
0&?0&00&0&0000?&0&&@&/&&&@;;;;;;;;;;;›;›;;›;;;,;,;,,““““,“%@@@@@@@@@@@@@@@@@@@@@@@@@@@&“,,“““““?&%?^/0&0›;;,““/@@,//“,,&&&&&&/;,““““›0%%/
00&0000&&0&0?0&&&0&%@?&0&%›››^››››››››››››››››;;;›^““““0%@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@%0&%?^^0%?;›,“““///““““““;;“@@@;“““““““,0&0
&&00&0&?›?0&&?0/&%?0%0&0%%››››››;›››››››;;;;;,;;,,,,“““@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@%/›?%?;;““““^›;“““““““^“&0&,““““““““?&%
??&%&&%0“,^^“0%“›?›?&0&&%%›;;;;››;›››;;;;;;;;;,;;;,,,,^@%&&%&%%%%@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@›^&?;,““““,,,““““““?“›“?0^““““““&//&%
,›;^,,/,“““““;/“,%@@&00&0%›;,,;;›;;;;;;;;;;;;;,,,,,,,,@%0?000&&%%@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@›?0›,““““““,“““““““,““›^@@@@@@@@@@@@
„“,,““,“““““;?@%%%@@?00%^&›;;;;;;;;;;;;;;;;;;;;;;,,,,@@@%%%%%%%%@@@@@@@@@@@%@@@@@@@@@@@@@@@@@@@@@@@@@@^@›,“?&@@@@@@““““““@@@@@@@@@%@@@@@@
„“““““““““““,&%&&?&%000%^&›,,,,,;;;;,›^^^››;;;;;^;,@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@›%@@@@@@@%@%%%@@%%0&
;“““““““““@%%@%0,^?&&00&›&›,,,;,,,;,,;,,,;,,,,,,,^^@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@%%%%%%%%%&0&%
@@%%%%%%;%%0??&%%›?0000^›&;,,,,,,,,;,;,;;,;;,,,,,“?@%@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@%%@%@@@@@@@@@%@@%0@@%%%%%%%%@%%&%%%
@@@@@@@@@@@@@%%&&^%&@@&,^&,,,,,;,,,,,;,,;;^?^,,,,“@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@%@@@@@%%@@@@@@@@@@@@%@;?%0??››//;^;›0@@@@@@%%%%%%%%&%%%&
%%@@@@@@@@@@@@@@@@@@@@@@@%;,,,,,,,,,,,,,,;,,,^^;,›@@@@%%?&%%@%@@@%@@@@@@@?@@%@%%@@@%@@@@@%%%@@@@@@@@@@&“^›;,,“““,“›%@@@@@@@@@@%%%%%%%0&&&
@%%@@@@@@@@@@@@@@@@@@@@@@@,,,;;,,,,,,;,,,,,;,,,,“/@@%@&?;?&%00?&&%%%%@@@@@@@@@@%@%%@@@@@@@@@@@@@&/?&%@%“,“,“““““,@@@@@@@@@@@%@@@@%@@&&%&&
%%%@@@@@@@@@@@@&%&&%%%@@@@@/;,,;,,;,,;,,;,,,;,,,0@@@%%&/,^&%0›^&000&&&&%%%@@@@@@@@@%%@@@@%%%%%0&/&,/0%&“,““““““?@@@@@@@%@@@@%%@@@@@@%%%@?
%@%%@@@@@@@@@&@?&/;/;00@@%@@@?;,,,,;;;,,,,,,,,,%%@@%@%0^,^%%?^?0?›/^/^›?00&%%%&%@@@@%%%@?^/???›0›?“^0&?““““““““@@@@@@%@@@@@@@%%%%@@@&%%%%
%@@%%%@@@@@%@›/%/›“,“^“&%%@@@@@%@@@/,,,,,,,,,^%%&@@%@%0›;^%&?›&?^,^›;,;/^›&%00&&%%%@@@@@;,;›^›,?;^“;/0^““““““““@@@@@%%%@%%&@%@@%%@%%@@%&0
%%%%@%%@%%%%@@“?“““““,“@&%%%@@@@@@@@,,,,,,,^&&&&&@@%@%0;;/%&?›%0›“^›,““››“?0^%^^???000%%““,,›;,^;;“;^?›“““““““%%&%@@@@%%%%@%%%%@%%%@@@@@%
%%%%&&%%%&&&%&“,;““›@“;0/%0&%@%%@@@/,,,,,“^000??&@%%@%?,;?%0?;%0›“››“““;›“?/;/››››^//?&^“““,›,,^,,“;›^““““““““%&0&%%@@%%%%%%%%%%%%%@@%%%@
%%%&%&&&&&0&&@@“,“““&0@,@0;0&/^/?&@%%&&›““^??/?&&@%%@&?,;/%0/›&?›“›;“““,,“?^,;›;;,›^^^0“““““›“,;,,“,,›“““““““/0?//0&%@@%%%%%%%%%%%%%%%%@&
%%%%%&&&&00?0&&?““““/@@@%%“,;““,;&%@@@?/?0%%&%@@@@%%@&^“;^%?^^&?;“›,“““,“,?;,,,,;,›^/^0“““““›“““,“““,;“““““““0&??&?@%%%@%%%&%%%%%%%%&&%%%
%%&&%&0&&0&&&&%@›“0%%%%@?%;“““““^0/%%&@@›“›?00000%%&%0^“;^&?›?0?;“,,“““““›/,“““,;,;›^^?“““““,“““,“““,,““““““;/^;//&%&^%%@%&%&%%%%%%&%%@&%
&%%%&&%&&%0&&0%&%%%%%%%@››%&%““,;;0/@%@@@,“;^????%%&%0;“,^&?;0?/,,,,“““““››““““,;,;;;^^“““““,“““““““““““““““/?››?›%0^000&%@@%%%%%%%%%%%%%
%%&%%%%%%&&&0&%%%%%%&%%%@,?/&““,;››^@@%0&““/^^/,&%&0&?,“›^0/,&?^“““““““““;;“““““,“,,,^,“““““““““““““““““““““›,,››/0^,?/0?0%@%%0%%%&&%0%%@
%%%&&%&%%&%%&&%%&%&%%%@@@,^›/“““,›,%%%%0““^;,››“0&&00/,“›^0^,&/›“““““““““,“““““,@%@“,›“““““““““““““““““““““,^,,^,@?,^›^^^0@@&0%%%%%&&%%&0
%%%%%%%%%@%%&%%%%%%?/^^?&“;;“““,“,^%&&??,›,““,“,?&00?^““;/?^“@@%““““““/%%%^“›^00&&&&@›“““““““““““““““““““““,,,,,^0;“^›^?%%00“,/@%%%0&%&%%
@%%%%@%%%%%%%%@%%@@@@@;^/““;““““,“&&0&?“,,“““““,?000?›““;/&@@@@@@@@@@@@@@@@@@@@@@@%%@@@%“““›^›“““““““““““““,““›,&/“›;%%&0^““,;00?0%%%&&%%
›;%@%%%@%??%%%%^&0&&&&,›,““,“““““,???/0“““““““““@@@0/,“›@@@@@@@@@@@@@@@@@%@@@@@@@@@@@@@@@@@@@@0““““““““““““““„,›/;“;%0?/,“““,›^›^;?%0%%?0
„%@@@@@››““,;?0“›^/??0“›“““““““““??/?/›““““““““?@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@&0““““““““““““““““0›“%0?/,›“““““^›,““&^%%%%@
„@%&&0&““““““,,“,,››^?“›“““““““““^^^^/“““““““““^@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@&?““““““““““““““,“›“%?/;““,“““,^;“““,@&%@%%%
„%0/››;,,;›;;;,;^““,›/“;““““““““,››^^/““““““““›@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@0?“““““““““““““““,,&//“““;“““““›;““,@@@@@%&&
@@%&&%%%@@@@%%%@@@%%%&›,““““““““,;;^^›“““““;&@@@&@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@%%00“““““““““““““““›?/›““““,““““›,“““@%%&%%%0%
@@@@@@@@@@@@@@@%@@@@@@@@@%;“““““,,;›^“““@@@%%&00@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@%@@@@@@@@@%%@&?0^““““““““““““““,^›,“““,“““““;,““@&0@@%%%0?
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@“,››^“““%%%&&0?/@@%&0??@@@@@@@@@@@@%@@@@@@%@@@@@@@@@@@@%%/0%0??“;“““““““““““““^,;““““,“““““““““&%@@%%0???
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@%,››^“““/%&&00?/@%&?/;%%%0@@@@@@@@@@@@@@@@@@@@@@%%%%@?0&?%&0&%&““,““““““““““““›,““““““““@@@@@@@@@@@%%00&›
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@?0^;›;““““&&&00?^@%0//;%&%/@&0000&@%@%%%%@%&0/?00/›?0@›/?›&^0%%@“““,““““““““““›,,““““““›@%%%%%@%@@@&%&&&?^
&&&%%@@@@@@@@@@@@@@@@@@@@@@@@&%%@0,;,““““/&00??/%&0^^/&0&›@0?›/››&0^;^^›?00›,,^0›,›?%;›^^&›?%&%““““““““““““““,“““““““%@@%&&?0&%%%&%%&&&0&
?^›00/?0?0&%0?%%%@@@&%&&%%&%@%&&%^^›““““““&00?/^%&?›^??00›@&/;^,›&?›,,,“???,““;0›“;?%,;›^0›?&&&?“““““““““““““,“““““““%0?@%&0&%?&&&0&0&&&?
^;;0/;››///&““^?,@%@^/^/&0?&%&00/›/;““““““00??/^&0?^/%/??,%?^,^“;&0;,,,“/??,““;0;“,?%,,›^?;??&0%““““““““““““““““““““@@@%@%%0%&&0&00&000&0
