within the
Faculty during several visits for preparative school student$ 18 in the

Damiatta ProvinceUniversity Committees
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Chairman and member of the following committee at Mansoura, UAE and

King Abdulaziz Universities:

1. Book Committee 2. Higher
Graduate Committee

3. Evaluation Committee for thenliversity Stores 4. Libraries
Committee

Membership in Professional Societies

1. University of Mansoura referee on the "Heads of University Chemical

Sciences Society"

2. The Chemical Society of Egypt.

3. The Syndicate of Scientific ProfessidMlansoura, Egypt.

4. Member of the Higher Education Academy

5. Member of the Egyptian Association of Analytical Chemistry.

6. Membership of the American Association for the Advancement of Science
(19951997).

7. Membership of the New York Academy of SciencE3951998).
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CHAPTER

Speciation and Determination
of Tellurium in Water,
Soil, Sediment and other

Environmental Samples

M.S. EShahawit2* H.M. AlSaidi3 E.A. AlHarbi #
A.S. Bashammaktand A.A. Alsibbai

1. Introduction

In the past, the determination of total element concentrations was considered to be
enough for clinical and environmental analyses. However, the knowledge of
chemical speciation has primary importance because the toxicity,lityobi
bioavailability and bioaccumulation of elements largely depend on their chemical
species (Ebdon et al. 2001). Chemical spearesspecifi ¢ forms of an element

defi ned as isotopic composition, electronic or oxidation state and/or complex or
molecubr structure (Templeton et al. 2000). Tellurite, Te (V) is 10 times more
toxic than tellurate, Te (VI) (Huang and Hu 2008). Therefore, speciation studies
are important for the accurate evaluation of pollution levels in a wide variety of
samples such as vea, soil and sediment.
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Speciation analyses have been widely used to identify the metal species that
have adverse effects on living organisms (Ceemtesinos et al. 2004). The
interaction of metal ions with biota is highly dependent on their oxidatide sta
and/or organic or inorganic structure rather than to their total concentration. Due
to its wide applications as alloying additives in steel, copper, lead alloys,
vulcanizing agent and accelerator in the processing of rubber, and the component
of catalyss for synthetic fi ber production, the level of exposure of tellurium has
largely increased in the last years (Jain and Ali 2000). Therefore, an overview on
distribution, toxicity and chemical speciation of tellurium will be presented in this
chapter. Theecent developments in the analytical techniques frequently used for
chemical speciation of tellurium will be discussed in detail.

2. Occurrence, Uses and Toxicity of Tellurium

Tellurium was discovered in 1782 by the Austrian mineralogist Baron Franz
JoseptMuller (Nordberg et al. 200Bragnall1966). The element seldom occurs
in its pure state in nature. However, it is usually found as a compound in ores of
gold, silver, copper, lead, mercury or bismuth (CB@ntesinos et al. 2004, Jain
and Ali 2000). Thenost weltknown ores containing tellurium are the ores of gold
and silver, e.g., Calaverite (Audje Sylvanite (AgAuTe) (Tsai and Jan 1993,
Emsley 2002). Tellurium is considered one of the rarest stable solid elements on
the Earthods cr sos with some lanthanides anal it fis ausually
associated with selenium at trace and ultra trace levels (Cooper 1971, Sadeh
1987). The level of Te in soil ranges from 0.05 to 30 |, kehile in sea Te level
is about 0.15 ng't (Emsley 2002).

Tellurium exists in the environment in elemental (Te), inorgaalturide
(Te?), Te (IV), Te (VI) and organic (dimethyl telluride (GFeCHs)) forms
(Cooper 1971), oxyanions are more stable and common than the elemental state
(Summers and Jacoby 1977). MaTe compounds are redaxtive, with the
f or mal oxidation states of Te in these compound
al. 2007, Cunha et al. 2009). Chemical and physical properties of tellurium are
largely similar to those of selenium (Cooper 1971 )pkysiological pH, Te is less
soluble than Se and its oxidation states (IV), e.g.,s7eénd (VI), e.g., Te@ 'or
TeQ: occur easily. Tellurium has many stable isotopes invol¥ifite, 34.48%;
128Te, 31.79%;%Te, 18.71%;**5Te, 6.99%;'?Te, 4.61%;'%Te, 2.46%;'*Te,
0.87%;'%Te, 0.089% (CRC Handbook 1975).

Tellurium has been used in metallurgic industry to improve the mechanical
properties of steels and other ferrous alloys. It is also employed in the form of
alloys with copper and lead, used in welding and chemical equipment. Tellurium
is utilized in the rbber industry to improve heat resistance and as a catalyst in
many industrial applications. Thermo electrical devices used in power plants and
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refrigeration are based on the see beck effect, for current production when heating

up a junction of two differemmetals, and in the Peltier effect that consists of heat

transfer by means of an electrical current fl ow through a metallic junction

(Geological Survey 2011). Due to relatively high conductivity, Te is used in

semiconductors and other electronic devidedlurium also fi nds application in

Afdaylight | amps and ceramics. Photographic and
utilize some quantities of this element (KabBtndias 2011). Tellurium found

historical applications in the treatment of microbial infeet prior to the

discovery of antibiotics. Early documentation in 1926 reports its use in the

treatment of syphilis and leprosy (De Meio and Henriques 1947).

The oxyanion tellurite has been used in microbiology since the 1930s when
Alexander Fleming repaetl its antibacterial properties (Fleming 1932, Fleming
and Young 1940). In 1984, it was suggested that-Teuld be a potential
antisickling agent of red blood cells in the treatment of sickle cell anemia (Asakura
et al. 1984). While in 1988, telluriiwontaining immuno modulating drugs were
proposed as treatment agents for AIDS (Jacobs 1989). On the other hand, Te
compounds, especially orgatellurium compounds, have been found to exhibit
probable antioxidative and anticancer properties (Bagnall 178€6p et al. 2000,
Engman et al. 2002).

The toxicology of tellurium has received less attention compared to selenium.
However, toxicity of telluriuncompounds largely depends on the chemical form
and the quantity of the element consumed. Tellurium shaeete toxicity in
young children when ingestion of metatidizing solutions containing signifi cant
concentrations of Te (Yarema and Curry 2005, Taylor 1996). Tellurium can be
accumulated in the kidney, heart, liver, spleen and muscle and its conigat in |
and the kidney in excess of 0.002 ¢ kg hai and Zhu 1994). The occurrence of
Te in mammalian tissues is at the level of 20 u§ kGhai and Zhu 1994).
Tellurium slowly leaches out and its hdiline is estimated to be 600 d (Hollins
1969). Tellurium level in human urine concentration is reported < 1 g |
(Reimann and Caritat 1998), whereas in blood it is less than 0!3 gllurium
toxicity is associated with impaired neurotransmission that affects saliva and
sweat secretion in humans. Thelgdietary intake of Te by adults from food has
been estimated at around 0.1 m@IRW (Kobayashi 2004).

3. Analytical Methods for Chemical Speciation and
Determination of Tellurium

Many analytical techniques such as voltammetry, fl ame atomic absorption
spectrometry (FAAS), electrothermal atomic absorption spectrometiyAkS),
inductively coupled plasmmass spectroscopy (ICKIS), inductively coupled
plasmaoptical emission spectroscopy (IOPES), Xray fl uorescence,
spectrophotometry, and electropésis have been used for Te determination in
various environmental matrices (Table 14.1). Among these techniques, AAS and
ICP coupled with a suitable hydride generation system have been widely used for
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the chemical speciation of Te in various samples dutheém high sensitivity.
However, the direct determination of Te using most detection techniques
mentioned above is still a diffi cult task due to its occurrence in trace and ultra
trace levels and strong interference of the sample matrices. Therefore, a
preconcentration step becomes necessary to get accurate results. Below, we will
discuss some different analytical techniques widely used for the estimation of Te
in detail.

3.1 Determination of Te in water

3.1.1 Speciation of Te using hydride generation

Hydride generation (HG) using tetrahydroborate (THB) at present is considered
to be one of the most widespread derivatization procedures for the determination
of trace and ultr@arace amounts of chemical vapor forming elements, in
combination with various amic spectrophotometric techniques (Xi et al. 2010).
Tellurium (IV) is most often determined by HG followed by atomic absorption
spectrometry (AAS) or atomic fl uorescence (AFS)}adri et al. 2005), while,
tellurium (V1) concentration is obtained by tlkfference between the total
tellurium and Te (IV) contents. Thus, both HKAS and GHAFS techniques

have found wide applications in chemical speciation of Te (IV) and Te (VI) in
various matrices.

3.1.2 Determination of Te using liquiphase microextradbn

Atomic spectrometric techniques, e.g., AAS, ICHES, atomic fl uorescence
spectrometry and IQRS in combination with an efficient preconcentration
technique have been successfully used for the chemical speciation of tellurium
(El-Hadri et al. 2005)Most of these methods are based upon selective extraction
of the Te (IV) complexes. Therefore, Te (II) or Te (0) have to be oxidized to Te
(IV), while, Te (VI) must be reduced to Te (IV) for determination of total Te
species (Cavdontesinos et al. 2004).
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There are many studies describing the use of lighiase microextraction
techniques in combination with AAS for the chemical speciation of Te in different
environmental samples.

Recently, excellent preoncentration techniques before the measurement
step by AAS have been reported for the chemical speciation and total
determination of various tellurium species in complicated matrices (Ghasemi et
al. 2010, Najafi et al. 2010, Fathirad et al. 2012). The method of Ghasemi et al.
2010 was based upon extractiof Te (IV) complex species with ammonium
pyrolidine dithiocarbamate (APDC) by hollow fi ber liquid phase microextraction
(HF-LPME), while dispersive liquidiquid microextraction (DLLME) and
ultrasoundassisted emulsifi cation solidifi ed fl oating organdrops
microextraction (USAESFODME) have been reported by Najafi et al. 2010 and
Fathirad et al. 2012, respectively. In these methods Te (VI) was fi rst reduced to
Te (IV), and then the microextraction technique was then applied before AAS
determinatio of total Te.

3.1.3 Determination of Te using Solid Phase Extraction

The applications of soligphase extraction (SPE) were more common than those
of liquid phase extraction for Te speciation analysis. In general, SPE is based on
the utilization of a majr constituent as the bonded stationary phase immobilized
different ligand or functional group (Marahel et al. 2011). Mercapsalifi ed
silica microcolumn was used as an effective stationary phase for developing a
novel and sensitive method for the detation of trace amounts of Te (IV) in
waters by HGAAS (Kdrez et al. 2000). This method offered the limit of detection
of less than 0.04 ng mlin sea water.

Yu et al. 2003 have described a procedure for the speciation of tellurium (1V,
V1) by SPEICP-MS. In this method, Te (IV) complex with APDC was completely
retained on a nonpolar silidgased octadecyl (C18) sorbentcontaining SPE
cartridge, while the uncomplexed Te (VI) passed through the cartridge and
remained as a free species in the solution pgadts determination by IGIMS.
The Te (IV) concentration was calculated as the difference between total tellurium
obtained by ICPMS and Te(VI) concentrations. Simultaneous determination of
Te, As, Sh, and Se by IORMS after preconcentration of analyseusing modifi
ed silica sorbent was describe Urbankovéa et al. (Urbankova et al. 2011). The
analytes were retained on modifi ed silica in the form of ion associates with
cationic surfactants in the presence of the presencépyridylazo) resorcinol,
2-pyrrolidinecarbodithioate and-8ydroxyquinoline5-sulfonic acid as chelating
agents. The quantitative retention occurred at pH 7 + 0.2 and the mixture of
acetone with ethanol in ratio 1:1 in the presence of 0.1 MdlCl was used for
the quantitative letion. Organic solvents and the excess of acid were removed by
evaporation prior to the determination by HUFS.
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Tellurium is present in seawater in the form of tellurium (IV) and (V1) at trace
level (ng '), on the other hand, the high concentratiomafrix ions in sea water
causes instrumental drift, signal suppression and clogging of the sample
introduction system of instrument. Therefore,-pomcentration and extraction of
Te from the matrix of seawater becomes an important step prior to meastireme
Huang and Hu used the magnetic nanoparticles (MNPs) as SPE adsorbent for the
separation of inorganic tellurium species from seawaters prior to their
determination by ICPMS (Huang and Hu 2008). Within the pH range b®2Te
(IV) could be quantitatvgl ads or-medc amt wpropyl tiri met hoxysil ani
MPTMS) modifi ed silicacoated magnetic nanoparticles (MNPs), while the Te
(V1) was not retained and remained in solution. Like other magnetic separation
techniques, tellurite loaded on MNPs could be sepdraasily from the aqueous
solution by applying external magnetic fi eld without fi Itration or centrifugation.
Under the optimal conditions, the LOD obtained for Te (IV) was 0.079 ng/L, while
the precision was 7.0 percent.

