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PRELIMINARY REMARKS

The work presented in this thesis was carried out under the supervision of
Prof. Dr. W. Schwack at the Institut fiir Lebensmittelchemie, Universitdit Hohenheim, from
May 2001 to October 2004. Parts of this work have already been published in international

peer-reviewed journals:

e SINDERHAUF, K., SCHWACK, W. Photolysis Experiments on Phosmet, an
Organophosphorus Insecticide, Journal of Agricultural and Food Chemistry, 2003, 51
(20), 5990-5995,

e SINDERHAUF, K., SCHWACK, W. Optimised synthesis of the N-labelled insecticide
phosmet (1), Journal of Labelled Compounds and Radiopharmaceuticals, 2004, 47,
509-512,

e SINDERHAUF, K., SCHWACK, W. Photodegradation Chemistry of the Insecticide
Phosmet in Lipid Models and in the Presence of Wool Wax, Employing a '°N-
Labelled Compound, Journal of Agricultural and Food Chemistry, 2004, 52 (26),
8046-8052,

e SINDERHAUF, K., SCHWACK, W. Photodegradation of Phosmet in Wool Wax Models
and on Sheep Wool — Determination of Wool Wax Bound Phosmet by means of
Isotope Ratio Mass Spectrometry, Journal of Agricultural and Food Chemistry, 2005,
53 (12), 4873-4879,

or was presented at international scientific conferences:

e K. SINDERHAUF, W. SCHWACK Photochemisch induzierte Reaktionen von Phosmet,
31. Deutscher Lebensmittelchemikertag 2002, Frankfurt am Main, 9.-11-September
2002, Lebensmittelchemie 2003, 57, 35.

e K. SINDERHAUF, W. SCHWACK Photochemically induced Reactions of the Insecticide
Phosmet with Particular Regard to Nonpolar Lipid Environments, DEFENSE des
CULTURES — CROP PROTECTION Unicum Colloquium, Group Francais des
Pesticides, Mediterranean Group of Pesticide Research, Aix en Provence, Frankreich,
20. — 24. Mai 2003

e K. SINDERHAUF, W. SCHWACK Photochemically induced Reactions of the Insecticide
Phosmet with Particular Regard to Nonpolar Lipid Environments, EURO FOOD
CHEM XII, Strategies for safe food Briigge, Belgien, 24. -26. September 2003.

e K. SINDERHAUF, W. SCHWACK Photoreaktionen von Phosmet in Gegenwart von
Lipiden, 32. Deutscher Lebensmittelchemikertag 2003 im Rahmen der GDCh-
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Jahrestagung 2003 Miinchen, 6.-11. Oktober 2003, Lebensmittelchemie 2003, 57, 161-
162.

e K. SINDERHAUF, W. SCHWACK — Studien zum Photoabbau von Phosmet in Wolle und
Wollfett unter Einsatz eines stabilisotopenmarkierten Wirkstoffes, 33. Deutscher
Lebensmittelchemikertag 2004 Bonn, 13.-15. September 2004, Lebensmittelchemie
2004, 58, 136.

Chapters 2-5 of this thesis are in form identical with the full publications 1-4. Recurring
figures have been omitted, chemical structures have been numbered consecutively, and a

combined directory of references was created.

To clarify the participation and contributions of each author, named in the publications, it is
explained in the following:

All practical preparative and analytical work was performed by Ms. Sinderhauf. This
included the isolation and synthesis of phosmet and the realization of all irradiation
experiments in model systems as well as in lanolin and on sheep wool. Furthermore, she
carried out all sample preparations and all HPLC and HPLC/MS measurements. The isolation
of photoproducts including the structural identification by means of MS, IR and NMR was
accomplished by Ms. Sinderhauf. She also performed all wool fat sample preparations and the
corresponding measurements via EA/IRMS. The analysis and interpretation of the obtained
data was carried out by her, as well as the preparation of the complete manuscript including

the figures.

Professor Schwack was the supervisor of this work. He initiated the idea of photolysis
experiments with phosmet in the presence of wool fat, and recommended also the application
of the proved model systems. He advised on analytical questions and problems. Proof-reading
of all manuscripts and corrections in terms of formal and textural aspects were done by him

and he also functioned as an advisor throughout the publication processes.