;,;/;;/;^?^?““;;“%%@,›;^0^?0?&?0;;^;“““““,00?//^00?›/0›^?,&?^,^“;&?;“,““///,““;?›““?%,,;/?,/^00&,““““““““““““““““““@%%%%%&00???00000&0&&0
,,^/,,^“^?/“““,““&&^,;;/0,/0/0/0“,›;““““““/0?^^›^?/›/0/^^,%?^,›“;&0;“,““^^&%““,0›““/&,,;/?,^^?0&0“““““““““““““““““?&%@%0/&0??0&&&?&0?00^^
,,?/,››“/0?“““,““0&“,,;0/›?000/0“,›;““““““›0?/^››?/^/&?^›;%0›;›“,%0;““““^%%%›““/^““/&,,;^?,/0&00%“““““““““““““““““&%@%&,?%&0&0/?0/000?0&&
,,0^,/,“//?“““;“;&%“,,;?/›??0&?›,,;,““““““,??/^›,?/^›&0›;,0?^,;““&0›““““›%%%&““^^““^&,,,›000^“?00““““““““““““““““/@%%0,“/^,&&&?&/0??^00&0
,,?;,/“›/^0“““,“/&%“;,,0›^?00^?“,,;,““““““,??/››,?/^›?&››,&&^,;““&0;““““›%%&%““^^““^&,,,?0;›^,??0““““““““““““““““%&@&;“/@%%%&&/?&0??&?/0/
,,?,;/“›?/?“““““&&?,;,;?;^?&0›0“,,;““““““““?/^^›,?/^;/&;;,0&^;;““&0›““““;%%%%““^›““^0““00?“›^,???;““““““““““““““/%@&0“^@%?0&000&/0/&??/0%
,;?,;^“^0?^“““““&&;“,,›/;^0&?^/““,;““““““““?/^››“?^^;^0;;,&&^;;““0?›,“,“;0%&&““^^““›?“?0“?“››,/??;““““““““““““““%&&0,;@&@%&&&?0?/?^/?/00^
,^/,^,“/??“““““,0%“,,;/^›^&0›/›““,›““““““““?/^›0^0?&%@%››;&&^›;““0?^,“““;?%%&““››““›/“0,“/“;›,^??›“““““““““““““/0@&^“@&/@&,;&&??00?0/^/?/
,?››?““//0“““;“^0@“,,,?›^/&&›/“““,,““““““““/^^›;,?/^,;0?%%/0^›,,“0?^,“,“,/%%&““››““›/;0;“?“,›;›??/“““““““““““““%0&?“,&/%%0“@%%&&?///?0?&0
,0;›0“›?/0“““;“0&&“;,;?;›/0››^““,;“““““““““/^^›;,??^,;?^›;%%/›,““/?/,“,“,^%%%““^^““›/,?›“/;,›,›///“““““““““““““?%0,“@?^@&;%&&?&?0^?0&/0&0
,?,›?“/??/“““,“%&;,;;›0;›0&,^/“,,;“““““““““/^^›;,/?^;;?^››“&%^,,“^?/,“,“,/%&&““›^““^/,?;,^;;›,;///““““““““““““^0&?“?&/0@0?%?^%%&00/&?00&0
›?,^?“^?0›““,““&&“,;›^/^^&&›^?““,““““““““““/^››;,/?^;›?/››“0?%“,“›?/,““““/%%&““›^,,^^,/;,^;,›;;//^““““““““““““0%0/“%?^@%/%?›%%%%%&0??0?&/
/?;??“/00“““,,;0&“,;›?/^/&^›^/“,;““““““““““/^›;;,/?›;›?/;›“0?^%,“›?/,“““,/%%&““›^,,›/,/;,^›,;,,//^““““““““““““?&?,?0^?@@0?^&%%&^/&%&0&0&&
??;0^“/00“““;“?&%“;,;0/^?&,›^^“,;““““““““““^››;;,^/^;›//›^“0?^;&“›?/,“““,/%%&““›/,,›^;?;,^›,;,,/^^“““““““““““^??^“@@/@%&0/›%%0^›000?›%%&/
0/›?,^?00“““;“&&@,›,›0^^0&;›/,“;“““““““““““/›;›;,^/^;›?/›^“&?^,/^,??;,,“,/%%&““›/,,›^;?›,^›,;,,^^›“““““““““““?&?;“@0?%%0?›0%0?@0^???/&%“/
?›^0“/?/0““,;“%%%,›;^0^^0&›^/“,›“““““““““““/›››;,›?^›^?/›^“%?^,;0,0?;“““,?%%&““^/,“›/›?;,^^,;,,^^›“““““““““““^0/“/@^@%&0^/&00;@^/?^;0&^›0
0›/0“?0?›““,,“&&/,›;/?›/&&›^?“,;“““““““““““^››;,,›?^›^?/›^“&?/,›&;00;,““,0%%&““›?,,^/›?;,^^,,,;^^;““““““““““,^?›“@@%%&0?›&%0›;@/?^,/%&“^/
/,??“?00“““;,“0&;;;›0?^/&&›^/“,,“““““““““““^;;;,,;/^›^?/›^“0//,›&›0?;;,“,0%&&““›?,,›^›?;,›^“,,;^›,““““““““““^0?,“@%@@0?//&0?›?@/?^/&%“;?/
?;0^“?00“““›,,0%“›;›0/^?0?›^^“;““““„“““““““^;;;;;;?^^/?/›^,0//,›&,0?›,,“,&%&&““›?,,›/^?›,›^“,,;^^,““““““““““›0/“/%@%&?/›&%0›^&??^›?%,,^^,
^;0,“?00““,›,›&@“^;›0?/0&^^^,“;““““““““““““^;;;;,;/^^^?^›^/0//,;0“0?;,,“,0%&&““›?,,›^^?,,›^“,“;››,““““““““““;?›“%%@%0?/›000;?&/^//%&“›?›,
››0““??0““,›“?&%,›››0^/00;^/““,““““““““““““^;;,,,;?^^/?›;^^0//;›/“0?;,,“,0%&&““;?,,›^/?,,›^“,“;››““““““““““,^^;“%%%&›?^/&?^^?&0›,0&^,^›“,
››&“^0?&““,,“&&0,›^›?^/00;^^““,““““““““““““^;;,,,,?^^^/^›^^0^^,^^&@%%&%%%&%&&““;?;,›^//,,›^“,“›››““““““““““,?^,›%%%0/^;00?^?^?&^^%%“;?^,,
›^?“/0?/““;,“%&;;›^^?^/&&;^/““““““““““^^^››^;;,,;,/^^^?›;››?^^;@/“?/;,,“,0@@&““›?,,›^//,;;^“,“››;“““““““““““^›“&%%%/0^›0??›?/?0,^0^“^^,,;
;//“?00›““;,,&%“››^?///00›^›““““““““““,;^;,^›;,,,,^^^^?;;›^?^%0/›,0?;,,,,&%&%%›;?;,›^??;;;^“,“›››““““““““““,›;“%%0%^?›?&?^›/?0?›0&“,/›,;,
›?,“??0““,›,›0%,››^0///0?›^,“““““““““““,,,›^›,,,,,/^^^?,›^;?/0;?›,0?›;;,,&%&0“%;?›,›^?/;,;›“,“;›;““““““““““^›,“%%?%%?›00?›/^/0›^&?“;^,,;,
›0“,??&,“,^,/&@,››^0//?0^›^““““““““““““““,,››;,,,,/^^^?,›^;?%^;0›,0?›;;,,&%&0,%›?;,›^?/›;;›“,“››;““““““““““^;““%&/%%^›0?/›???%,/0,,^›,,;,
^0“^??&,“;^,0&&;^^^0^/?0››^““,“““““““““““““^›;,,,“^^^^?,››/?%^;0›,0?›;;,,&%&0&@›?›,›^?^›,;›“,“›;,““““““““““;,“/%&^&%?/0?^^???@^00“,/;,,,,
^0“/000,,›^,&&/›^^/0^/?0›^^““,“““““““““““““››;,,,“^^^/?,›^/?%^›0^,0?›;@@%@@@@,,›?›,^/?/›,,›“,“››,““““““““““;““&&&^›&&00?^???&0/&0,›^,,;,,
?0,000^,,^›,&&;›//?0^/00›^^““““““““““““““““;;;,,,“^^›/?,›^^/%^;?^;0?^››;;%%&0,,›?›,^/?/^,,›“,“›;,“““““““““,,“,&&&;?%&???^?/?%›/0^,/›,,;,,
?0“?0&›,;^›;&&,^^^??/?00›^›“““““““““““““““„,›;,,““^^›/?,›^/^%^›?^,&?›››;;%%&?,,^?›,^^/^^,;;“,“;;,“““““““““,,“??&&;00&0??^???@›00,›/›,;,,›
??,?&&,,;^›^&&;^^^0?/?&?^^;““““““““““““““““,›;““““^›^??,›^›^0/;/^;0?^››;›%%&?,,^?›,^//^^,,›“,“›;,“““““““““,““&?&0;?^&0?^/??0@^&&,›^;;›;,&
0^›00&;,›/›?0%›^^^0???&/^^“““““““““““““““““^^,““““^››??,›^›^??;/^;&0^›^››%%%?,,^?›;^//^^,,›“,“›;,“““““““““,““0?&0,?^%&?^0??&0/0?,/›,;›,,%
&›^00&;,^/›&&%›/^?0???&^^^“““,““““““““““““;^^,““““^››0/;›^›^/&›/^;&0^›››^%%%/,,/?;;^/^^^,;›“,“››,“““““““““,“^?›0?›?›%&?/0??%^/0›;?^›››,?%
0;?000;,^/›&%%^/^/0??00^^^“““,““““““““““““;›^,““““;;›0›,›^›^?&›^^;&0^^›››%%%^,,/?›;^/^^^,;›,,“››,““““““““,,“0?“0?//›%&/^?00%^0&,›/››^››%%
0,0&0/;;/^;%%&^//??/?00^^^“““,,“““““““““““›››,““““›;;?;;›^›^/%;^^;00^››;›%%%^,,//;;^/›^^,;›,““^›,““““““““,,“??“0^0^^%&^^?0?%/&0;^^;;››;%&
0;00&^››/^;&&/^/^??^?00^^^“““;,“““““““““““,,›“““““;;›?,,;›,/^&;››;00^››››%%%›,,//;,›^›^^,,›,““^›,““““““““,““?^“0;?^/%&›/???&/&^;^^›,›;›%&
0›0&&›;;/›;&&›//^0?/?0?›^^“““;,““,,,,,“,““““,,““““,;›?,,;^,^^&;››;0?›;›;;%%&,“,//,;^^;^^“,›,“,^›,““““““““,“,/›“0“/›0%&›//?0??0;;/^;;;;0%?
/;000›;›/^›0%;^^^??^?0?;››“““;,““,,,,,,,,,“;^““““,;,,^“,;›“^^0,,›;??;;;,;&&&,“,^^,,^^“››“,›,“,^^,““““““““““^^,“0;/;?&0,/??0^00,›^;;,,,&&^