3.1.4 Determination of Te byhemiluminescence

HG technique coupled with chemiluminescence (CL) has been successfully used
to minimize matrix interference during determination of tellurium (V) in natural
water (Luo et al. 2011). The developed method was based upon the strong CL
emisson obtained by the reaction between hydrogen telluride and luminol in basic
medium. Under the optimized condition, excellent linear dynamic range of CL
intensity vs Te (IV) concentrations (@00 pg L' ) was achieved. The limits of
detection and quantifiation by this method were found excellent compared to the
reported methods in the literature.

3.1.5 Odine pre-concentration of Te in water

Two flow-injection graphite furnace atomic absorption spectrometrFAAS)
systems for the determination of Te in tap water have been reported by Pedro et
al. (Pedro et al. 2008). Because Te (VI) is hydride inactive, this procedure is
suitable for Te ¥) and if Te (VI) needs to be detected, the-prduction step is
necessary. The fi rst approach was based on thie®preconcentration of the
analyte onto a strong anionic resin (Dowex X8) using as packaging material of a
micro-column inserted in thié ow system. The second approach was based on the
co-precipitation of tellurium with La(OH)followed by retention onto adsorbent

fi llings (XAD resins). Although, the use of Dowex 1X8 as material fi lling fulfi

lIs the requirements for the dime operaibn of the FIGFAAS system, the low
selectivity of the anionic exchange resin constrains its use in complex matrix like
saline samples. On the other hand, amberlite XAD shows a higher level of
tolerance to the presence of dissolved ions. But neither atitooperation nor
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long-term use of the adsorbent resin is possible due to its severe compaction
during the default sequence of washing of the GF auto sampler.
Precconcentration of Te using selective electrodeposition with mercurycoated
electrode was proposed for the chemical speciation of Te (IV) and Te (VI) in water
samples by GFAAS (Ghasemi et al. 2009). The method is based on the selective
reduction of the € (IV) at a controlled applied potential (2.0 V) on the mercury
coated electrode. In acidic media (1.0 mgIHCI solution), only Te (V) can be
electrodeposited onto the mercury electrode surface and separated, while, Te (VI)
remained in solution. Theadtrode was withdrawn from the solution and the spent
electrolyte containing Te (VI) was measured by GFAAS. Tellurium (IV) was
calculated from the difference between the measured total Te and Te (VI) content.

3.1.6 The chromatographic determination of Te

According to our knowledge, the applications of chromatography for the
determination of Te species are limited. As an example, Liquid Chromatography
Hydride Generation coupled Atomic Fluorescence SpectrometryHBCAFS)

was used for speciation of Te ('dhd Te (VI) in wastewater (Vifias et al. 2005).
Anion-exchange LC with multidentate complexing agents, e.g., EDTA and
potassium hydrogen phthalate (KHP) in the mobile phase was used to improve
column effi ciency because such agents have very high compleapacity and

can transform the positive metal ion into negatively charged complexes.

3.1.7 Spectrophotometric methods of Te determination in water

Direct determination of Te using spectrophotometric methods is rarely used due
to the low sensitivity obuch methods. However, survey of the literature reveals
that a few spectrophotometric methods were proposed for the determination of Te
in the environmental samples. One of the most recent spectrophotometric methods
was proposed for direct determinationTé in water, plant materials and soil
(Prasad et al. 2007). The method is based on the oxidation of leuco methylene
green (LMG) to its blue form by Te (1V) in acetate buffer medium (pH 3.0 to 5.0).
Measurements were linear over the concentration randg®.6.41g mLt. The
extractive spectrophotometric method with Bismuthiol Il is highly sensitive and
selective for the determination of Te in water and other environmental samples
(Toshida et al. 1966). In acid media, the complexing agent bismuthiol Il reacts
with Te (IV) to form a neutral 1:4 (Te: reagent) complex which is extractable into
CHCls. The unreacted (free) bismuthiol Il is also extracted into chloroform and it
absorbs in the same region with its Te (IV) complex. Excess bismuthiol Il in the
organicphase was stripped into the aqueous phase by shaking with buffer solution
of pH™ 8. However, this method suffers from serious interference éf, I9g*
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Fe* and SB*. From the view of sustainable methods, the method is not
recommend because of the uselbroform.

3.2 Tellurium in plants, soil and geological samples

3.2.1 Tellurium in plants

Te concentrations in plants varied from < 0.013 to 0.35 rigalkgl do not exceed

1 mg kg* in contaminated systems (Moreno et al. 2007). For uncontaminated
systems Te concentrations less than 0.001 migkave been reported by Fathirad

et al. 2012. Some plants, such as tea, accumulate Te because Te displaces Se and
inhibits biological activities (Nordberg et al. 2007). Therefore, simultaneous
determination of bdt Te and Se in plants samples is a worthwhile task. Studies
concerned with development of new methods for the determination of Te in plants
are still limited. Zhang et al. 2011 have designed a new 1thdinnel hydride
generation atomic fl uorescence spegtetry (H@ AFS) for determination of As,

Bi, Se, and Te in tea plants (Zhang et al. 2011). After samplegatment using
HNOs and HOz and under optimal conditions, the detection limits for As, Bi, Te
and Se in tea leaves were 0.0152, 0.0080, 0.00Q@68 ug ¢, respectively.

3.2.2 Tellurium in soils

Limited data are available on the occurrence of tellurium in soils. As a
representative example, Te content in some types in USA is in the range 0.02 and
0.69 mg k¢ (Govindaraju 1994). Trace and ultrace levels of tellurium in soil

make the direct determination of Te element a very diffi cult task. Chemical
speciation of Te and Se was carried out simultaneously using chelating resin
combined with cathodic stripping voltammetry (Ferri et al. 1998 déveloped
method was found suitable for the determination of Te in soil at itgvkidp good
precision. Prareatment by microwave digest in the acid mixture of HCI, HNO

and HF has been reported as an effective digestion approach for Te in soil (Hubert
and Chao 1985). Determination of Au, In, Te, and Th in geological materials by
fl ame atomieabsorption spectrophotometry has been reported by Hubert and
Chao 1985. In this method, the sample was decomposed by a mixture of hydrofi
uoric acid, aqua regiand hydrobromic acithromine solution. The analytes were
separated and paoncentrated by two stépddIBK extraction at two
concentrations of HBr. First, gold and thallium were extracted from HBr (0.1 mol
L1 medium, while Te and In were separated by K80 mol L'%).

Total concentrations of tellurium in dried mine tailings and in downstream
waters and sediments have been reported (Wray 1998, Moreno et al. 2007).
Moreno et al. 2007 found that Te and other base metals are mainly associated with
the partialate inhalable fraction of the dry tailings, while, elevated levels of these
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trace elements have been reported in waters and sediments downstream from the
same tailings deposits (Kyle et al. 2011). Harada and Takahashi 2009 studied the
distribution and sgciation of Te and Se between the solid and aqueous phases in
synthetic soil. Under oxen conditions both elements are mainly associated with
iron (I11) hydroxides, and Te (V) and (VI) species were both found to ispbere
complexes. Under reducing cotidns, tellurium (0) species was formed in batch
studies. Tellurium distribution between soil and water was much lower than Se
under a wide range of redox conditions, likely due to higher affi nities of Te (IV)
and (VI) for iron (Il) hydroxides.

3.2.3 Gelogical samples

Donaldson and Leaver described a method for quantifying Te down to ~ 0.01 pg
g'tinores, rocks, soils and sediments (Donaldson and Leaver 1990). After sample
decomposition and evaporation of the solution to incipient dryness, Te is separated
from > 300 pg of copper by eprecipitation with hydrous ferric oxide from an
ammonia solutio and the precipitate is dissolved in HCI (1.0 mi@).LTellurium

in the resultant solutions is reduced to Te (VI) by heating and separated from iron,
lead and various other elements by a single cyclohexane extraction of its xanthate
complex from HCI (~ % mol L'?) in the presence of thiosemicarbazide as a
complexing agent for copper. After washing with HCI (10.0 mé)l hydrochloric

acid followed by water is used to remove residual iron, chloride and soluble salts,
tellurium is stripped from the extraaitith nitric acid (16.0 mol ) and fi nally
determined in a 2% v/v nitric acid medium, by grapifiilenace atomiebsorption
spectrometry at 214.3 nm in the presence of nickel as a matrix modifi er. Small
amounts of gold and palladium, which are partiyextracted as xanthates if the
iron-collection step is omitted, do not interfere. The method is directly applicable,
without the ceprecipitation step, to most rocks, soils and sediments.

The infl uence of préreatment type on Te determination in soreelggical
samples by GHCPi MS was critically investigated (Hall and Pelchat 1997). The
study was based on the change of HCI concentration in the mixture -of pre
treatment (aqua regia and HFCIO4»-HNOs-HCI).

Arsenic (lll and V) were also examined as a ptitd interference and it was found
that As (V) severely suppressed the Te signal in both the 2 and 4 heéCL
experiments. As (Ill) did not interfere and Ge, Sn and Pb were not measured,
because formation of their hydrides at the concentration of B&2 (2 4 mol L
1) would be negligible. 4 mol 't HCI was determined to be the preferred acid
medium because of reduced interferences and a shorterowasime between
samples (i.e., decreased memory effect).

Hydride generation combined with an integtb&om trap (HGIAT) atomizer
for fl ame AAS was proposed for the determination of Te in reference material



Speciation and Determination of Telluritsd 7

(GBW 07302 Stream Sediment), coal fl y ash and garlic (Matusiewicz and
Krawczyk 2007). The results confi rm that the present hyphenated techninge usi

a continuous mode hydride generation gas pimasiu trapping on an integrated
silica tube trap, followed by atomization in acetyliesie flame with simultaneous
direct thermal heating of the collector (atomizer), can be used for the
determination ofrace amounts of Te in samples and reference material. Following
the trapping stage, the performance of the device and related problems are quite
similar to the case of hydride generatelectrothermal atomizationin( situ
trapping) HGGFAAS. The detectin limit of this HGIATFAAS system for Te

is considerably improved compared with those reported for measurements of Te
by any fl ame AAS approach. Higierformance liquid chromatography (HPLC)
coupled with inductively coupled plasma mass spectrometry-KMSP was
presented for speciation analysis of Te in a variety of samples involving soil
(Lindemann et al. 2000). Tellurium was almost quantitatively extracted from
samples using C4#DH and HO, while, recoveries after extraction with water and
sulfuric acid(0.01 mol L't) were below 20 percent.

3.3 Tellurium in food, biological samples and air

3.3.1 Tellurium in food

Tellurium (VI) is hydride inactive; therefore, this oxidation state must be
guantitatively reduced to Te (IV). The reduction is performed Imdst HCI or
HBr at various concentrations, temperatures and reaction times (Ulivo 1997). The
main problem with the reduction procedures is the low selectivity, since an
undetermined fraction of other inorganic and organic species may be converted
into Te (IV) during the reduction step, causing an egstimation of Te (VI).
Thus, reduction of Te (VI) to Te (IV) has been carried out in a microwave oven
for Te speciation in milk using hydride generation, atomic fl uorescence (HG
AFS) (Rédenag orralba et al2005). Batch leaching of Te has been performed
by sonication at room temperature for 10 min using aqua regia (Rétlerratba
et al. 2005). The extract was treated by NaBHHCI medium to form the
corresponding hydrides and fi nally AFS measuremente weocessed in front
of external calibrations prepared and measured in the same way as samples. The
proposed method provided a high sampling frequency of 24 far the
determination of both, free Te (IV) ions and total Te, in a same sample. Hydride
geneation atomic fl uorescence spectrometry (AES) after the microwave
assisted sample digestion procedure established for tellurium determination in
mil k. The method provides sensitivity
ng ml 'with detection Iimits of 0.015 ng mlfor Te.

Application of the methodology to the analysis of cow milk samples in the
Spanish market gave evidence of the presence of concentration ranges from 1.04

v al

ues

of
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to 9.7 ng nil *for Te having found a good comparability with data oletdinfter

dry-ashing of samples (CaMontesinos 2003). Trace Te from some food

samples typically consumed by the French population was determined during the

second French Total Diet Study (TDS). Among the main trace element analyzed

by inductively coupledplasmamass spectrometry (ICKS) after microwave

assisted digestion. The contents were compared using data from worldwide total

diet studies. Data for tin in canned food and beverages were compared with

European guidelines. The food groups with the higHesgels of Te were
fiSweetener s, honey and confectioneryod with
productso and particular)jyan®&héadFhfi asdoo{Té
Milloura 2012).

3.3.2 Tellurium in biological samples

Aggarwal et al. 1994 haveéeveloped a method for the determination of Te in
urine. The method has been based upon conversion of Te(lV) into volatile
compounds using a Grignard reagenfl[dorophenyl) magnesium bromide] in

dry diethyl ether to give the fi nal product [Te@Hz)2]. After removing the excess

of Grignard reagent, Te derivatives were extracted by toluene. The extract was
evaporated to dryness and the residue was reconstituted in methylene chloride.
The method was found suitable for Q@S isotope dilution determinatioof Te

in urine using?Te as an internal standard.