11



TABLE OF CONTENTS

1 GENERAL INTRODUCTION .....ciiiiiiiiiiiiiiiiieiiiteteicete ettt 1
1.1 Application Of PESLICIACS .....cecuertiruieiiitieiieieiteetee ettt ee 1
1.2 Degradation pathways of PestiCides..........eriiieiiiriiieieie e 2
1.3 Bound pestiCide TESIAUES ......cc.eeutirtiriirieiirtieieet ettt ettt sttt ettt be et sae e ae 4
1.4 General information about sheep wool and definitions ...........c.cocceeveriiieieninieresceeee 5

14T DEFINITIONS .. ..eutitieiiiteitt ettt ettt ettt ettt et ettt ettt et eee et e naeeaeennenee e 5
1.4.2 The structure and composition of sheep Wool............cccoeiiiiiiiiiiiiiniice, 6
1.4.3 The 1eCOVErY Of WOOI WAKX ....euiiuiiiiiiieiieie ettt ettt sttt sttt ene 7
1.5 Physical and chemical properties of WOOl WaX........cccceririiriininiiiienieiiecneeeeeere e 7
1.5.1 General INfOrMAatioN. .........ceouiiiriiiiiniriet ettt ettt s 7
15,2 ESTOIS ..ottt et st s 8
1.5.3 ACKAS -ttt a ettt n ettt n ettt neetennen 8
1.5:4 ALCOROIS w.cneniiiic ettt ettt ettt et 9
1.5.5 HYAIOCATDONS ......eeuteiiieiieiieie ettt ettt ettt ea et b e et e et it enbeeees 10
1.5.6 Weathering effectS......c.ooiiiiiiriiiiiiie et 10

1.5.7 Pesticide residues i WOOI WaAX .....ccueieiieiuieriieieiieiieieeeete et eeieeseeeeereeree e e eeseereesaneeeneenneas 10

1.6 Usage of wool wax and lanolin............... .. 10
1.7 The organophosphorous insecticide phosmet...
1.7.1 General informations ..........cccceeeveeeeenenreenennenn W11
1.7.2 Range of application of phosmet and legal aspects .
1.7.3 Mechanism of action and toxicology ..
1.7.4 Degradation Of PROSIMET. .......cc.ceiiriiiieieiieiieieie ettt 13
1.7.5 Phosmet and potential issues on bovine spongiform encephalopathy (BSE)..................... 13
1.8 Utilization of stable isotope labelled pesticides and the approach to determine bound residues
by means of elemental analyser/isotope ratio mass spectrometry (EA /IRMS)................... 14

1.8.1 Application of stable isotope labelled SuUDStaNCes ............cccceverieviininiiinieniniecreeeeee. 14

1.8.2 Assembly and mode of function of an elemental analyser/isotope ratio mass spectrometer14

1.9 AImS Of the StUAY ....ocoiiiiiiii e 16
2 PHOTOLYSIS EXPERIMENTS ON PHOSMET, AN ORGANOPHOSPHORUS INSECTICIDE........................ 17
21 ADSIIACE .ottt bbbkt a bbbt et et ehe et e bt ehtenbe bt ent et ns 17
2.2 INEEOAUCTION ...ttt ettt ettt e et e et et tesabeeaeeeseeesbeenseeseeenseeaseenseesnseenseannsennee 17



w

2.3 Materials and MEthOdS .........ceeouiiiiiiiiieiicieecie ettt ettt eve e aee e veereesaaeenns 19

2.3.1 MALEIIALS. ...ttt ettt ettt ettt et nee 19
2.3.2 SYNERESES...c.veutiniiiiietete ettt ettt ettt ettt ettt ettt aenas 19
2.3.3 General tECRNIQUES .....c.eeuiiiiiiieiete ettt ettt ettt et et sbeese e seees 20
2.3.4 Trradiation EXPETIMENLS......ccueiutrutirtirieeiteteett ettt et et sttt et sae et et st et e bt easentesaeeanenaes 21
2.3.5 Isolation of PhotoprodUCT S.......c..couiiiiiiiiiiiietiieet ettt 22
2.3.6 Quantification of phosmet and photolysis products .............cccoeceerieniriienenenieneeeee 22
24 RESUIES ...ttt 23
2.4.1 Irradiation experiments in SOIULIONS ... ...cc.eiieueriirieiete ettt 23
2.4.2 Trradiation exXperiments 0N SUITACES .......c..eiieieriiriieierie ettt et 26
2.5 DIESCUSSION 1.ttt ettt ettt ettt et ettt ettt ettt et e st et eeb e et et e sbe et e bt ebe et e bt e e eaennee 27
2.6 ACKNOWICAGIMENL. .....eiuiiitiiiiiiiie ettt ettt et et e e e eees 29
OPTIMISED SYNTHESIS OF THE '“N-LABELLED INSECTICIDE PHOSMET ..........ovvooveenrresnrissnrresnnonss 30
31 ADSIIACE ..ttt ettt sttt ettt et aeaee 30
3.2 INIOAUCTION ettt ettt ettt ettt ettt eaenaenee 30
3.3 Results and DISCUSSION .....cc.eeuiiuiiiiiiriieitetesi ettt ettt sttt et s 30
3.4 EXPEIIMENTAL ....ouiiiiiiiiiiiiiieiece ettt ettt et sttt et et et 31
3.5 CONCIUSIONS ...ttt ettt ettt ettt sttt ebenaenee 32
3.6 ACKNOWICAZIMENL. c..cueiiiiiiiiitiiti ettt sttt et e 33
PHOTODEGRADATION CHEMISTRY OF THE INSECTICIDE PHOSMET IN LIPID MODELS AND IN THE
PRESENCE OF WOOL WAX, EMPLOYING A IS N-LABELLED COMPOUND..........eeeveeeereseereseeresesnenen, 34
U1 ADSIIACT ...t ettt ettt ettt a e 34
4.2 INIPOQUCLION c..cuiiiitciieiite ettt ettt ettt ettt ebe et eaeaene 34
4.3 Materials and Methods .........c.ccocieiiiiiiiiiiiiic s 36
4301 MAALETIALS. ...ttt ettt sttt 36
4.3.2 General tECHNIQUES ......ocueiuieiitiitieiiete ettt ettt ettt ettt et et st eeneebeeeeaeas 36
4.3.3 Irradiation EXPEITIMIEILS ......ee.titirtieiieteteeit ettt ettt et et ettt et s bt et et sttt e e e sbesaeennenaes 38
4.3.4 Isolation of photoproducts 8 and 9...........ccocieieriiiiiiieiiieee e 39
4.3.5 Characterization of the wool wax used for irradiation experiments... .42
4.4 RESUIS ..ttt .43
4.4.1 Irradiation of phosmet in cyclohexene.............cc........ .43
4.4.2 Irradiation experiments in fatty acid methyl ester films .45
4.4.3 Irradiation experiments in films of wool wax .. .48
4.5 DISCUSSION «.cueuiitinteatettetet ettt ettt et ettt et eu et a ettt st et ebeebe et et ebeebe s esteuesae s eneeseeuennens 49