> Synthetische  
Nanomaterialien

Risikobeurteilung und Risikomanagement
Grundlagenbericht zum Aktionsplan

> Produkte und Gesundheit> Umwelt-Wissen

21
07



 Umwelt-Wissen  Produkte und Gesundheit

> Synthetische  
Nanomaterialien

Risikobeurteilung und Risikomanagement
Grundlagenbericht zum Aktionsplan

Avec résumé en français – Con riassunto in italiano – With summary in English

>>

Herausgegeben vom Bundesamt für Umwelt BAFU
und vom Bundesamt für Gesundheit BAG 

Bern, 2007



     
    

     
 

 

  

Impressum 
 
Herausgeber 
Bundesamt für Umwelt (BAFU)  
Das BAFU ist ein Amt des Eidg. Departements für Umwelt, Verkehr, 
Energie und Kommunikation (UVEK). 
Bundesamtes für Gesundheit (BAG) 
Das BAG ist ein Amt des Eidg. Departement des Inneren (EDI). 

Autoren 
Dr. Christoph Meili, Markus Widmer, Florian Husmann, Die 
Innovationsgesellschaft mbH, Lerchenfeldstr. 5, 9014 St.Gallen 
Prof. Dr. Peter Gehr, Dr. Fabian Blank, Institut für Anatomie, 
Universität Bern, Baltzerstrasse 2, 3000 Bern 9 
Dr. Michael Riediker, Kaspar Schmid, Santé des Travailleurs, Institute 
Universitaire Romand de Sante au Travail (IST), Rue du Bugnon 19,  
1005 Lausanne 
Prof. Dr. Wendelin Stark, Ludwig Limbach, Eidgenössische Technische 
Hochschule (ETH) Zürich, Institut für Chemie- und Bio-Ingenieur-
wissenschaften (ICB), Wolfgang-Pauli-Strasse 10, 8093 Zürich 