Hydride generation atomic absorption spectrometry with derivative signal
processing (DHG-AAS) has been proposed for Te determination in urine (Ha et
al. 2001). The method offered limit of detectioedeghan 0.2 ug 'L, recovery of
98 percent and excellent sensitivity and selectivity for Te estimation in urine
samples. Differential oscillopolarography has been used for speciation analysis of
Te in biological samples, e.g., heart, liver, kidney, spehlung (Li et al. 2000).

The method was based upon the activation effect of Te (V) on the slow Pd (Il)
catalyzed reaction between sodium hypophosphite and methyl red and the analyte
was extracted from samples by liguliduid extraction using MIBK.

3.3.3 Tellurium in air samples

The concentration of Te in air ranges from 0.35 to 50 ig(iKobayashi 2004).
Because of the low level of Te in various matrices, few methods were found
suitable for Te detection in air. The most widely used technigue for the
determination of Te in air is hydride generation coupled with AAS or AFS. A
highly sensitive and simple method, based ori AiES has been developed for
the determination of Te (IV) in aqua regia extracts from atmospheric particulate
matter samples (Moscosrez et al. 2004). Atmospheric particulates were
collected on glass fi ber fi lters using a medium volume sampler (PM10 particulate

(0.
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matter). Twelevel factorial designs have been used to optimize the hydride
generation atomic fl uorescence spectrometryi(AES) procedure. The effects

of several parameters affecting the hydride generation effi ciency (hydrochloric
acid, sodium tetrahydroborate and potassium iodide concentrations and fl ow
rates) were evaluated using a Pladk&tirman experimental design. The
parameters affecting the hydride measurement, e.g., delay, analysis and memory
times were also investigated. The signifi cant parameters on using sodium
tetrahydroborate and sodium tetrahydroborate at selected fl ow rate for Te(lV))
were optimized by usgn 2' * star central composite design. Using a univariate
approach these parameters were optimized. The accuracy of methods were verifi
ed using several certifi ed reference materials: SRM 1648 (urban particulate
matter) and CRM 1649a (urban dust). Detattimits in the range of 6 x 16to

0.2 ng m3was achieved. The developed methods were applied to several
atmospheric particulate matter samples corresponding to A Coruiia city (NW
Spain).

4. Conclusion

Determination of different chemical forms of tellurium in different matrices
(water, food, biological and air samples) is important because of their various
toxicological effects. In analysis of tellurium in environmental samples, the
techniques used shalube sensitive and selective. The inherent advantages and
disadvantages of each method can be used to select the most appropriate method
based on the type of sample matrix to be analyzed and the tellurium species and
concentration levels to be determined.
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Chapter 13

Fast, Selective Removal and Determination of
Total Bismuth (111) and (V) in Water by Procaine
Hydrochloride Immobilized Polyurethane Foam
Packed Column Prior to Inductively Coupled
Plasmag Optical Emission Spectrometry

M.S. EShahawi, A.A. Aibaai, H.M. ABaidiand E.A. Assirey

Additional information is available at the end of the chapter
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1. Introduction

Bismuth is found in nature in trivalent state as bismuthinite, Bi 2Ss, bismite, Bi2Oz and bismuth
sulfide - telluric, Bi2Te2S. It is also found as a secondary component in some lead, copper and
tin minerals [1]. Bismuth (V) compounds do not exist in solution and are important in the
view of pharmaceutical analytical chemistry [1]. In the Earth's crust, bismuth presents at trace
EOOEIT 60U E U dileulsduil rhinerals rarely occur alone and are almost associated
with other ores [2]. Bismuth appears to be environmentally significant because its physical
and chemical properties have led it to be used in different areas of life. Pamphlett et al, 2000
[3] have reported that, bismuth compounds after oral intake enter the nervous system of mice,
in particular, in motor neurons [3]. Hence, bismuth species are included in the list of potential

toxins [3].

The development of selective, separation, pre-concentration and determination method for

bismuth at sub-micro levels is a challenging problem because of its extremely low
concentrations in natural samples and of its strong interference from the sample matrices.
Several methods e.g. hydride generation atomic absorption spectrometry [4], electro thermal
atomic absorption spectrometry [5], atomic fluorescence spectrometry [6], hydride generation
atomic absorption spectrometry [7], and cathotic and anodic adsorptive stripping

voltammetry [8 - 10] have been reported for bismuth determination. Most of these methods
require preconcentration of bismuth for precise determination because most analytical
techniques do not possess adequate sensitivity for direct determination.
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Solvent extraction in the presence of ceextractant ligands e.g. bis (2, 4, 4trimethyl pentyl)
monothiophosphinic acid [11], pyrolidine dithocarbamate [12] etc has received considerable
attention. However, these methods are too expensive, suffer from the use of large volumes of
toxic organic solvents, and time-consuming. Thus, recent years have seen considerable
attention on preconcentration and/ or monitoring of trace and ultra trace concent rations of
bismuth by low cost procedures in a variety of samples e.g. fresh, marine and industrial
wastewater [13]. Solid phase extraction (SPE) techniques have provided excellent alternative
approach to liquid ¢ liquid extraction for bismuth preconcentra tion prior to analyte
determination step [14 -18].

Polyurethane foams (PUFs) sorbent represent an excellent solid sorbent material due to their
high available surface area, cellular and membrane structure and extremely low cost [19].
Thus, several liquid solid separation involving PUFs methods have been employed

successfully for separation and sensitive determination of trace and ultra trace levels of metal

ions including bismuth (Il1) [19 -29]. The membrane like structure and the available surface
area d the PUFs make it a suitable stationary phase and a column filling material [25, 27].
Thus, the main objectives of the present chapter are focused on: i. developing of a low cost
method for the removal of bismuth(lll) and (V) species after reduction of th e latter to tri

valence state employing PUFs impregnated PQ.CI- ; ii. Studying the kinetics, and

treated PUFs and finally iii. Application of the developed method in packed column for

complete removal and / or determination of bismuth (Il &V) species in wastewater by PQ +.ClI-
treated PUFs sorbent.

2. Experimental
2.1. Reagents and materials

All chemicals used were of A.R. grade and were used without further pu rification. Stock
UOOUUD OO w oyt \pigmuth {IILuvias prepared from bismuth (Il) nitrate (Aldrich

Chemical Co Ltd, Milwaukee, WC, USA). More diluted solutions of bismuth (II) (0.1 + Y Y ws T w
mL-1) were prepared by diluting the stock solution with  diluted nitric acid. Stock solutions of

procaine [2-(diethylamino)ethyl 4 aminobenzoate] hydrochloride, PQ *CI- (1.0 %w/v), Fig.1

and Kl (10%w/v) were prepared by dissolving the required weight in water (100 mL). A stock

solution (1%v/v) of trioctylamine ( Aldrich) was prepared in water in the presence of few drops

of concentrated HNO 3. Sodium bismuthate

il / CH,CH;s
Il /\/N\ .

O CH.CH;s
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HCI

H2N

Figure 1.Chemical structure of procaine hydrochloride.

(NaBiOs, 85% purity) (BDH, Poole, England) was used for preparation of stock solution (50
4 1T w of bismuth (V) in dark bottle [30] as follows: an accurate weight of NaBiO swas heated
in a suitable volume of HCIO 4 (20 mL, 0.5 mol L?) filtered and the solution was made up to
250 mL with deionized water and finally analyzed under the recommended conditions of
bismuth determination by ICP -OES (Table 1). The measured concentration was taken as a
standard stock solution of bismuth (V) in the next work. Bismuth (V) s olution was finally
stored in low density polyethylene bottles (LDPE) in dark. Stock solutions (0.1 -1% wi/v) of
PQ*CI- (BDH) and trioctylamine (Merck, Darmstadt, Germany) abbreviated as TOA were
prepared in deionized water containing few drops of concentra ted HNOs. Sodium
diethyldithiocarbamate (Na -DDTC) and PQ* .CI(1% wi/v) were purchased from Fluka, AG
(Buchs, Switzerland). Commercial white sheets of PUFs were cut as cubes (1015 mm),
washed, treated and dried. The reagent PQ .CI- (1.0 % w/v) was dissolved in water, shaken
with the PUFs cubes in the presence of TOA (1% v/v) with efficient stirring for 30 min,
squeezed and finally dried as reported [21].- The certified reference material (CRM) i.e. trace
metal in drinking water standard (CRM -TMDW) was obtained from High -Purity Standard
Inc. Sulfuric acid (0.5mol L) was used as an extraction medium in the sorption process of
bismuth (1ll) by the PUFs. Commercial white sheets of open cell polyether type polyurethane
foam were purchased from the local market of Jeddah City, Saudi Arabia and were cut as
cubes (1615 mm). The PUFs cubes were washed and dried as reported [21, 27]. A series of
Britton - Robinson (B-R) buffer (pH 2-11) was prepared as reported [31].

Parameter

Rf power (kW) 1050 (900.0)

Plasma gas (Ar) flow rate, L min-t 15 (15)

Auxiliary gas (Ar) flow rate, L min 1 0.2(1.2)

Nebulizer gas (Ar) flow rate, Lmin -1 0.80 (0.93)

Pump rate, mL min 1 1.5
Observation height, mm 15 Integration time, s 10

Wavelength, nm Bi 223.061

voltage =9.0; analog stage voltage 1750 V; pulse stage voltage =750 V; quadrupole rod offset
std = =0.0; cell rod offset =18.0; discriminator threshold =17.0; cell path wltage Std =-13.0
V and atomic mass 208.98 am.

Table 1.ICP-OES operational conditions and wavelength (nm) for bismuth determination*

2.2.Instrumental and apparatus

A Perkin - Elmer (Lambda 25, Shelton, CT,USA) spectrophotometer (190- 1100 nm) with 10
mm (path width) quartz cell was used for recording the electronic spectra and measuring the

absorbance of the ternary complex ion associate PQ Bila of bismuth (lll) at 420 nm before
and after extraction with the reagent PQ*.CI- treated PUFs. A
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Perkin EImer inductively coupled plasma ¢ optical emission spectrometer (ICP- OES, Optima
4100 DC (Shelton, CT, USA) was used and operated at the optimum operational parameters
for bismuth determination (Table 1). A Perkin Elmer inductively coupled plasma ¢ mass
spectrometer (ICP + MS) Sciex model Elan DRC Il (California, CT, USA) was also used to
measure the ultra trace concentrations of bismuth in the effluent after extraction by the
developed PUFs packed column at the operational conditions (Table 1). A Corporation
Precision Scientific mechanical shaker (Chicago, CH, USA) with a shaking rate in the range 10
¢ 250 rpm and glass columns (18 cm x 15 mm i.d) were used in batch and flow experiments,
respectively. De-ionized water was obtained from Milli -Q Plus system (Millipore, Bedford,
MA, USA). A thermo Orion model 720 pH Meter (Thermo Fisher Scientific, MA, USA) was
employed for pH measurements with absolute accuracy limits being defined by NIST buffers.

2.3. General batch procedures

2.3.1. Preparation oht immobilized reagent (PQCI) polyurethane foams.

The reagent PQ .CI-(1% wi/v)in water was shaken with the PUFs cubes in the presence of the
plasticizer TOA (1% v/v) with efficient stirring for 30 min. The loaded PQ *.CI- PUFs cubes
were squeezed and dried between two filter papers [20, 21]. The amount of PQ".CI- retained
onto the PUFs sorbent was calculated using the equation [21]:

al(C-C)o v Lw

where, Co and C are the initial and final concentrations (mol L -%) of the reagent (PQ.ClI-) in
solution, respectively, v = volume of the reagent solution (liter) and w is the mass (g) of the
PUFs sorbent. The reproducibility of PQ*.CI- treated PUFs is fine and the PUFs can be reused
many times without decrease in its efficiency.

2.3.2. Batch extraction step
An accurate weight (0.1 + 0.002 g) of unloaded or PQ*.Climmobilized PUFs was equilibrated

wiv) , H2SQu (0.5 mol L1 )and ascorbic acid (0.1%w/v) to minimize the aerial oxidation of KI.