4.6 ACKNOWIBAZEIMENL ......eouiiiiiiiiiieieite ettt ettt ettt et e e 51

5 PHOTODEGRADATION OF PHOSMET IN WOOL WAX MODELS AND ON SHEEP WOOL — DETERMINATION
OF WOOL WAX BOUND PHOSMET BY MEANS OF ISOTOPE RATIO MASS SPECTROMETRY .................. 52

ST ADSIIACE ..ttt ettt sttt eae e nee 52
5.2 INEOAQUCHION ..ttt ettt sttt sttt ettt s aes 52
5.3 Materials and MeEthOdS ........cocueouiiiiiiiiiiiiieiiecre et 53
5.3.1 MALETIALS. ...ttt ettt ettt ne 53
5.3.2 General tECRMIQUES .....ccueeutiiiiiiitirieiie ettt ettt st et 54
5.3.3 Trradiation EXPEITMENLS ... ..cc.eiuteiertiitieeteteetteetete et et e e et eatebeeaeestebeeseenbenbeeseenbenbesneensennes 55
5S4 RESUIES .ttt ettt ettt nee 57
5.4.1 Irradiation of phosmet in mixtures of model solvents adjusted to the hydroxyl and iodine
VAlUES OF WOOI WAKX ... cuvitinieiieiitcteietetee ettt ettt ettt ettt sa et sae e 57

5.4.2 Irradiation experiments on ShEeP WO .........ccuiiiiiiiiiiiiiieieieieiee e 58
5.4.3 Irradiation experiments of '*N-phosmet in thin films of lanolin.....................ccooccoveevn... 59
5.4.4 Irradiation experiments of "> N-phosmet on Sheep WOOL..............ccoovveveremreeeeerereeseerees 62

5.5 DIESCUSSION 1.ttt ettt ettt ettt ettt et et b et s bt et et sbe et e bt eae et et s e aennes 64
5.6 ADDIEVIAtIONS USE .....ouvitiiiiiiiiiiititeete ettt ettt sttt et 67
5.7 ACKNOWICZAMENL. ......eiiiiiiieieie ettt ettt ettt et 67

6 CONCLUDING REMARKS ......oouiiiiiiiiiiiiiiiiiitiiee ettt 68

6.1 UV-irradiation studies of phosmet in model systems and the identification of photoaddition

products employing N-PROSINEE ............c.ooveveeeeieeeeeeeeeeeeeeee e 68

6.2 Studies on the formation of lipid bound phosmet..........c..ccceevveriririiiniiniinieienneecee 70

T SUMMARY ..iiiiiiiiiiicic ittt 72
8 ZUSAMMENFASSUNG .....couiiiiiiiiieiiititeitete ettt ettt a ettt e et e e enens 75
O REFERENCES ...ttt sttt ettt et ettt ettt et b e ettt a et b e st e e bt et et e bt eat et e beeae et enaes 78
TO APPENDIX ...ouviiiiiiiiiiiiiitit ettt 88
10.1 UV-Irradiation SOUICES......coueeuvitiriieiiintiriteientteieete st ettt sttt eeesre st ae bt st sbe st esne b eaeenees 88
10.1.1  Metal halogen Jamp ..........coooiiiiiieiiiieieeee ettt 88

10.1.2  Sunlight simulator Suntest CPS+..
10.1.3  Sunlight....cccoooeinireeiirieecnes .. 89