Projektteam 
Dr. Sergio Bellucci, Michael Emmenegger, Zentrum für Technologie-
folgen-Abschätzung (TA-SWISS), Birkenweg 61, 3003 Bern 
Christoph Bosshard, Schweizerische Unfallversicherungsanstalt 
(Suva), Abteilung Arbeitssicherheit, 6002 Luzern 
Dr. Stefan Durrer, Dr. Livia Bergamin, Ressort für Chemikalien und 
Arbeit, Staatssekretariat für Wirtschaft (SECO), Stauffacher-
strasse 104, 8004 Zürich 
Patrik Hitz, Ernst Basler + Partner, Zollikerstrasse 65, 8702 Zollikon 
Prof. Dr. Heinrich Hofmann, Ecole Polytechnique Fédérale de 
Lausanne (EPFL), Laboratoire de Technologie des Poudres (LTP) 
MX-Ecublens, 1015 Lausanne 
Prof. Dr. Georg Karlaganis (Leitung), Bundesamt für Umwelt (BAFU), 
Abteilung Stoffe, Boden, Biotechnologie, 3003 Bern 
Prof. Dr. Harald Krug, Empa – Materials Science & Technology, 
Lerchenfeldstrasse 5, 9014 St. Gallen 
Dr. Beat Schmid, Dr. Thomas Maurer, Schweizerisches Heilmittel-
institut (Swissmedic), Erlacherstrasse 8, 3000 Bern 9 
Dr. Christof Studer, Bundesamt für Umwelt (BAFU), Abteilung Stoffe, 
Boden, Biotechnologie, 3003 Bern 
Dr. Steffen Wengert, Bundesamt für Gesundheit (BAG), Abteilung 
Chemikalien, 3003 Bern 

Unter Mitarbeit von: 
Dr. Monika Kurath, Collegium Helveticum (Universität Zürich, ETH 
Zürich), Semper-Sternwarte, Schmelzbergstrasse 25, 8092 Zürich 
Dr. Christian Pohl, Akademien der Wissenschaften Schweiz, 
transdisciplinarity-net, Schwerztorstrasse 9, 3007 Bern 
Prof. Dr. Lorenz Hilty und Claudia Som, Abteilung für Technologie und 
Gesellschaft, Empa – Materials Science & Technology, 
Lerchenfeldstrasse 5, 9014 St. Gallen 

Koordination und Redaktion 
Dr. Christoph Meili, Markus Widmer, Florian Husmann (Die Innova-
tionsgesellschaft mbH, St. Gallen) 

Zitiervorschlag 
Meili C., Widmer M., Husmann F., Gehr P., Blank F., Riediker M., 
Schmid K., Stark W., Limbach L. 2007: Synthetische Nanomaterialien. 
Risikobeurteilung und Risikomanagement. Grundlagenbericht zum 
Aktionsplan. Umwelt-Wissen Nr. 0721. Bundesamt für Umwelt und 
Bundesamt für Gesundheit, Bern. 284 S. 

Gestaltung 
Ursula Nöthiger-Koch, 4813 Uerkheim 

Titelfoto 
Kohlenstoff-Nanoröhrchen sind fester als Stahl. Ihre Anwendung  
in der molekularen Elektronik wird innerhalb des NFS Nanowissen-
schaften untersucht. Foto: NCCR Nanoscale Science 

Download PDF 
www.umwelt-schweiz.ch/uw-0721-d 
(eine gedruckte Fassung ist nicht erhältlich) 
Code: UW-0721-D 

© BAFU 2007 

http://www.umwelt-schweiz.ch/uw-0721-d


  > Inhalt  3 
    

     
 

 

 

> Inhalt 

Abstracts 5 
Vorwort  7 
Kurzzusammenfassung 8 
Erweiterte Zusammenfassung 10 
Résumé  19 
Résumé étendu 21 
Riassunto 31 
Riassunto esteso 33 
Short Summary 42 
Extended Summary 44 
 

1 Einführung 52 
1.1 Was ist Nanotechnologie? 52 
1.2 Problemstellung 54 
1.3 Der Schweizer Aktionsplan «Risikobeurteilung 

und Risikomanagement synthetischer 
Nanomaterialien» 55 

1.3.1 Organisation 56 
1.3.2 Zielsetzung und Inhalt des vorliegenden Berichts 57 
 

2 Synthetische Nanomaterialien in Produkten  
und Anwendungen 59 

2.1 Zusammenfassung 59 
2.2 Einleitung 60 
2.3 Datenquellen 61 
2.4 Heutige Verwendung in Produkten und 

Anwendungen 64 
2.4.1 Produktzahl nach Sektor und Materialien 70 
2.5 Schlussfolgerungen 72 
 

3 Stand des Wissens zu Gefahren und Risiken  
für Mensch und Umwelt 73 

3.1 Gesundheit 73 
3.1.1 Zusammenfassung 73 
3.1.2 Einleitung 74 
3.1.3 Toxikologie synthetischer Nanopartikel 75 
3.1.4 Relevante Expositionsrouten und -quellen beim 

Menschen 76 

3.1.5  Daten über mögliche Auswirkungen von 
Nanopartikeln in Zielorganen 84 

3.1.6 Übersicht über laufende nationale und 
internationale Programme 89 

3.1.7 Aktivitäten im Bereich Produktsicherheit 95 
3.1.8 Schlussfolgerungen 95 
3.2 Umwelt 97 
3.2.1 Zusammenfassung 97 
3.2.2 Einleitung 98 
3.2.3 Ökotoxikologie synthetischer Nanopartikel 98 
3.2.4 Umweltverhalten 99 
3.2.5 Emissionen in die Umwelt 101 
3.2.6 Übersicht über laufende nationale und 

internationale Programme 101 
3.2.7 Entsorgungsmöglichkeiten 102 
3.2.8 Schlussfolgerungen 102 
3.3 Gefahren durch physikalisch–chemische 

Eigenschaften 103 
3.3.1 Zusammenfassung 103 
3.3.2 Einleitung 104 
3.3.3 Reaktivität von synthetischen Nanopartikeln 104 
3.3.4 Schlussfolgerungen 106 
 

4 Arbeitssicherheit und -gesundheit 107 
4.1 Zusammenfassung 107 
4.2 Einleitung 108 
4.3 Initiativen und Studien zu Exposition und 

Messmethoden 109 
4.3.1 Verwendung von Nanopartikeln im 

Arbeitsbereich 109 
4.3.2 Standardisierung im Arbeitsbereich 110 
4.3.3 Expositionsmessungen im Arbeitsbereich 111 
4.4 Möglichkeiten zur Minimierung der Exposition 

am Arbeitsplatz 112 
4.4.1 Filter 114 
4.4.2 Aktivitäten der SUVA 114 
4.5 Aktivitäten für Richtlinien zur Arbeitssicherheit 

und Arbeitsgesundheit 116 
4.6 Schlussfolgerungen 119 
 



  Synthetische Nanomaterialien BAFU / BAG 2007  4 
    

     
 

 

 

5 Regulierung und Standardisierung 120 
5.1 Zusammenfassung 120 
5.2 Einleitung 121 
5.3 Übersicht über Standardisierungsansätze 122 
5.4 Übersicht über Regulierungsansätze 123 
5.4.1 Freiwillige Registrierungsprogramme 123 
5.4.2 Nationale Projekte 124 
5.4.3 Beispiel einer Gap-Analyse im Umweltbereich 

(UK) 128 
5.5 Übersicht zur Rechtslage in der Schweiz 132 
5.5.1 Betroffene Regelungsbereiche 132 
5.5.2 Analyse der Regelungsbereiche 140 
5.6 Schlussfolgerungen 144 
 

6 Technologiefolgen-Abschätzung und 
Risikokommunikation 145 

6.1 Zusammenfassung 145 
6.2 Technologiefolgen-Abschätzung 148 
6.2.1 Einleitung 148 
6.2.2 Umgang mit unsicherem Wissen 149 
6.2.3 Überblick über nationale und internationale 