The test solution was shaken for 1 h on a mechanical shaker. The aqueous phase was then

Ul xEUEUT EwOUUwWEa wWET EEOQUEUPOOWESEWUT 1 WEOGOUOUWOT wE
was then determined spectrohotometrically against reagent blank [32] or by ICP -OES at ultra

UUEEI wWEOOEI OUUEUPOOUB wW3iI 1 WwEOOUOUWOI wEPUOUUT w T
calculated from the difference between the absorbance of [Bik]-in the aqueous phasebefore

(Ab) and after extraction (Ar). The sorption percentage (%E) , the distribution ratio (D), the
EOOUOUWOI WEPUOUOT wel 11 4petlhitiras 6f sdidsériem (mal@)eatp E UD U O u
the distribution coefficient (K «) of sorbed analyte onto the foam cubes were finally calculated

as reported. The %E and k are the average of three independent measurements and the

precision in most cases was +2%. Following these procedures, the influence of shaking time

and temperature on the retention of bismu th (lll) by the PUFs sorbents was fully studied.

| 8t 6t 6wli Ul OUPOOWEOEwWUI EOYI Uawli wePUOUUT we!
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and H2SOQx (1.0 mol L1) was percolated through the PQ*.Cl-loaded PUFs (1.0 + 0.002 g) column
at 2.0 mL min- flow rate. A blank experiment was also performed in the absence of bismuth
@111 AWDPOOUGwW! PUOUUT wop( ( ( AwWUOUxUDOOWUOOOwWw*x OEET w¢
bismuth species in effluent solutions by ICP- OES. After extraction, the ultra trace
concentrations of bismuth (I11) remained in the test aqueous solutions were estimated by ICP-
MS. Bismuth (Ill) species were recovered quantitatively with HNO 3(3.0 mol L%, 10 mL) at 2.0
mL min - flow rate.

2.3.4. Retention and recovery of bismuth (V)
OwWEGUI OUUwUOOUUPOOwphYYSYwO+ Awdi wiab allGwadtb wp5 A wE
react with an excess of Kl (10% w/v)- H2SO: (1.0 mol L). The solution was then percolated
through PQ+* .Cl-loaded PUFs (1.0 + 0.002 g) packed column at 2.0 mL mi# flow rate of 2.0
mL min 1. The retained bismuth (l1I) species were recovered with HNO 3 (10.0 mL, 1.0 mol L)
at 2.0 mL min- flow rate and analyzed by ICP - OES.

2.3.5. Sequential determination S0 EOWEDUOUUT wepl 11 AWEOE wp5 A ww

L-twas analyzed according to the described procedure for bismuth (V) retention and recovery.
Another aliquot portion (100 mL) was adjusted to pH 3 - 4 with acetate buffer and then shaken
with Na -DDTC (5 0 mL, 1%w/v) for 2-3 min. Bismuth (Ill) ions were then extracted with
methylisobutylketone (5.0 mL) as Bi (DDTC)safter 2 min [24]. Bismuth (V) remained in the
aqueous solution was reduced to bismuth (Ill) by an excess of KI (10% w/v) in the presence of
H2S04 (0.5 mol L) and then percolated through the PQ*.Cl-loaded PUFs column at 2 ml min
1 flow rate at the optimum experimental conditions. The retained bismuth species were
recovered and finally analyzed following the recommended procedures for bismuth (lII).
Thus, the net signal intensity of ICP- OES ( or ICRMS) at ultra trace concentrations of the first
aliquot (I 1) will be a measure of the sum of the bismuth (l1l) and (V) ions in the mixture, while
the net signal intensity of the of the second aliquot (I2) is a measure of bismuth (V) ions. The
difference (l1-12) of the net signal intensity is a measure of bismuth (lll) ions in the binary
mixture.

2.4. Analytical applications

24.1. Analysis of certified reference material TMDW

The TMDW water sample (2 mL) was digested with nitric acid (10 mL, 3.0. mol L ‘1) and
hydrogen peroxide (10 mL, 10% v/v), boiled for 5 min and diluted by an excess of Kl (10%
wiv) - H2S0s (1.0 mol L?) to 100 mL. After cooling, the test solution was percolated through

the PQ*.Cl-loaded PUFs column at 2 ml min - flow rate. The retained bismuth species were
recovered with HNO 3(10.0 mL, 1.0 mol L) at 2.0 mL min- flow rate and nalyzed by ICP - OES
following the recommended procedures for bismuth (l11).

2.4.2. Analysis of total bismuth in wastewater
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(Milex, Millipore Corporation). The test solution was digested with nitric acid (10 mL, 3.0. mol
L-Y) and hydrogen peroxide (10 mL, 10% v/v), boiled for 5 min and spiked with different
amounts (0.05 Y8 k wOMT uwBEPUOUUT w gl df Brkancdsd wf KIU(L0G%I wivE Iftar
centrifugation for 5 min, the sample solutions were percolated through PQ *.Cl- loaded PUFs
packed columns at 5 mL min-! flow rate. The concentration of bismuth in the effluent solution
was determined by ICP - MS. The retained bismuth (lll) species on the PUFs were then
recovered and analyzed as described above.

2.4.3. Analysis of total bismuth in seawater

The general procedure for the extraction and recovery of bismuth (lll) ions from seawater
samples onto PQ".Cl-imp regnated PUFs was performed as follow: A 100 mL of water samples
in the presence of Kl (0.1%w/v) and ascorbic acid. The sample solution was then passed
through PQ*.CI- impregnated PUFs (1.0 + 0.001 g) packed column (10 cm x 1.0 cmi.d.) at 5 mL
min. 1 The retained bismuth(lll) species were then recovered and analyzed as described above.
The recovered bismuth (111) ions were then determined by ICP -OES.

3. Results and discussion

In recent years [28, 29], PUFs immobilizing some ion pairing reagents have received
considerable attention for selective separation, determination and / or chemical speciation of
trace and ultra trace metal ions. The non-selective sorption characteristic of the PUFs has been
rendered and became more selective by controlling the experimental conditions e.g. pH, ionic
strength, etc. Preliminary investigation has shown that, on shaking unloaded PUFs and
PQ*.Cl-immobilized PUFs with aqueous solu tions containing bismuth (Ill) ions , KI (10%w/v)
and H2SQ: (0.5 mol L1, considerable amount of bismuth (lll) species were retained onto
PQ*.Cl- treated PUFs in a very short time compared to the untreated PUFs ones. Thus, in
subsequent work, detailed study on the application of PQ *.Cl-immobilized PUFS for retention
of various bismuth (lll & V) species to assign the most probable kinetic model, sorption
isotherm models, mechanism and thermodynamic characteristics of retention of bismuth (111)
from the test agueous solutions.

3.1. Retention profile of bismuth (Il) from the aqueous solution onto PUFs

' PUOUUOT wel 11 A wiyéanGetlaedl @umaiddohisthiithate(lll) complex, [Bil 4] [32]

in aqueous solutions containing sulfuric acid (0.5 mole L) and an excess of Kl (10%w/v).

3T UUOwWUT T wUOUXxUPOOwWxUOI BOT woOi wEE@UI OULVLWUOOULUPLOOU
PQ*.Cl- loaded foams was critically studied after shaking for 1h at room temperature. After

I GUPOPEUDPUOOW U1 1 w E OO theu aQueous Efas® Wasi detepiided X
spectrophotometrically [32]. The results are shown in Fig. 2. The %E and ki O WEDUQUUT wpT
sorption onto the PUFs markedly decreased on increasing solution pH and maximum uptake

was achieved at pH zero. At pH >1, the sorption of bismuth (Ill) by PQ *.ClI- treated PUFs

towards bismuth (Ill) decreased markedly (Fig.2). This behavior is most likely attributed to
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the deprotonation of the ether oxygen (-CHz¢ Ot CHz 1) and/or urethane nitrogen (- NH ¢
COt) of PUFs, instability, hydrolysis, or incomplete extraction of the produced ternary
complex ion associate of PQ.[Bil4]~ on/ in the PUFs sorbent.

90 7

%E

30 7

0 2 4 6 8 10
pH

Figure 2. Effect of pH on the sorption percentage of bismuth (I11) from aqueous solutions containing KI
(10% miv) - H2SO+ (2.0 mol L) onto PQ* .CI- immobilized PUFs (0.1 + 0.002 g) at 25 + 0°C.

The retention of bismuth (1 ) at low pH of aqueous media is most likely attributed to
sorbent membranes. The pKavalues of protonation of oxygen atom of ether group ( -CH2
OH*- CH 2-) feam and nitrogen atom of the amide group (-N *Hz2- COO-) foam are -3 and 6,
respectively [32]. Thus, in extraction media containing H 2SO (0.50 mole L ™) and KI, the
complexed species of bismuth [Bil 4] are easily retained onto the protonated ether group of
the PUFs than amide group of PUFs sorbent. The stability constants of the binding sites of
the PUFs with [Bil 4" were calculated using the Scatchard equation [33]:

ﬁnmiun)

and n is given by the equation:

ng weight of bismuth bound to foam ( g)

weight of foam (g) ®)

)



288 Polyurethane

where, K = stability constant of bismuth (lll) on PUF, ni = maximum concentration of sorbed
bismuth (1ll) by the available sites onto the PUFs, and [Bi] is the equilibrium concentration of
bismuth (Ill) in solution (mol L -1). The plot of n /[Bi] versus nis shown in Fig. 3. The curvature
of the Scatchard plot demonstrated that more than one class of complex species of bismuth
(Il has been formed and each complex has its own unique formation constant. The stability
constants log K: and log Kz for the sorbed species derived from the respective slopes were 5.56
+0.2 and 4.82 + 0.5, respectively. The values of mand n: calculated from the plot were found
equal 0.038 £ 0.005 and 0.078 + 0.01 mottgrespectively. The values of the stability constants
(log K1 and log K2) indicated that, the sorption of bismuth (lll ) species took place readily on
site K1 that most likely belong to the ether group. The fact that, ether group has a stability
greater than the amide group (site Kz2) as reported [32]. Moreover, the high values of K1 and
Kz indicated that, both bonding site s of PUFs are highly active
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towards [Bil 4] species in good agreement with the data reported involving the extraction of
the bulky anion [Bil 4] by methyl isobutyl ketone and other solvents that posses ether
linkages in their structures e.g. diethyl ether and isopropyl ether [34]. Based on these data
and the results reported on the retention of AuCl 4 and Cdl 4by PUFs [29, 34], a sorption
mechanism involving a weak base anion ion exchanger and/ solvent extraction of [Bil 4]aq by
the protonated ether oxygen or urethane nitrogen linkages of the PUFs as a ternary complex

Ether group, PUF:
(-CHzO-CH2)foam+H* O  (-CH2zHO *—CH2) foam 4)

(-CH2-HO *—CH2) foam + [Bil4f'aa O [-CH2HO *—CHz2]. [Bil4]" foam (5)
Urethane group, PUF

(_ NH - COO- ) foam + H* [0 (--NH +2{:OO-)foam (6)

(—N*H2—COO- Yoam + [Bilfaa [ [-N*H2—COO- ] .[Bil 4] oam @)

15000

10000

n/[Bi] (L/mol)

50007

0 T T T T T *

0 0.01 002 0.03 0.04 005 006 0.07 0.08

n (mol/g)

ion associate is most likely proceeded as follows:
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Figure 3.Scatchard plot for the binding of [Bil 4]- species by PQ .Cl-immobilized PUF (0.1 + 0.002 g) from
aqueous media containing Kl (10 % m/v) - H2SQs (0.5 mol L) at 25 + 0.9C.

The distribution ratio of bismuth (l1l) onto PQ *.Cl- immobilized PUFs showed high retention
(D=6.17 x 16 mL g-1) compared to the unloaded PUFs (3.05 x 1@mL g-1) due to the formation
of the ion associate ([(PQ). (Bils)] toam On/in treated PUFs. Thus, the solution pH was adjusted
atpH0.0% 1.0 and PQ.Cl'treated PUFs was used as a proper sorbent in the subsequent work.

The influence of the plasticizer e.g. tri-n-octylamine (TOA, 0.5 -2.0 %v/v) and tri-n-butyl -

phosphate (TBP,0.01%v/v) on the retet D OO wOI WEDUOUOT wepl 11 Awl UOOwWUT 1
the PQ*.CFOOEET Ew/ 4 %UwWPEUWUUOUEDPT Edw! PUOUUT wepl 11 AwUOU:
(D =6.6 X10mL g?) in presence of TOA (1% v/v). The formation of the co ternary complex

ion associates TQA*.Bila* and PO*. Bil4- in acidic media may account for the observed increase.

t 61 6w* DOl UDPEWETI T EYDPOU WO wE® UTON Iodded ®UFE 1 A wU O U x
The influence of shaking time (0 —t Y wOPOAwOOwOT 1 wU x) frdinQtieaddéousE DU O U U
acidic media at pH zero was investigated. The sorption of bismuth (Ill) ions onto TOA

plasticized PQ* .Cl- immobilized PUFs was fast and reached equilibrium within 60 min of

shaking time. This conclusion was supported by calculation of t he half-life time (tv2) of

bismuth (Ill) sorption from the aqueous solutions onto the solid sorbents PUFs. The values of

tvz calculated from the plots of -log C/ Coversus time for bismuth (Ill) sorption onto PUFs,

where Coand Care the original and fin al concentration of bismuth(lll) ions in the test aqueous

solution, respectively . The value of tyz was found 2.32 0 0.04 min in agreement with tvz value

reported earlier [19]. Thus, gel diffusion is not only the rate -controlling step for PQ* .CI-

immobi lized PUFs as in the case of common ion exchange resins [19] and the kinetic of

bismuth (1) sorption by PQ *.Cl-immobilized PUFs sorbent depends on film and intraparticle

diffusion step where, the more rapid one controls the overall rate of transport.