Aktivitäten zur Technologiefolgen-Abschätzung 150 
6.2.4 Ergebnisse aus abgeschlossenen TA-Projekten 

zu Nanotechnologien 154 
6.3 Risikowahrnehmung und -kommunikation 160 
6.3.1 Einleitung 160 
6.3.2 Wissen zur Nanotechnologie 160 
6.3.3 Modelle zur Risikowahrnehmung 

und -kommunikation 161 
6.3.4 Zielgruppenspezifische Kommunikation und 

Information 163 
6.3.5 Generelle Anforderungen an die Kommunikation 

im Bereich der Nanotechnologie 164 
6.3.6 Bestehende Informations- und 

Kommunikationsangebote 165 
6.3.7 Schlussfolgerungen 168 
 

7 Bedarf an Risikoforschung 170 
7.1 Zusammenfassung 170 
7.2 Einleitung 171 
7.3 Bedarf Risikoforschung 172 
7.3.1 Metrologie 172 
7.3.2 Bewertungsmethoden 172 
7.3.3 Gesundheit 173 

7.3.4  Umwelt 173 
7.3.5 Physikalisch-chemische Gefahren 174 
7.3.6 Arbeitssicherheit und -gesundheit 174 
7.3.7 Technologiefolgen-Abschätzung und 

Kommunikation 175 
7.3.8 Identifizierung bestehender 

Forschungsschwerpunkte 176 
7.3.9 Deckungsmöglichkeiten des Forschungsbedarfs 182 
7.4 Bedarf Grundlagenwissen 184 
7.5 Schlussfolgerungen 184 
 

8 Gefahren- und Risikobeurteilung 186 
8.1 Zusammenfassung 186 
8.2 Einleitung 186 
8.3 Internationale Aktivitäten 187 
8.4 Möglichkeiten zur präliminären Gefahren- und 

Risikoabschätzung 187 
8.5 Schlussfolgerungen 189 
 

9 Handlungsempfehlungen 190 
 

10 Beispiel: Sicherheitsdatenblätter 191 
 

Anhänge 192 
 

Verzeichnisse 274 
Wichtige Begriffe 274 
Abbildungen 275 
Tabellen 275 
Literatur 276 
 



  > Abstracts  5 
    

     
 

 

 

> Abstracts 

Nanotechnology and nanomaterials offer new possibilities and are the basis for a new
generation of products. The basic report for the Swiss Action Plan on “Risk Assess-
ment and Risk Management for Synthetic Nanomaterials” summarises current knowl-
edge on the risks of synthetic nanoparticles. The report deals with the various products
and applications now available, effects on human health and on the environment, occu-
pational safety, legislation, communication and the estimation of the effects of technol-
ogy. Then, it is deduced what action is needed as the basis for the concrete recommen-
dations to be worked out in the action plan for the safe use of nanoparticles. 

 Keywords: 
Nanotechnology, synthetic 
nanoparticles, risk, basic report, 
action plan, current knowledge, 
need for action 

Die Nanotechnologie und die Nanomaterialien eröffnen neue Möglichkeiten und sind 
die Grundlage für eine neue Generation von Produkten. Der Grundlagenbericht zum
Schweizer Aktionsplan Risikobeurteilung und Risikomanagement synthetischer Na-
nomaterialien fasst den aktuellen Stand des Wissens um die Risiken von synthetischen
Nanopartikeln zusammen. Er behandelt die verschiedenen heute vorhandenen Produkte
und Anwendungen, die Auswirkungen auf die Gesundheit und Umwelt, die Arbeits-
sicherheit, Rechtsetzung, Technologiefolgen-Abschätzung sowie die Kommunikation. 
Der abgeleitete Handlungsbedarf, ist Grundlage für konkrete Handlungsempfehlungen
des Aktionsplans zum sicheren Umgang mit synthetischen Nanopartikeln. 

Stichwörter: 
Nanotechnologie, synthetische 
Nanopartikel, Risiko, 
Grundlagenbericht, Aktionsplan, 
Stand des Wissens, 
Handlungsbedarf 

La nanotechnologie et les nanomatériaux ouvrent de nouvelles perspectives et sont à 
l’origine d’une nouvelle génération de produits. Le rapport de base relatif au plan
d’action « Appréciation et gestion des risques des nanomatériaux synthétiques » fait un 
tour d’horizon de l’état des connaissances sur les risques des nanoparticules. Il traite les 
produits et applications actuels, leurs effets sur la santé et l’environnement, la sécurité 
au poste de travail, l’appareil réglementaire, l’évaluation des choix technologiques ain-
si que la communication. Il conclut à la nécessité d’agir. Cette nécessité est à la base 
des recommandations concrètes élaborées dans le cadre du plan d’action et qu’il faudra 
appliquer dans l’intérêt d’une utilisation sûre des nanoparticules synthétiques. 

 Mots-clés : 
Nanotechnologie, nanoparticules 
synthétiques, risque, rapport de 
base, plan d’action, état des 
connaissances, nécessité d’agir 

La nanotecnologia e i nanomateriali aprono nuove prospettive e costituiscono la base
per una nuova generazione di prodotti. Il rapporto di base relativo al piano d’azione na-
zionale “Valutazione e gestione dei rischi dei nanomateriali di sintesi” presenta in bre-
ve lo stato attuale delle conoscenze e i rischi legati allo nanoparticelle sintetiche. Og-
getto dello studio sono i diversi prodotti attualmente esistenti e le loro applicazioni, le
ripercussioni sulla salute e sull’ambiente, la sicurezza sul lavoro, la legislazione, la va-
lutazione delle conseguenze tecnologiche e la comunicazione. Dagli aspetti considerati 
viene infine dedotta la necessità di intervento, sulla cui base verranno poi formulate
concrete raccomandazioni di azione per garantire un’utilizzazione sicura delle nano-
particelle sintetiche. 

 Parole chiave: 
nanotecnologia, nanoparticelle 
sintetiche, rischio, rapporto di 
base, piano d’azione, stato delle 
conoscenze, necessità di 
intervento 
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> Short Summary 
Nanotechnology, based on “small-scale science” is considered to be a key form of 
technology with a considerable economic potential. It deals with structures that are 
typically between 1 and 100 nm in size (1 nm = 10–9 m). Since nanomaterials often 
display other, new properties nanotechnology enables new products and processes to 
be created. Some important areas of application, which are economically promising for 
the future include electronics, computer technology, the development of advanced ma-
terials and medicine (e.g. carriers for targeted delivery of active substances, and new 
procedures for diagnosis and therapy, for instance in relation to cancer). The safe, suc-
cessful use of nanotechnology represents a great opportunity for research and industry 
in Switzerland.  

Nanotechnology is a new, technically complex area. Initial studies in Switzerland show 
that, in principle, citizens have a positive attitude to this new technology, but that there 
is a general lack of knowledge about it. Possible risks with consumer products and ap-
plications (food, cosmetics, etc.) are an important issue, as is the labelling of such 
products. It is very important to provide information to the public and to discuss these 
issues, so that citizens' worries and expectations can be recognised and dealt with as 
quickly as possible.  

With a view to producing the action plan on “Risk Assessment and Risk Management 
for Synthetic Nanomaterials 2006–2009” the Federal Office for the Environment 
(FOEN) and the Swiss Federal Office of Public Health (SFOPH) called for the poten-
tial risks of synthetic nanoparticles to be studied, assessed, and where necessary for ap-
propriate measures to be proposed. The unintentional release of fine particulate matter 
(e.g. from road traffic) is not included in the present report. This basic report outlines 
the current state of our knowledge about the potential risks of synthetic nanoparticles, 
identifies gaps in our knowledge and topics where there is a need for research to be 
carried out, and provides the basis for formulating recommendations for action to pro-
tect the environment and the health of consumers and employees. The Swiss action 
plan follows on from the EU action plan of June 2005, but concentrates on the situation 
in Switzerland. 

Little research has been done on the potential risks that nanoparticles present for hu-
man health. Various studies have shown that – as a result of their small size – unbound 
nanoparticles can get into the finest structures of the lungs and from there into the 
blood. They can then spread around the body through the bloodstream and penetrate 
other organs. Investigations using cell cultures have shown that certain nanoparticles 
are easily taken up into cells, where they can have a damaging effect, depending on 
their chemical composition. It is suspected that they can cause inflammation or even 
changes in tissue. The behaviour and possible effects of nanoparticles are influenced by 
the dose received, their elemental composition and size, the form of the particle, the 
surface function, tendency to aggregate and surface charge. To make predictions on the 
potential risks of nanoparticles, further intensive research must be carried out, and 
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types, quantities and exposure values e.g. in the work place have to be understood. 
There is still a lack of uniform test methods and the basic scientific knowledge to carry 
out a comprehensive characterisation of nanomaterials.  

Little research has been done on the inputs of synthetic nanoparticles into the environ-
ment or on their translocation and transformation in ecosystems. We lack data on pos-
sible sources and quantities of input, or studies on their environmental behaviour and 
possible bioaccumulation. Processes whereby persistent nanoparticles could accumu-
late in organisms and in ecosystems are of particular interest. The way in which syn-
thetic nanoparticles spread in water, soil and the air, and their interactions with organ-
isms have hardly been studied so far.  

According to our current knowledge, exposure to synthetic nanoparticles in the work-
place occurs mainly through processes, which use unbound nanoparticles as raw mate-
rials or which produce them as by-products. The recognised principles to reduce expo-
sure at the workplace also apply to synthetic nanoparticles: new materials with un-
known properties are to be handled as potentially dangerous. First, organisational pro-
tection measures must be taken, accompanied by technical protection measures and the 
substitution of powdery preparations. However, there is still great uncertainty about the 
efficiency of technical protection systems and personal protection equipment, espe-
cially for nanoparticles with a low agglomeration tendency. The specific physical and 
chemical properties of synthetic nanoparticles may also present unexpected physico-
chemical safety risks such as the danger of fires and of explosions, or of unexpected 
catalytic activity. 

In Switzerland, at the level of laws, there are the basic legislative prerequisites to regu-
late synthetic nanoparticles, but it will be necessary to adapt ordinances, norms and 
guidelines. For instance, instead of using threshold values for mass, new parameters 
such as surface area / volume will have to be considered.  

Overall it can be seen that there is not yet sufficient basic information of a scientific or 
methodological nature for a conclusive risk assessment of nanoparticles to be carried 
out, and for them to be regulated. It is essential to have estimates of risk based on phys-
ico-chemical, toxicological and exposure data (risk framework) in order to set priorities 
for research on risk and for regulation, and if necessary to introduce measures to reduce 
risk. 
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> Extended Summary 
Initial position and motivation 

Nanotechnology has very promising possibilities and is regarded as a key technology 
for the 21st century. It is a horizontal or enabling form of technology, which will pene-
trate all industrial sectors in the medium term. New materials for surface coatings, 
computers, textiles, cosmetics, packaging and medicines are just a few examples of 
product groups that can be improved in terms of their functions and quality by 
nanotechnology. For Switzerland as a site for research and economic activities, 
nanotechnology offers an enormous potential for innovation and development. On the 
other hand, nanotechnology also has an enormous potential to improve the environ-
ment, through “green chemicals” and the sustainable use of resources. 

New technologies are accompanied by new risks. In view of the great importance of 
nanotechnology for the economy, research and society, and of the expected wide-
spread use of nanomaterials, any possible risks have to be studied by comprehensive, 
proactive risk estimation and assessment. Based on that, measures can be taken to pro-
tect people and the environment, and there can be well-informed discussions within so-
ciety.  

Synthetic nanoparticles are important components of nanotechnology, which are pro-
duced industrially and used in products or processes because of their particular proper-
ties. Despite the rapid development of nanotechnology, very little is yet known about 
the exposure of humans and the environment to synthetic nanoparticles or the potential 
risk. However, from various areas of research, such as occupational medicine, epide-
miology and the science of aerosols there are indications that ultrafine particles (unin-
tentionally released particles < 100 nm) can have negative effects on health. Undoubt-
edly, the toxicological findings on ultrafine particles only cover a small part of the ef-
fects that we have to expect from the chemical diversity of synthetic nanoparticles. 
Synthetic nanomaterials are not dealt with especially in the present legislation on 
chemicals. However, to ensure safety for companies and authorities, the applicability 
of the legislative framework has to be checked for nanomaterials. Early estimation and 
assessment of risks and checking on the “nanosuitability” of the legislative framework 
are thus crucial factors for safe, sustainable, successful use of nanotechnology. 

In spring 2006, the Federal Office for the Environment (FOEN) and the Swiss Federal 
Office of Public Health (SFOPH) started a project to develop a “Risk Assessment and 
Risk Management for Synthetic Nanomaterials 2006–2009” action plan. In the context 
of the action plan, the principals for the assessment of the need for action are to be 
worked out in collaboration with a professional committee of experts, and concrete 
measures proposed. Unintentionally produced fine particles (e.g. those produced by 
road traffic) are not included in this report. The report was produced by a consortium 
of experts and it is the basis for the action plan. The plan should show what measures 
can enable synthetic nanomaterials to be dealt with safely. The basic report contains an 
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overview of current research work, dialogue platforms and regulatory approaches in 
Switzerland and other countries. Topics dealt with are the human toxicity and ecotoxic-
ity of nanomaterials, occupational safety and occupational health, regulation and stan-
dardisation, the assessment of the consequences of technology and communication. 
Based on the information in this basic report, gaps in research and needs for research 
should be identified and recommendations should be worked out as a basis for the ac-
tion plan and implementation plan. 

Nanotechnology is an area that is developing rapidly. It is concerned with structures 
that are typically between 1 and 100 nm (1 nm = 10–9 m) in size. Nanotechnological 
applications and products make use of characteristic effects, which occur in the transi-
tion area between the atomic and the mesoscopic scale. This means that nanoscale ma-
terials can have different physico-chemical properties than microscale or macroscale 
materials. These new or altered properties can be used in a targeted way and open new 
possibilities in practice. The number of products and applications using nanomaterials 
is rapidly increasing. 

Whereas the enormous innovation potential of nanotechnology was previously to the 
fore, in recent years, the possible risks of nanomaterials for health and the environment 
have increasingly been pointed out. The focus is particularly on applications and prod-
ucts using synthetic nanoparticles. Synthetic nanoparticles are produced for a specific 
purpose and have a defined chemical composition and size distribution. They are al-
ready in use in various products and applications. The nanoparticles used are in a more 
or less strongly bound form depending on the purpose for which they are to be used 
and the type of product. An important aspect of the discussion of the risk with synthetic 
nanoparticles centres on products and applications using unbound nanoparticles, where 
the release of synthetic nanoparticles is to be expected.  

In principle, there are possibilities for improving most applications and products by the 
use of nanomaterials or nanoparticles. Some important areas of application are elec-
tronics and composite materials that are reinforced by deposited nanoparticles, and 
cosmetics, medicines and body-care products where nanoscale capsules improve the 
transport of the active ingredient. Another broad area of application is surface treat-
ments e.g. products to clean or to seal textiles, wood and metal. In particular in the ar-
eas of body-care, medicines, cosmetics and textiles direct contact occurs with the 
nanoparticles or they may even be taken up. For body-care products and medicines, 
there is likely to be at least indirect input of particles into the environment via waste-
water. Considering the basically uncertain risk situation, such applications close to the 
body have to be considered as potentially likely to lead to conflict. 