The sorbed bismuth (1) species onto PUFs sorbent was subjected to WeberMorris model
[35]:

Q=R ()7 (8)

' PDwepl 11 AwE OOE I Pditing Uittt we irded Figud) was linear (R2= 0.989)
at the initial stage of bismuth (Ill) uptake by TOA plasticized PQ *.Cl- loaded PUFs sorbents
was linear up to 10 £ 1.1 min and deviate on increasing shaking time. The rate of diffusion of
[Bil4]-aq species is high and decreased on increasing shaking time. Thus, the rate of the
retention step of [Bil4]aq onto the used solid sorbent is film diffusion at the early stage of
extraction [34, 35]. The values of R computed from the two distinct slopes of Webert Morris
plots (Fig.4) for bismuth(lll) retention by the solid sorbent were found equal 3.076 + 1.01 and
0.653 m mole g with correlation coefficient (R 2) of 0.989 and 0.995, respectively. The observed
change in the slope of the linear plot (Fig.4) is most likely attributed to the different pore size
[34, 35]. Thus, intra-particle diffusion step is most likely the rate determining step.
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Figure 4. Weber — Morris plot of sorbed bismuth (III) onto PQ* .Cl- immobilized PUFs vs. square root of
time. Conditions: Aqueous solution (100 mL) containing KI (10 % m/v) and H2504 (0.5 mol L), foam
doze = (0.1 +£0.002 g and 25 + 0.1°C.

The retention step of the [Bila] species onto the loaded PUFs at 25 + 1 °C was subjected to
Lagergren model [28]:

KLager t (9)

log (ge-qt) = logge - 7300

where, ge is the amount of [Bils] sorbed at equilibrium per unit mass of PUFs sorbent (umoles
g1) ; Kuager is the first order overall rate constant for the retention process per min and t is the
time in min . The plot of log (ge — q) vs. time (Fig.5) was linear. The computed value of Krager
was 0.132 + 0.033 min (R*= 0.979) confirming the first order kinetic model of sorption of [Bil]
species onto the solid sorbent [29]. The influence of adsorbate concentration was investigated
and the results indicated that, the value of Kiager increased on increasing adsorbate
concentration confirming the first order kinetic nature of the retention process and the
formation of monolayer species of [Bila] onto the surface of the used adsorbent [26, 29].

14
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g
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Figure 5.Lagergren plot of bismuth (l1I) uptake onto PQ *.CI- PUFs from agueous solutions containing
KI (10 % m/v) - H2SOs (2.0 mol L2) vs.time at 25 + 0.2C. ]

The sorption data was also subjected to Bhattacharya Venkobachar kinetic model [36].

-Kohatt log (1-U(t) )0t (10)
2.303

where, U0 0O Co - Co
where, Ksnat = overall rate constant (min * 1), t = time (min), Ct= concentration of the bismuth
(IN) attime tin 4g mLE Ce= concentration of Bi (1 Yat equilibriumin 4g mLE The plot of
qu.time was linear (Fig.6) with R ?=0.987. The computed value of K shat (0.143 *+
0.002min ™ from Fig. 6 was found close to the value of K tager (0.132 + 0.033 min') providing
an additional indication of first order kinetic of bismuth ( 1 Jretention towards PQ *.Cl
loaded PUFs sorbent.
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Figure 6. Bhattacharya-Venkobachar plot of bismuth (1 ) retention from aqueous media containing K
(10% m/v) - H2SO+ (0.5 mol L) at 25+ 0.2°C onto the PQ*.CI- and TOA loaded PUFs.

The value of BT, which is a mathematical function (F) of the ratio of the fraction sorbed (q 1)
at time t and at equilibrium (g e)in % mole g Hie F= gt/ g e calculated for each value of F
employing Reichenburg equation [36].

BT [ - 0.4977- 2.303 lay (1- F)
C -Caot
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(11)

The plot of Bt versus time at 25 + 1°C for TOA plasticized PQ *.Cl- PUFs towards bismuth (IIl)
species was linear( R = 0.990) up to 35 min ( Fig. 7) . The straight line does not pass through
the origin indicating that, particle diffusion mechanism is not only responsible for the kinetic
of [Bil4]sorption onto the PQ* .Cl- treated sorbents. Thus, the uptake of [Bil]- onto the
employed sorbents is most likely involved three steps: i- bulk transport of [Bil 4]- in solution,
i - film transfer involving diffu sion of [Bil 4]- within the pore volume of TOA plasticized PQ *
.Cl- treated PUFs and/ or along the wall surface to the active sorption sites of the sorbent and
finally iii - formation of the complex ion associate of the formula [- CH>- HO

*— CH2]. [Bil4]'Foam OF [-"NH 2 — COO"]. [Bil4]'roam. Therefore, the actual sorption of [Bil4] - onto
the interior surface of PUFs was rapid and hence particle diffusion mechanism is not the rate
determining step in the sorption process. Thus, film and intraparticle transp ort might be the
two main steps controlling the sorption step. Hence, "solvent extraction" and/or "weak base
anion ion exchanger" mechanism is not only the most probable participating mechanism and
some other processes e.g. surface area and specific sites the PUFs are most likely involved
simultaneously in bismuth (Ill) retention [37].

4-
m2-
.
0
0 10 20 30 40
Time, min

Figure 7. Reichenburg plot of bismuth (1 ) retention from aqueous media containing Kl (10 % m/v) -
H2S0# (0.5 mol L) at 25+ 0.1°C onto PQ* .CI loaded PUFs.

3.3. Thermodynamic characteristics of bismuth (1 ) retention onto plasticized
PQ*.Cl loaded PUFs

Bismuth (1 ) retention onto TOA plasticized PQ *.CI PUFs was studied over a wide range of
temperature (293-353 K) to determine the nature of bismuth (ll) retention onto solid sorbent
at the established experimental conditions. The thermodynamic parameters (. H, . S, and
_ G) were evaluated using the equations:

DEMDJLS

In K
‘Urr UR

(12)

oGooko TS (13)
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PT 1 Ul OQw. 'GOand P éreuthe enthalpy, entropy, Gibbs free energy changes and
Ul Ox1 UECQUUT wbOw*1 OYpOOwWUI Ux1 EUDY It0mlt).KOE thd wbPDUw O
equilibrium constant depending on the fractional attainment (Fe) of the sorption process. The
values of KcOT WEPUOUUT wepl 11 AwUT U1 OUPOOwWI UOOwWUT T wll UOWE
plasticized PQ*.CI- PUFs were calculated using the equation:

Fe

KeD (14)
10Fe

Plot of In Kc vs. 1000/T (KX wi OUWEDUOUUT wepl 11 A Bldved theOwit® ar@eub E U w O
of temperature range (293 323 K). The value of Kc decreased on increasing temperature,

revealing that, the retention process of [Bil4]-species onto the sorbents is an exothermic process

[21,22131 1 wOUOT UPEEOwWY E O W wEuEd] Eul O EQU E2ud uEGRwD T 1T wU OO x|
linear plot Fig. 8 were -18.72+ 1.01 kJ mol , 5457+ 05 J md K?
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Figure 8. Plot of In Kc vs. 1000/T (K*) of bismuth (lll) sorption from aqueous media containing KI (10 %
miv) - H2SOx (0.5 mol L'Y) onto PQ* .CI- treated PUFs.

The retention of bismuth (llIl) by plasticized PQ *.Cl" loaded PUFs was also subjected to Vant
Hoff model:

_ooH

log Kd I ocC (15)
where, C is a constant. Vant- Hoff plot of log K ¢ vs-f bismuth (1 ) uptake from
the test aqueous media of KI (10 % m/v)- H 2SO+ (0.5 mol L! onto plasticized PQ™.CI" loaded
PUFs sorbent was linear (Fig. 9). The value of | H calculated from the slope of Fig. 9 was-
20.1 +1.1 kJ molMin good agreement with the values evaluated from equations 12 and 13.
The | S of activation were lower than T S at all temperature. Thus, the retention step is
entropy controlled at the activation state.
and -2.46 = 0.1 kJ mot (at 298 K), respectively with a correlation factor of 0.998.



Fast, Selective Removal and Determination of Total Bismuth (1l1) and (V) in Water by Procaine
LYY20Af Al SR

‘c eflecied thé) dxdtherfiE bbRavidd bfw # wE OE

| @RNROKE 2NARS

3T T wOITEUPYI wYEOUI woi w,

t2f @d2NBGKIFyS C22057

t 018

EPUOUUT wepl 11 AwUxUEOT wEa wUIl lelacirddtatiGsantiry dobmatdm E w/ 4 %U

EIl Op1 1 OwOl 1 WEEUOUE] OUWEOEwWUT 1 WEEUOUEEUIT 8 w3
uptake are organized onto the used sorbent in a more random fashion and may also indicative
of moderated sorption step of the complex ion associate of [Bils]-and ordering of ionic charges
without a compensatory disordering of the sorbed ion associate onto the used sorbents. The
sorption proET UUwHOYOOYI UwEWET EUI EUT wbOwi Ul 1T wi OI
confirmed above. Moreover, on raising the temperature, the physical structure of the PUFs
membrane may be changing, and affecting the strength of intermolecular interactions
between the membrane of PUFs sorbent and the [Bik]- species. Thus, high temperature may
make the membrane matrix become more unstructured and affect the ability of the polar
segments to engage in stable hydrogen bonding with [Bil 4]

species, which would result in a lower extraction. The negative of G at 295 K implies the
spontaneous and physical sorption nature of bismuth (Ill) retention onto PUFs. The decrease
in _ G on decreasing temperature confirms the spontaneous nature of sorption step of
bismuth (1ll) is more favorable at low temperature. The energy of urethane nitrogen and/or
ether oxygen sites of the PUFs provided by raising the temperature minimizes th e
interaction between the active sites of PUFs and the complex ion associates of bismuth ( 1 )
ions resulting low sorption via "Solvent extraction” [38]. These results encouraged the use of
the reagent loaded PUFs in packed column mode for collection, and sequential
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Figure 9. vant - Hoff plot of log K d vs.1000/T (K?) of bismuth (1 J retention from aqueous media
containing Kl (10 % m/v) - H2SO# (0.5 mol L) onto PQ* .CI- loaded PUFs.
determination of bismuth (1) and (V) in water samples.
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The development of a suitable preconcentration and/ or separation procedures for
determination of trace concentrations of bismuth (Ill) in water is becoming increasingly
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important. PUFs physically immobilized with a se ries of quaternary ammonium ion
pairireagents e.g. tetraphenyl phosponium chloride, amiloride hydrochloride, tetraheptyl
ammonium bromide or procaine hydrochloride was tested for the separation of bismuth (lIl)
from aqueous iodide aqueous media. The results revealed considerable retention of bismuth
(Il onto PQ* .Cl- loaded PUFs compared to other onium cations. Thus, the retention profile
of bismuth (1) over a wide range of equilibrium concentrations of bismuth (1) ions onto PQ
.Cl- loaded PUFs sorbent from aqueous Kl (10%w/v) -H2SQs (1.0 mol L) solutions was
investigated. The amount of [Bil 4] * retained onto the PUFs at low or moderate bismuth (l11)
concentration varied linearly with the amount of bismuth (lll) remained in the test aqueous
solution (Fig. 10).The equilibrium was approached only from the direction of

[Bil4] speciesrich aqueous phase confirming a first- order sorption behavior [39]. The
sorption capacity of bismuth (1) species towards PQ *.Cl-immobilized PUFs as calculated
from the sorption isotherm (Fig.10) was 40.0 + 1.10 mg ¢@". The plot of distribution coefficient
(Kd) of bismuth (1 ) sorption between the aqueous solution H 2S0x (0.5 mol L-1) and Kl (10%
w/v) and PQ *.Cl" loaded PUFs sorbent is given in Fig. 11. The most favorable values of Kd of
bismuth (1 ) sorption onto PUFs sorbent were also obtained from more diluted aqueous
solutions (Fig. 11). The Kd values decreased on increasing the concentration of bismuth (1 )
ions in the aqueous phase and the PUFs membranes became more saturated with the
retained [Bil 4] species.

07 T T T \
0 5 10 15 20

mg Bi [

Figure 102 OUx UPOOwHh UOUT 1 UOwWOI WwED UOU U 1:30q40.5 niolA &) bnd KiQuaet g U1 O U U wU
w/v onto the PQ*. Cl-immobilized PUFs.
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Figure 11. Plot of the distribution coefficient (K d) of bismuth (1 ) sorption between the aqueous
solution H 2S04 (0.5 mol L-1) and Kl (10% w/v) and PQ".Cl" loaded PUFs

Sorption of bismuth (1 ) onto PUFs sorbent was subjected to Langmuir isotherm model
expressed in the following linear form [40]:

Ce g+ g<&
Cads ~ Qb Q

where, Ceis the equilibrium concentration (#g mL™) of bismuth (1 )in the test solution, Cadsis
the amount of bismuth (1) retained onto PUFs per unit mass. The Langmuir parameterQ and
b related to the maximum adsorption capacity of solute per unite mass of adsorbent required
for monolayer coverage of the surface and the equilibrium constant related to the binding
energy of solute sorption that is independent of temperature, respectively. The plot of Ce/Cads
vs. Ce over the entire range of bismuth (1 ) concentration was linear (Fig.12) with correlation
coefficient of, R>=0.998 indicating adsorption of the analyte by PQ*.Cl treated PUFs sorbents
followed Langmuir model. The calculated values of Q and bfrom the slope and intercept of
the linear plot (Fig.12) were 0.21 + 0.01 m mol'gand 5.6 = 0.20 x Q. mol™, respectively.

(16)

Dubinin - Radushkevich (D - R) isotherm model [41] is postulated within the adsorption space
close to the adsorbent surface. The BR model is expressed by the following equation:

02

In CadsO In Kpr O O a7)

t 018
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where, Kk DBUwWUT 1T wWwOERPDOUOQWEOOUOUWOI wEPUOUUT wepl 11 AwUIl C

which is given by the following equa tion:

G=RT In (1+1/Ce) (18)

Ce / Cads

C

[}

Figure 12. | angmuir sorption isotherm of bismuth ( 1 ) uptake from aqueous solution onto PQ*.CI-
loaded PUFs at optimum conditions.

The plot of In C adss versus | 2was linear with R 2=0.986 (Fig. 13) for the PQ .Cl" immobilized

PUFs indicating that, the D-R model is obeyed for bismuth ( 1 ) sorption over the entire

concentration range . The values of ¢ and Kpr computed from the slope and intercept were

found 0.33 + 0.01 moP KMand 171 + 2.01% mol g%, respectively. Assuming that, the surface

of PUFs is heterogonous and an approximation to Langmuir isotherm model is chosen as a
OOEEOwWPUOUT 1 UOwi OUWEOOwWUDPUT UwOT ECwWEUT wi 61 UT1 UDPE
the mean of free energy (E) of the transfer of one mole of solute from infinity to the surface of

PUFs. The E value is expressed by the following equation:

1
ED (19)

Vo200

The value of E was found 1.23 = 0.07 KJmot for the PQ*.CI- loaded foam. Based on these
results, the values of Q and b and the data reported [42, 43], a dual sorption sorption
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mechanism involving absorption related to "weak ¢ base anion ion exchange" and an added
component for "surface adsorption" is the most probable mechanism for the uptake of bismuth
@1 11 A wE PURS Thisnbdel cBnube expressed by the equation:
SKG q
C abs[]CadsDCaqpy— 20
QQ abspCadspy Dngaq (20)

where, Crand C aq are the concentrations of bismuth (l1) retained onto the PUFs and the
aqueous solution at equilibrium, respectively. C absand C ads are the concentrations of the
absorbed and adsorbed bismuth (1 ) species onto the PUFs at equilibrium, respectively and
S and K are the saturation parameters for the Langmuir adsorption model.
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Figure 13. Dubinin -Radushkevich (D-R) sorption of bismuth (1 ) extraction from aqueous solution onto
PQ+.Cl loaded PUFs at the optimum conditions

t 6kdw" T UOOEUOT UExT PEWEI T EYDPOUWOI WEDPUOUUIT wepl
The membrane like structures, the excellent hydrodynamic and aerodynamic properties of
PUFs sorbent [42, 43], kinetics, capacity and the sorption characteristics of bismuth (Ill)
retention towards plasticized PQ *.Cl- PUFs sorbent [39] encouraged the use othe sorbent in
packed column for quantitative retention of bismuth (lll) from the test aqueous iodide
solution. Thus, the test solutions (1.0 L) of the deionized water containing Kl (10% w/v) -
H2SQs (1.0 mol L) was spiked with various trace concentrations (5-tuY Y w4) bftbismuth
(Il and percolated through the PUFs packed columns at 5 mL min-! flow rate. ICP-OES
measurements of bismuth in the effluent indicated complete uptake of bismuth (lll). A series
of eluting agents e.g. NH4aNO s, HCIOsand HNO s (1-5. mol L) was tested for complete elution
of the retained bismuth (Ill). An acceptable recovery (96.0 + 2.1) of bismuth (Ill) was achieved
using HNO 3 (10 mL, 3 mol L) at 2 mL min-! flow rate. Therefore, HNO s (3 mol L1) was
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selected as a proper eluing agent for bismuth (Ill) from the packed columns. With HNO 3,
reproducibility data even at ultra trace concentrations (0.5 ng mL- A w Ol WEDUOUOUT waopl 1
successfully achieved. The data of pre concentration and recovery of various concentrations
of bismuth (Ill) are summarized in Table 2. A recovery percentage in the range 98.0 £+ 1.5
104.2 + 2.3vas achieved confirming the performance of the developed of PQ*.Cl-loaded PUFs.

1 PUOUUOT wepl 11 AWUEOT OIOPUOGUUT wopl 11 A ureddwd) E O w
41 sl th% *10098.598.0 +1.55052 104 +2.31010.2101+1.1

* Average (n=5) * relative standard deviation.

packed columns

The proposed PUFs packed columns was also tested for collection and recovery of bismuth

5 AwUxT EDIKwipd@®@uws®wi+O00wlOOUUPOOUWET Ul UwUi EVEC
reducing agents e.g. HS, NaSGs, and Kl was tested and satisfactory results were achieved

using Kl. Thus, in the subsequent work, Kl was selected as a proper reducing agent for
EPUOUUT wepS AwOOWEDUOUUT wep( (( AwUx] EPI UBwil EVEUDOOU
simple and also form a stable [Bil4] species. The soluions were then percolated through PUFs

packed column following the described procedures of bismuth (ll) retention. The results are

summarized in Table 3. An acceptable recovery percentage of Bismuth (V) in the range 94.0 +

2.1% 95.0 + 3.5 was achieved. fie proposed PUFs packed column was also tested for chemical

speciation and determination of total bismuth (Ill) and (V) species in their mixtures. An

aqueous solution of bismuth (Ill) and (V) was first analyzed according to the described

procedure for bism uth (V). Another aliquot portion was also adjusted to pH 3 ¢ 4 and shaken

with Na -DDTC for 2-3 min and extracted with chloroform (5.0 mL) as Bi (DDTC) s [33]. The

remaining aqueous solution of bismuth (V) was reduced to bismuth (Ill) with KI (10%w/v) -

H2SQ: (0.5 mol L) and percolated through the PQ*.Cl-loaded PUFs column. The retained

bismuth species were then recovered and finally analyzed following the recommended

procedures of bismuth (Ill) retention. The signal intensity of ICP - OES of the first aliquot (I1)

is a measure of the sum of bismuth (lll) and (V) ions in the mixture, while the net signal

intensity of the second aliquot (I 2) is a measure of bismuth (V) ions. The difference (k-12) of the

net signal intensity is a measure of bismuth (lll) ions in the binary mixture. Alternatively,

EPUOUUT wpl 1 TspnuhE MethyliBoim#y#katbn& phase was stripped to the aqueous

phase by HNOs (1 mol L) and analyzed by ICP-OES The results are given in Table 4. An

acceptable recovery percentage in the 95 + 3.01-104.3 + 4.5%)1 wEPUOUUT wepl 11 AwED
was achieved.

' DUOUUT wps AWEEET EwsDWOUOT weps Awi OBRé&avaysh T w+
100 95+15950£35250 235+5094.0+2.1

*Average recovery of five measurements =+ relative standard deviation.

Table 3.Recovery (%) of bismuth (V) ions from deionized water by PUFs packed columns
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' Dwoepl 11 Aw Bi (V)
20 25 47+ 35 104+ 45
25100 118+594.4+29101018.5+1.5925 +3.01

* Average recovery of five measurements * relative standard deviation.

3.6. Capacity of the PQ*.Cl-immobilized PUFs

The developed method was assessed by comparing the capacity of the used sorbent towards
bismuth (l1I) sorption with most of the reported solid sorbents e.g. 2, 5 - di- mercapto-1, 3,
4thiadiazol loaded on Silica gel [44] and amionophosphonic dithio -carbamate functionalized
polyacrylonitrile [45]. The capacity of the used PQ *.Cl-loaded PUFs sorbent (40.0 + 1.10 mgg
1) towards bismuth (Ill) retention was found far better than the data reported by other solid
sorbents e.g. 2, 5 dimercapto-1, 3, 4thiadiazol loaded on Silica gel (3.5 mg g') [44] and
amionophosphonic dithiocarbamate functionalized poly acrylonitrile (15.5 mg g ) [45] and
some other solid sorbents>

3.7. Analytical performance of the immobilized PUFs packed column

The performance of the PUFs packed column was described in terms of the number (N) and
the height equivalent to the theoretical plate (HETP) Thus aqueous solution (1 0 L)
was percolated through the PUFs packed columns (1.0 £0.001 g) at 5 mL mirt flow rate.
Complete retention of [Bil 4]- was achieved as indicated from the analysis of bismuth in the
effluent solution using ICP-, 28 w31 1 wUl UEDOI EWEDPUOUUT wepl 11 AwUxI
HN Os (10 mL, 3 mol L) and a series of fractions (2.0 mL) of eluent solution at 2.0 mL min?
were then collected and analyzed by ICP ¢ OES. The calculated values of N and HETP values
from the chromatogram method (Fig. 14) using Gluenkauf equation [14] were e qual to 90 +
3.02 and 0.11+ 0.02mm, respectively. The values of N and HETP were also computed from the
breakthrough capacity curve (Fig. 15) by percolating aqueous solution (2.0 L) containing
EPUOUUT wopl 1 1ukderBHs wxpeyidantal conditions thr ough PQ*.Cl- loaded PUFs
column at 5 mL min -flow rate of. The critical and breakthrough capacities [42, 45] calculated
from Fig.15 were 1.95 + 0.1 and 31.25 + 1.02 mg'grespectively. These HETP (97 £ 4) and N
(0.13 + 0.02 mm) values are in good agreerant with the values obtaioned from the
chromatogram method.
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Figure 14. Chromatogram of bismuth (1 ) recovery from PQ+.ClI- loaded PUFs packed column using
nitric acid (5 mol L 1) as eluting agent at flow rate of 2.5 mL min*

1000

0 500 1000 1500 2000

Feed volume, mL

Figure 15Breakthrough capacity curve for bismuth retention onto PQ+.Cl - loaded packed column at the
optimum conditions.
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3.8. Figure of merits of the PQ +.Cl-immobilize PUFs packed column

The LOD, LOQ, enrichment and sensitivity factors and relative standard devia tion, (RSD)
under the optimized conditions were determined. The plot of signal intensity of ICP - OES ()
versus bismuth (Ill) concentration (C) has the regression equation:

I= 4.19 x16C (ng L) + 12.96 (r=0.9995) (21)

According to IUPAC [46, 47], the LOD = 3Si/b and LOD = 10Sx/b were 0.9 and 3.01 ngl?,
respectively (V sampe = 100 mL) where, S is the standard deviation of y- residual and bis the
slope of the calibration plot [46]. The LOD of the developed method is much better than direct
measurement by ICP4 . $ 2 wk 8 YuThd earidhment factor (Fe = Vsb /Vey) was defined
as the ratio between the volume of analyte sample (Vsp = 10® mL) before preconcentration
and the eluent volume (V) after retention and recovery. An average value of Fc of 100 was
achieved. The sensitivity factor (the ratio of the slope of the preconcentrated samples to that
obtained without preconcentration) wa s 33.3. The RSD of the method for the determination
Ol WUUEOEEUEWEDUOUUT Yumas £ 5% @nt 8) Gotifithind hewpnekigjoréf theu +
method. The figure of merits of the developed method were compared satisfactorily to the
reported methods e.g. ICP-OES [45], spectrophotometric [47] and electrochemical [49-51]
(Table 5) in water confirming the sensitivity and applicability of the proposed method. The
LOD of the method could be improved to lower values by prior pre concentration of bismuth
(1) species from large sample volumes of water (>1.0L). Thus, the method is simple and
reliable compared to other methods [50 -52].