The state of our knowledge about the risks of nanoparticles 

Little data is available on the toxicology, release, environmental behaviour and safety 
of nanoparticles. Although a few studies have been carried out, not all of their results 
are meaningful, since many of these investigations were carried out using very high 
concentrations of particles, and with samples or reference materials that had not been 
accurately characterised.  



  Synthetische Nanomaterialien BAFU / BAG 2007  46 
    

     
 

 

 

In the literature it is often stressed that results for one nanoparticle cannot be general-
ised to other materials. This is mainly because the factors for classification have not yet 
been defined in a uniform way. Standardised tests for individual groups of nanoparti-
cles and the use of recommended references would enable comparisons to be made be-
tween the different materials and studies. It is important to understand the physico-
chemical properties of nanoparticles if we are to avoid false positive and false negative 
results. These not only cause uncertainty for other researchers and the public, but they 
are detrimental to the general credibility of this area of research.  

For most nanoparticles it is not clear whether and how they are taken up in the body, 
distributed, metabolised, accumulated and secreted. Kinetic models can help in the es-
timation of realistic doses of particles in target organs that could be affected. Thus, the 
question can be resolved of which exposure paths are relevant for various nanoparticles 
and whether certain target organs can be excluded (for the moment), when setting the 
first priorities. In addition to particles themselves, their breakdown products also have 
to be considered. 

The lungs are considered to be the most critical organs for taking up nanoparticles. 
They have an enormous exposed area, and inhaled and deposited nanoparticles can get 
into the bloodstream through the extremely thin air-blood-tissue barrier. Nanoparticles 
can penetrate lipid bi-membranes and get into organelles such as mitochondria and nu-
clei, which can cause oxidative stress or damage to DNA. Many studies with model 
nanoparticles using animals or cell cultures have shown inflammation reactions.  

In addition to the dose and the elemental composition of the nanoparticles, factors such 
as their surface area, the function of the surface, tendency to aggregate, the form of the 
particles and their surface charge all play decisive roles in their distribution through the 
body, and their possible (genetic) toxicity. 

In addition to the lungs, the skin provides a potential uptake surface. However, no stud-
ies have yet shown whether nanoparticles can get into the bloodstream through intact 
skin. 

It seems that nanoparticles are secreted efficiently through the intestine. For small par-
ticles (< 100 nm) increased uptake through the intestinal wall has been observed in rats. 
Data on translocation between organs are based on different approaches, so they cannot 
yet be considered to have been confirmed. According to various studies surface-
modified nanoparticles crossed the blood to brain barrier. It has not yet been experi-
mentally tested whether the blood to testicle barrier or the placental barrier can also be 
crossed, but it is suspected that these things are possible, in view of the fact that the 
particles are in the range of nm. 

At present, only a few studies have been carried out on the ecotoxicity and environ-
mental behaviour of nanoparticles. So far, the effects on aquatic organisms have been 
examined, but frequently high concentrations of particles that are not environmentally 
relevant were used, and the test material was not sufficiently characterized.  

Health 

Environment 
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There are not yet any reliable estimates of possible environmental inputs that could oc-
cur during the production, use and disposal of nanoparticles or products containing 
nanoparticles. In particular there is a lack of suitable methods to measure nanoparticles 
in the environment. Similarly, scarcely any studies have been carried on by-products 
and breakdown products of nanomaterials. The basic aspects of the behaviour of mi-
crometre-range particles in the air or in aqueous solutions have been clearly described 
and they can be understood in terms of quantitative models. As far as possible, 
nanoparticles should be introduced into these existing models, or appropriate new 
models should be developed. Normally, nanoparticles in gases can be removed rela-
tively simply by rapid agglomeration to bigger structures by diffusion filtration or 
depth filtration. In liquids this may be difficult under certain circumstances if there are 
stabilized dispersions. The effectiveness of breakdown in wastewater treatment works 
has barely been examined so far. Preliminary investigations show that the present 
treatment process may not be sufficient, but the literature is not all in agreement. So 
far, there are hardly any data about bioaccumulation and the possibility of the accumu-
lation of nanoparticles in the food-chain. However, investigations show that nanoparti-
cles can be taken up by organisms in the environment. We have to consider on one 
hand the storage of lipophilic nanoparticles in fatty tissues, and the resultant concentra-
tion in the food-chain, and on the other hand the accumulation of persistent nanoparti-
cles in ecosystems and organisms if there are no pathways for their breakdown or ex-
cretion. 

The specific physical and chemical properties that nanoparticles have compared with 
larger particles can present unexpected safety risks. The most important physico-
chemical dangers are the risks of fire or explosion and of unexpectedly increased cata-
lytic activity. So far, these dangers have been classified as relatively low for many syn-
thetic nanoparticles, as nanoparticles are produced in relatively small quantities. How-
ever, this is likely to change rapidly in the future. 

In clouds of dust, the size of the particles and the related specific surface area are criti-
cal for the explosion characteristics. Basically, the smaller the particles are, the greater 
the risk of a dust explosion will be. However, the physico-chemical properties of many 
particles are still only partly understood, so it is difficult to estimate these risks. 

At the workplace, according to our present knowledge, exposure to nanoparticles oc-
curs primarily through handling nanoparticles that were produced for a specific pur-
pose, and through working practices that generate nanoparticles as by-products. Al-
though there is not yet an overview of the types, quantities, or forms of application of 
nanoparticles, as by-products they are considered to be the most widespread source of 
exposure in the workplace.  

There have not yet been any epidemiological studies on the health risks of modern syn-
thetic nanoparticles. Concentrations at the workplace have barely been estimated so far, 
and it is not clear whether the current models for local and temporal concentration pro-
files apply in the case of new nanoparticles. At present apart from a convention be-
tween a few European institutes of occupational safety there are no international stan-
dards on methods for measuring nanoparticles and for estimating exposure to them. 

Dangers through physico-
chemical properties 

Occupational safety and health 
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ISO has created a committee on nanotechnology4, in order to produce norms based on 
scientific knowledge in the areas of health, safety and the environment. Until norms in 
this area become available, exchanges of experience between measuring engineers and 
scientists will be particularly important. 

The known strategies to reduce exposure in the workplace also apply to dealing with 
nanoparticles. Appropriate protection measures are evaluated and defined by specialists 
in occupational health and safety as part of an assessment of risks throughout the com-
pany. The principle applies that new substances with unknown properties should be 
treated as potentially dangerous. Organisational protection measures should primarily 
be taken, supported by technical protection measures and the substitution of prepara-
tions that form powders.  

Personal protection equipment can occasionally supplement these measures, but it 
should not replace them. Current recommendations are firmly based on analogy with 
handling larger particles. But it is still highly uncertainty how efficient technical pro-
tection systems and personal protection equipment can be, especially for new nanopar-
ticles with a very low tendency to agglomerate. 

Therefore, there is still a lack of the scientific and methodological basis to carry out a 
conclusive risk assessment of nanoparticles. Several large-scale programmes are run-
ning or being planned in Switzerland and at the international level. These will deal with 
different aspects of risk research on nanoparticles. In this context, it is important to 
have a coordinated, strategic approach to deal with the most important issues. 

Regulation and standardisation 

Basically it can be considered that in Switzerland, at the level of laws, the prerequisites 
are in place to regulate nanoparticles. It will be necessary to adapt at the level of ordi-
nances, and in the area of norms and guidelines. 

The Swiss regulations employ various tools such as authorisation, self-supervision, 
positive and negative lists, the obligation to provide information and limits for emis-
sions. The approval of nanomaterials in the area of drugs is well regulated, since for 
any new approval, extensive safety investigations must be carried out on animals and 
on human beings, during which the kinetics also have to be shown. However, for other 
areas the question basically arises of whether the framework is adequate for a proce-
dure of self-supervision to ensure a level of protection of humans and of the environ-
ment comparable with that obtainable through an authorisation procedure. In certain 
areas, lists of prohibitions or restrictions on use provide the possibility of banning cer-
tain dangerous nanoparticles.  