SPE Technique +DO01 EUVUWUE O] 6104 T -Reference
Microcrystalline UV ¢ VisOt 2 X106 — 34 benzophenone
Microcrystalline DPP 180¢ 135x1CG 55 35 naphthalene

Octylsilane (RP-8) ASV 10.5¢ 1000 0.73 36 cartridge
Amberlite XAD -7 resin HG-ICP-OES Up to 100 0.02 6
Modified Chitosan ICP-MS 0.1* 15
PQ*.Cltloaded PUFs ICPt OES 0.01¢ 100 2.7* Presert
work

ng Lt

Table 5.Figure of merits of the developed and some of the reported SPE coupled with spectrochemcal
and electrochemical techniques for bismuth determination in water

3.9. Interference study

The influence of diverse ions relevant to wastewater e.g. alkali and alkali earth metal ions Ca?*,

Mg?+, CI, Zn%, Mn%, Cu2+, Hg%, Fe*, Fe*, P>, Al%, Ni%t, Co2* and nitrate at various
concentrations (0.5-1.0 mg/ 100 mL sample solution) on the sorpd D OO w O why ws T wEDU O
from a sample volume of 100 mL at the optimum conditions was studied. The tolerance limits

(w/w) less than + 5% change in percentage uptake of bismuth was taken as free from
interference. The tested ions except PB* did not cause any significant reduction on the

percentage (96-102 + 2%) of bismuth (Ill) sorption. Lead ions were found to interfere at higher
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concentrations (> 0.5 mg/ 100 mL sample solution). Thus, it can be concluded that, the method
could applied for the separati on and / or determination of bismuth (Ill) and bismuth (V) after
reduction of the latter to trivalence.

3.10. Analytical applications

The validation of the developed method was performed using the certified reference materials
(CRM-TMDW). Good agreement between the concentration measured by the proposed

Ol U1 OFE wopWwd NAwpEuO¥aNU 4 TurET U0UDIT DI -§ of e ©Otal bismgthuyas Y wp wy 6
achieved confirming the accuracy of the method for trace analysis of bismuth in complex

matrices.

The method was also applied for the determination of bismuth in wastewater samples (1.0 L)

after digestion and percolation through the PUFs packed columns as described. Complete

retention of bismuth was achieved as indicated from the ICP -MS analysis of bismuth in the

effluent. The retained [Bil 4]- species were recovered with HNOs (10 mL, 3.0 mol L) and

analyzed by ICP-OES. Various concentrations of bismuth (11) were spiked also onto the tested

PEUUI PEUI UWUEOXx Ol UwE OE wE OE O arained y tha riefhaiiandith4&td w! DU O
expected (Table 6) in the tested water samples revealed good recovery percentage (98.4+ 23

104 .3 £ 2.8 %) confirming the accuracy and validation of the method.

' DPUOUUOT wpl 11 AWEBBIUBDWUT wepl 11 A Rdca¥ehOHO

PyLY s Thu+

_ 22 _

50 75 104.3+2.8
100 1205 984323

* Average recovery of five replicates = relative standard deviation.

Table 6.Recovery study applied to the analysis of bismuth in wastewater by the developed method

The selectivity of the procedure was further tested for the analysis of bismuth in Red sea water
at the coastal area of Jeddah City, Saudi Arabia following the standard addition. as
described..The results are summarized in Table 7. An acceptable recovery grcentage of 107.01

+3.5-108.1 +2.7 was achieved confirming the selectivity, accuracy and validation of the

method.

' DUOUUT wepl 1 1R wE B DIVDAWDwiqd+ 11K uReEY RO wps T w+

- 0.07 _
0.30 0.40 +0.01 108.1+2.7
0.5 0.61 +0.02 107.01 +3.5

* Average recovery of five replicates = relative standard deviation

Table 7.Recovery test for bismuth in sea water by the developed method
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4. Conclusion

PQ*.ClI- treated PUFs solid sorbent was successfully used for the pre concentration/separation
procedures of bismuth (lll) and bismuth (V) after reduction of the latter species to bismuth
(. The developed method minimizes the limitations related to sensitivity and selectivity for
bismuth determination in various matrices. The intra -particle diffusion and the first order
model of bismuth (ll1) retention onto the tested PQ *.Cl- PUFs sorbent are confirmed from the
kinetic data. PUFs packed column has shown itself to be a very useful and precise for the
EOEOCaAaUPU WOl wWUOOUEOQWEDPUOUUT woepl 11 Awd wp5 AwlUx] EPT UwbC
packed column can be reused many times without decrease in its efficiency. Work is
continuing for calculating ligation capacity, influence of competitive agents and organic
material present in water samples. The LOD of the method is quite close to the concentration
of bismuth species reported in marine water. Work is still continuing on developing PQ *.CI-
treated PUFs padked column mode for on line determination of bismuth (lll) and/ or (V)
species at ultra concentrations in aqueous media.
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Abstract

This work deals with the preconcentration of some water soluble pesticides, pyrethroids and acaricides by polyurethane
foams. The retention profiles of the tested species were found quickly and reached equilibrium in a tew min. Various
parameters - e.g. pH, extraction media, shaking time, salt effect, temperature and sample volume - affecting the
preconcentration of the tested species by the unloaded foams and tri-n-octylamine and tri-n-methylphosphate treated toams
were optimized. The unloaded foams were employed in a column mode to study the quantitative retention and recovery of
the tested species. The sorption efficiency and recovery of the compounds by the unloaded foam column were found to be up
10 99.5%*+2.1. The height equivalent of a theoretical plate for the unloaded foam column was found to be in the range
1.9-2%+0.2 mm. The sorption mechanisms of the tested compounds by the foams are discussed. Analysis of N. P. Na, K. Cu,
Zn. Mn, Fe. humidity, wet and dry mass of tomato and parsley untreated and sprayed for different time intervals - i.e. 24,72
and 120 h - with Chiorpyrifos, was carried out .

Kevwords: Polyurethane foam: Sample preparation: Tomato:; Parsley: Environmental analysis; Stationary phases. LC:
Thermodynamic parameters: Water analysis: Pesticides: Pyrethroids: Acaricides

1. Introduction their very low limits of tolerability. These com-

pounds are deliberately directed against living organ-

In recent years industrial growth and the need to
increase agriculture productivity have resulted in the
presence of pollutants in water and air. Since these
compounds are present at levels lower than ppb their
determination causes problems [l]. Among these
substances, pesticides, pyrethroids and acaricides
must be watched with particular attention because of

" Paper originally submitted for the thematic issue on Pesticide
Residues [J. Chromatogr. A, 754 (1996)].

*On leave from the Chemistry Department, Faculty of Science. at
Damiatta, Mansoura University, Damiatta, Egypt.

isms and show strong bioaccumulation [1,2].

The most common reported extraction procedures
for the water pollutants are liquid—liquid extraction
[3]. adsorption on activated charcoal [4] and/or
cellulose triacetate membrane filters [5], Tenax.
Chromosorb 101 and Porapak as trapping materials
[6]. Such preconcentration methods are not satisfac-
tory with respect to their capacity for trapping
pollutants present at very small amounts and their
recovery. and they are also too extensive for routine
analysis where many large sample volumes are
concentrated on site prior to quantitative analysis [7].

0021-9673/97/$17.00 Copyright © 1997 Elsevier Science BV. All rights reserved
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Recently, porous polyurethane foam has been used
as an inexpensive solid extractor and effective
sorbent for the removal of water pollutants [8,9]. The
membrane-like structure of the foam together with its
efficient sorption properties offered higher concen-
trating ability and flow-rates compared with other
solid granular supports [10]. The present study was
aimed at investigating the retention profiles of some
pesticides, pyrethroides and acaricides in water at
low levels (ppb) by polyether-based polyurethane
foams. The influence of Chlorpyrifos on the uptake
of some essential elements, e.g. N, K, P, Na, Fe, Zn,
Mn and Cu, and on the wet and dry mass and
humidity percentage of tomato and parsley plants
after different times of spraying was also studied.

2. Experimental
2.1. Reagents and materials

All chemicals used were of analytical reagent
grade. Open pore polyether-type-based polyurethane
foams were supplied by K.G. Schaum (Stoffwerk,
Kremsmunster, Austria). Foam cubes of approxi-
mately 1 cm® were cut from polyurethane foam
sheets. The foam cubes were dried as reported
previously [11]. The foam cubes were loaded with
tri-n-octylamine (TOA) and tri-n-methylphosphate
(TMP) by mixing the dried foam cubes with 5%
TOA and 5% TMP separately in n-hexane (20 cm’/
g dry foam) with stirring for 10 min, respectively,
and drying as reported [11]. Stock solutions (1 M) of
lithium, sodium, ammonium and potassium chlorides
were prepared separately in distilled water. Brilton—
Robinson buffer (pH 2-12) solutions were prepared
by mixing equimolar concentration (0.08 M) of
boric, acetic and phosphoric acid in distilled water
and adjusting the pH with sodium hydroxide (0.04
M).

The tested pesticides are Chlorpyrifos, 0,0-diethyl-
0-(3,5,6-trichloro-2-pyridyl) phosphorothioate (I);
Parathion, o,0-diethyl-4-nitrophenyl phosphorothio-
ate (II); Malathion, diethyl-[(dimethoxyphos-
phinothioyl)thio]butaredioate (III); the pyrethroid
Cypermethrin,  cyano(3-phenoxyphenyl)methyl-3-
(2,2-dichloroethyl)-2,2-dimethylcyclopropanecarbox-
ylate (IV); and the acaricides Dicofol, 2,2,2-trichlor-

1-bis(4-chlorophenyl)ethanol (V) and Bromo-
propylate, isopropyl-4,4-dibromobenzilate (VI). The
structures of these compounds are given in Fig. 1.

A stock solution of each compound (100 pg/cm?)
was prepared by dissolving the exact mass of the
compound in ethanol. A series of various concen-
trations of these compounds was then freshly pre-
pared by diluting their stock solutions with distilled
or tap water and a few drops of ethanol whenever it
was required to provide a clear solution. The solu-
tions were stored in polyethylene bottles.

2.2. Apparatus

UV absorbance of the tested insecticides was
obtained with a Pye Unicam UV-Vis SP8-400 spec-
trometer with 0.2- and 1-cm quartz cells. An Orion
pH meter and glass columns (15 cmX 15 mm 1.D.)
and a Lab-Line Orbit Environ-Shaker Model 35271-
1 were also used. A Corning flame photometer (410)
and a Pye Unicam SP-9 atomic absorption spec-
trometer were used to measure the concentration of
Na, K, Fe, Mn, Zn and Cu. Calcium was determined
by EDTA titration. The Kjeldahl method was used
for the determination of the nitrogen content in plant
(tomato and parsley) tissues. Hot Box oven Honda
spray machine with high pressure and stoppered
flasks (50 cm’ capacity) were used.

2.3. General procedures
2.3.1. Batch experiments

Influence of shaking time on the retention profiles of
the tested compounds on the unloaded and loaded
polyurethane foams

The unloaded and loaded (TOA or TMP) poly-
urethane foam cubes (0.3+0.004 g) were equili-
brated with 100 cm” aqueous solution at pH 4—6 of
each compound at concentrations of 100 wg/cm’ in
polyethylene bottles and shaken in a thermostatted
mechanical shaker at 20+0.1°C for various time
intervals up to 2 h. After shaking, the foam cubes
were separated and the amount of the compound
remaining in the aqueous phase was determined from
its absorbance measurements at the wavelength of
maximum absorbance against a blank; the amount of
the insecticide retained on the foam was calculated
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Fig. 1. The structure of the tested organophosphorous insecticides, pyrethroid and acaricides.

using this difference. The extraction efficiency (%E)
and the distribution coefficient (D) of the tested
species by the unloaded foams were determined
employing the equations:

; . G —a
%Extraction (E) = X 100 (1)
and
%E Volume of solution (1)
D= X (2)
100 — %E Mass of foam (kg)
or
%E Volume of solution (cm3)
D= X (3)
100 — %E Mass of foam (g)

where a,=concentration of the tested compound in

solution before extraction and «a =concentration of
the solute in solution after extraction.

Following these procedures, the influence of solu-
tion pH, nature of extraction media, temperature,
compound concentration and salt concentration
(=0.1 M) of different chloride salts (Li, Na, K and
NH,) on the retention profiles of the tested com-
pounds by the unloaded, TOA- and TMP-loaded
polyurethane foams were critically determined.

2.3.2. Column experiments

Chromatographic behaviour of the tested insec-
ticides on a column packed with the unloaded foam

Quantitative retention and elution of the tested
compounds on the unloaded foam columns were
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carried out using the vacuum method of foam
packing [11]. Tap or distilled water (0.1-6 dm’)
samples containing 0.05 mg of the tested compound
at the pH of maximum retention on the unloaded
foams was percolated through the column packed
with 3+0.006 g of the unloaded foam at 10 cm’/
min. After squeezing water from the foam material,
the compound was recovered from the foam with
100 cm’ acetone in a Soxhlet extractor for 6 h. The
sample quantity was then determined from a precon-
structed calibration curve by measuring the absor-
bance of the extracted acetone solution against a
blank.

2.3.3. Plant analysis

Sample preparation

Plant sample (leaves) of tomato and parsley were
sprayed with 20 g of commercial Chlorpyrifos (40%,
w/w) mixed with 20 dm’ water (4:1X10°, w/v) in
the open field using a high-pressure sprayer. The
treated plant samples were left for periods of 24, 72
and 120 h. Five samples each of untreated and
treated leaves were then collected, washed with
distilled water until all dust and sand were removed
completely and finally dried with a napkin. The
leaves were cut into small pieces, washed with water
and spread for 24 h at room temperature for drying
and grinding into powder form.

Determination of the total nitrogen content

A mass of the dry leaves (0.2-0.3 g) was accu-
rately weighed and placed in a 800 cm® Kjeldahl
flask; 50 cm’ of concentrated sulphuric acid con-
taining 1.65 g of salicylic acid were added. Five
grams of sodium thiosulphate were added, the mix-
ture was heated for 30 min, cooled and 10 g of a
sodium hydrogensulphate—selenium mixture (100:1,
w/w) were added and the mixture was digested in
the Kjeldahl apparatus. After complete digestion, the
mixture was cooled and 300 cm’ of water and 100
em’ of concentrated sodium hydroxide were added.
Then the distillate standard sulphuric acid was
distilled and titrated and the nitrogen content was
determined employing the equation:

14NV

%N = Tow 4)

where N and V are the normality and volume in cm’
of sulphuric acid consumed in the titration and W is
the mass of the dry leaves in g.

Determination of P, Na, K, Cu, Zn, Mn and Fe by
wet ashing

An accurate mass (2-3 g) of the ground plant
material was placed in 20 cm’ of a concentrated
sulphuric—perchloric acid mixture (1:1, v/v). The
reaction mixture was heated on a hot plate until the
acid fumes were completely evolved; the volume of
the reaction mixture was reduced to 3-5 cm’ by
evaporation on a hot plate and 50 cm’ of distilled
water were added to the mark. Calibration graphs for
phosphorous and molybdenum were made by UV-
visible spectrophotometry; for sodium and potassium
flame photometry was used, and for copper, zinc,
manganese and iron atomic absorption spectrometry
was employed. The unknown sample concentration
was then obtained from a calibration graph of each
element employing the following equation:

_ C (ppm) X solution volume (cm®)

%M (5)

10° X sample mass (g)
where M=P, Na, K, Cu, Zn, Mn or Fe and C is the
concentration of the element to be determined in

Determination of the moisture or humidity content
The sample was spread in the container, rapidly
weighed, dried in a circulation oven at 70-80°C to a
constant mass, cooled in a desiccator, weighed. The
humidity and dry matter percentages of the plant
leaves were obtained by employing the equations:

Loss in mass on drying (g)
Initial sample mass (g)

Moisture (%) = X 100

(6)

Oven dry mass (g)
Initial sample mass (g)

Dry matter (%) = X100 (7)
Ash content

The crucible in a muffle furnace was heated to
about 500°C, cooled in a desiccator, weighed and an
accurate mass of 1 g of oven-dried sample was
transferred into the crucible. The crucible containing
the dry sample was placed into a cool muffle furnace
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and the temperature was increased to 500°C. After 3
h at 500°C the crucible was removed, allowed to
cool in a desiccator, weighed and the ash content
was determined by employing the equation:

Ash mass (g)

. .\ —
Ash (%) Oven dry mass (g) X 100 (8)

Dry ashing

A 0.2-g amount of air-dried ground sample was
weighed into an acid-washed porcelain basin, ignited
to 500°C for 3 h in a muffle furnace (refer to ashing
procedure) and cooled; 5 cm” of HCI (1:1, v/v) were
added and the sample was covered with a watch
glass and heated on a steam bath for 15 min. Then |
cm’ of concentrated HNO, was added, the sample
evaporated to dryness, and heating continued for | h;
2 em' of HCI (1:1, v/v) were added, the sample
swirled to dissolve the residue, diluted to 20 ¢cm’
with water and warmed to complete dissolution.
Then the sample was filtered through a No. 44 filter
paper into a 100 cm’ volumetric flask and diluted
with distilled water to the mark. Blank determination
was carried out in the same way.

3. Results and discussion

The use of unloaded polyurethane foams (PuF) in
the separation and preconcentration processes led to
observation of the potential of their spherical
geometrical form (spherical membrane-shaped geom-
etry) and to the proposal of their general use in
column operations as a substitute for the traditional
granular supports in extraction chromatography. The
membrane-like structure of the foams together with
the efficient sorption and mass-transfer properties
offer higher concentrating abilities and flow-rate
compared with other solid supports. Thus, in recent
years, considerable progress has been made in the
use of polyurethane foam as an inexpensive solid
extractor and effective sorbent for the removal of
water pollutants.

3.1. Retention behaviour of the tested compounds
on the unloaded and loaded foams by batch

experiments

Batch experiments using unloaded foams have

shown that the retention of Parathion, Malathion,
Chlorpyrifos and Cypermethrin was rapid and the
equilibrium was reached in less than 50 min, fol-
lowed by a plateau. Hence, a minimum shaking time
of 1 h was adopted in the subsequent work. The
results obtained are summarized in Fig. 2. The
average values of the half-life (¢ ,,) of the sorption
equilibrium calculated from Fig. 2 were found to be
in the range 2-3 min.

Similarly, batch experiments using unloaded,
TMP- and TOA-loaded polyurethane foams have
shown that the extraction of the investigated acari-
cides Dicofol and Bromopropylate from aqueous
solution at pH=3 is rapid and the equilibrium is
reached in less than 1 h, followed by a plateau. A
good extraction efficiency and rapid preconcentration
of the tested acaricides from aqueous media were
obtained with TOA-treated foam as compared to the
unloaded and TMP-loaded foams. The average val-
ues of the half-life (r,,,) of equilibrium sorption on
the unloaded, TOA- and TMP-loaded foams were
found to be in the range 3-5, 2.5-3 and 3-4 min,
respectively. The tri-n-octylamine acts as a plasti-
cizer on the polyether foam. Thus. the collection

80

60

% Extraction

4«0

10 20 3o “o S0 60 70

Time, min

Fig. 2. Effect of shaking time on the sorption profiles of (1)
Parathion, (2) Malathion, (3) Chlorpyrifos and (4) Cypermethrin
at 100 mg/cm‘ in aqueous solution (100 ¢cm') at pH 5-7 and
20+0.1°C using the unloaded foam (0.30.004 g).
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rates of the compounds with plasticized TOA foams
are generally better than with unplasticized ones.
This can be attributed to the high mobilities and
diffusion rates of the tested acaricides through the
open pores and the quasi-spherical membrane struc-
ture of the plasticized TOA foam [11,12]. The
plasticizer acts as an efficient nonvolatile solvant for
the foam plastic itself. These results are in good
agreement with the data reported by Braun et al.
[13]. The foam membrane acts as a true sorbent
where the diffusion rates of the chemical species in
the membrane structure are considerably higher than
those in bulky solids [14,15].

The influence of the pH on the extraction of each
of the tested compounds by the unloaded foams at
100 pg/cm’ concentration was examined over the
pH range 2-12. The sorption profiles of the investi-
gated compounds by the unloaded foams increased
markedly in the pH range 5-7 except for Chlor-
pyrifos which reached a maximum retention in the
pH range 2—4. Malathion displays the lowest remov-
al at pH 9 and the percentage removal slightly
increased at higher pH. Lowering the pH tends to
protonate the nitrogen atoms of the urethane linkage
of the polyurethane foam, Fig. 3, as reported by
El-Shahawi [16]. The percentage removal of Dicofol
and bromopropylate by the unloaded foams de-
creased at moderate pH (5-7) and reaches a maxi-
mum at pH<3 at which the compounds exist in the
neutral form. Thus, the sorption of these compounds
involves neutral species and this is consistent with a
solvent extraction mechanism {16].

3.2. Sorption isotherms

The extraction isotherms of the tested compounds
(I-IV) on the unloaded foams were developed over a
wide range of equilibrium concentrations (10-100

(a) OH

l
-0-CO-*NH;-0-C="NH
(b)

-CH,-*OH - CH, -

Fig. 3. (a) Protonated urethane, and/or (b) ether oxygen atoms of
the polyurethane foam.

p.g/cm") for each species at 100°C. The pH values
of the aqueous solution were adjusted to a pH in the
range 4-7, so that the compounds were predominate-
ly in the undissociated form. At low concentration
the sorption isotherms exhibited a first-order be-
haviour and tended to plateau at higher bulk solution
concentrations. Fig. 4 shows plots of the remaining
concentration of the tested insecticides in the aque-
ous phase versus their concentration retained on the
foam material. The sorption of the different species
by the unloaded foams increased in the order:

Cypermethrin > Chlorpyrifos > Parathion
> Malathion 9)

Similar trends for the extraction of the tested

Hg retained on foam (0.3 g)

10 20 0
ug/em3 insecticide remained in aqueous solution

Fig. 4. Extraction isotherm of (1) Parathion, (2) Cypermethrin, (3)
Chlorpyrifos and (4) Malathion at concentrations of 10-100
k)

pg/cm’ using the unloaded foams (0.3+0.004 g) from a 100 cm’
aqueous sample at pH 5-7 and 20*0.1°C and 1 h extraction time.
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compounds were obtained with diethyl ether and for
other similar species retained on the polyurethane
foams [16]. Therefore, ‘solvent extraction’ is the
most probable mechanism for the sorption of the
tested species by the unloaded polyurethane foam
[7]. However, it is worth noting that the molecular
masses (M,) of Chlorpyrifos (M, =345.5), Malathion
(M, =230.3), Parathion (M, =291.0) and Cypermeth-
rin (M, =419.6) are also participating factors in the
extraction step by the foam. These data are also
consistent with the general understanding that the
larger the molecular mass of the sorbate the larger
the amount of the tested insecticides retained on the
foam when the substances concerned are similar in
nature [17].

The sorption behaviour of the investigated acari-
cides (Dicofol and Bromopropylate) from aqueous
solution by the unloaded and TMP- and TOA-loaded
foams was found also to depend on the concen-
tration. Thus, the extraction isotherms were de-
veloped over a wide range of equilibrium concen-
trations (10-200 pg/cm’) for each compound at
20£0.1°C. The pH values of the aqueous solution in
these experiments were adjusted at pH=3. A good
linear correlation between the concentration of each
compound extracted on the unloaded and TMP- and

Table |

TOA-loaded foams was achieved. The sorption
profiles obtained using the unloaded and loaded foam
increased in the order:

TOA — foam > TMP — foam > unloaded foam (10)

The influence of various concentrations of alkali
metal (Li", Na®, NH, and K") chlorides at con-
centrations =0.1 M on the sorption percentage of the
tested compounds at 80 pg/cm’ was studied at the
optimum pH extraction. The results obtained on the
sorption by the unloaded foams are summarized in
Table 1. A significant increase in the distribution
ratios of Malathion, Dicofol and Bromopropylate
was observed with increasing LiCl or NaCl con-
centrations from 0.01 to 0.1 M and the following
order of extraction was noted:

Li* >Na“">NH; >K" (1)

This behaviour is characteristic of the ‘solvent
extraction mechanism’ with the salt acting as salting
out and the cation-chelation mechanism excluded
[9.16]. The distribution ratios of Malathion increased
with the amount of salt added from log D =3.43 and
3.41 to 3.52 and 3.42 for Na™ and Li" ions at 0.05
and 0.1 M (Fig. 5). The added salts (Li'. Na")

Logarithm distribution coefticient (D) data for the sorption profiles of the tested compounds using the unloaded foams in the presence of

different univalent cations

Cation Insecticides Pyrethroid Acaricides
concentration (M)
Malathion Parathion Cypermethrin Chlorpyrifos Dicofol Bromopropylate
Li’
0.01 3.43 2.94 2.70 3.79 3.84 3.6l
0.05 3.49 2.58 2.55 371 3.60 3.66
0.10 3.52 2.42 2.41 3.59 3.38 3.69
Na’
0.01 3.41 2.65 291 392 3.54 3.50
0.05 3.44 2.40 2.76 3.90 3.37 3153
0.10 342 2.28 2.64 3.90 3.37 353
3.88 3.30 355
K
0.01 3.37 2.05 3.60 4.60 2.58 392
0.05 3.30 2.02 352 472 2.62 345
0.10 3.19
NH;
0.01 335 2.03 2.61 4.40 3.37 3.62
0.05 3.32 1.98 250 4.45 3.35 3.58
0.10 323 1.92 242 452 3.40 3.54