The supply of safety information (safety data sheets) to companies by manufactures 
and to consumers (declaration of nanoparticles) provides the basis for safe handling 
and correct disposal of nanoparticles. In addition, declarations of nanoparticles on 
products can enable consumers to decide whether to buy and use them.  

 
4  ISO Technical Committee (TC) 229 «Nanotechnologies». 
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Synthetic nanoparticles used in biocides, pesticides, drugs, etc. are subject to the ap-
propriate legislative regulations. However, in certain areas of regulation there are no 
specific requirements for particles. There are therefore considerable legislative uncer-
tainties, which can lead to possible risks for health and for the environment not being 
recognised, and the risks could be minimised by the application of suitable measures. 
On the other hand this legislative uncertainty can itself have a negative effect on inno-
vation, since businesses are hardly interested in investing in the development of nano-
technologies or products containing nanoparticles, as long as it cannot be foreseen what 
legislative requirements have to be met, and what restrictions might be imposed on the 
manufacturer. 

At the international level it is worth mentioning above all the EU action plan and the 
activities of the OECD, the EMEA (European Agency for the Evaluation of Medicinal 
Products) and the FDA (Food and Drug Administration), which are important for Swit-
zerland. At the national level intensive discussions are being carried out – in particular 
in the USA and in England – about the validity and applicability of legislative regula-
tions. The regulations must be able to give clear definitions allowing nanomaterials to 
be registered and classified as “new” or “existing” substances. At the same time the 
area of validity of the legislative bases must be checked for new possible protection ar-
eas involving nanomaterials. The regulations must contain clear threshold values with 
exemptions and give tolerable pollution levels. As an example, new parameters such as 
surface / volume ratios must be considered instead of data on mass and threshold val-
ues. In view of the very low amounts of nanoparticles produced and their special prop-
erties, it seems that having a quantity exclusion criterion (e.g. < 1 tonne per year per 
manufacturer) would not make sense. 

A monitoring system or early warning system should also be developed to further de-
velop and adapt the existing regulations. This could also include the obligation to no-
tify new information on the risks presented by nanoparticles. 

Several institutions are active in the area of standardisation, at the international and na-
tional levels. At the European and international levels CEN / ISO and the OECD are 
the organisations in charge, and they have working groups in the area of standardising 
nanotechnology. The defined objectives are mainly concerned with terminology and 
nomenclature, metrology, methodology, and the specification of reference materials in 
the area of health, the environment and safety.  

Assessment of the consequences of technology and communication 

Nanotechnology will most probably realise its potential and achieve a high level of ac-
ceptance if possible effects on health, the environment and society are anticipated as 
early as possible. This information can also protect society and the economy from mak-
ing wrong investments and the consequent costs. Technology assessment should help 
to minimise possible risks during the earliest possible phases of technology develop-
ment. 

The main objective of technology assessment (TA) is to supply decision-makers in 
business and political circles with a solid basis concerning relevant technical areas. 
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New controversial technologies are studied as broadly and independently as possible, 
regarding their societal, ecological, health, economic, legal, social and ethical effects. 
The parliament and the Federal Council have put the centre for technology assessment 
(TA-SWISS) in charge of examining the opportunities and risks of new technologies. 
TA-SWISS fulfils this mandate by carrying out expert studies and through participative 
procedures (with the population).  

There are TA projects on nanotechnologies, which are currently running or have been 
finished, within Europe and in English-speaking countries. To develop the Swiss action 
plan, it will be most important to consider the results of the publifocus on “nanotech-
nologies and their importance for health and the environment” (TA-SWISS) and the re-
sults of the consumer conference in Germany (BfR, UfU IÖW). The objective of the 
TA-SWISS publifocus project, which finished in 2006, was to obtain participants' ini-
tial opinions of the conditions for acceptance of nanotechnologies, their wishes, mis-
givings and open questions. One has to show how the use of nanomaterials and the 
possible social and economic effects of these new technologies are perceived by so-
called laypersons who have been informed about the topic. 

The publifocus discussions have shown that only a few people take a deep critical look 
at nanotechnologies, and that the general level of knowledge is rather low. Therefore, it 
is necessary to provide further information and to have a debate. However, the partici-
pants who received the “Nano! Nanu?” information brochure supplied by TA-SWISS 
asked a number of tricky questions. It can be seen that at present there are no firm posi-
tions on nanotechnologies. The misgivings are mainly in the areas of food, where there 
is a demand for the requirement to declare or for regulations. The biggest opportunities 
are considered to be in medicine and for the environment.  

General information for and discussion with the public are very important. Dialogue 
between and with stakeholders, and the inclusion of those members of the public who 
have an interest must be included as part of technology development. Communication 
between experts and the public is often emphasised. The involvement of citizens can be 
through well-know participation methods such as consensus conferences and focus 
groups, which must deal in a qualitative way with the questions, fears and hopes of 
citizens. 

Fairs open to the public, such as NanoPubli also create great interest and they offer re-
searchers, industry and the authorities the opportunity to exchange information and to 
talk to citizens. As regards dialogue and participation, in each case it is important to 
distinguish whether it is a matter of advertising (achieving acceptance), providing bal-
anced information, dialogue or concrete participation. Different methods have to be 
chosen depending on the level, and the basic rules of participation have to be applied 
carefully.  

The authorities in Switzerland have been involved in discussing the risks in nanotech-
nology since spring 2005. In addition to the webpages of the Federal Office for the En-
vironment and of the Swiss Federal Office of Public Health, the authorities have taken 
over the patronage of the annual “NanoRegulation” conference, which takes place in 
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parallel with NanoPubli in St. Gallen and goes into depth about the regulation of 
nanotechnology. 

In connection with communication on the risks of technology it is important to realise 
that the debate about opportunities and risks mostly takes place at isolated levels, or 
about individual topics (scientific, psychological or social sciences) and that this pre-
vents consideration of the risks in an integrated way. Modern means of communication 
mainly favour one-sided information for users, instead of mutual two-way communica-
tion. The establishment of an interdisciplinary communication platform covering the 
various levels would solve many of these problems. 

Assessment of the dangers and risks presented by nanomaterials 

Overall it emerges that there is not yet a sufficient scientific and methodological basis 
for a conclusive risk assessment and regulation of synthetic nanoparticles. In order to 
set priorities for research on risk and for regulation, and if necessary to introduce risk 
reduction measures, it is necessary to have estimates of risk based on physico-chemical 
properties, on toxicological data and on data related to exposure (risk framework). 
Thus the restricted capacities in risk research can be classified as well as possible, and 
regulations can be discussed in relation to the relevant categories of particles.  

Basically the question arises of whether the assessment approach used for conventional 
chemicals can also be applied to nanoparticles. For the assessment of danger, the toxi-
cological and ecotoxicological properties are tested, as are the breakdown and the po-
tential to accumulate. Finally, chemicals are classified based on an appropriate set of 
criteria. All approaches are to a certain extent based on analogy with non-nano-
materials and on toxicological and ecological criteria, which would have to be imposed 
as minimum requirements for all particles. Based on the lack of basic data and of test 
standards, such approaches can hardly be used in a meaningful way. In addition, it first 
has to be shown what differentiation criteria are meaningful and relevant for nano-
particles. 

In parallel with that, future projects are being discussed and set up, so that new meth-
ods can be developed to test nanomaterials for usability and as far as possible to stan-
dardise them. 

Recommendations for action 

This basic report is the starting point for formulating recommendations for action. In 
the recommendations for action the areas mentioned in this report should be taken into 
account though concrete proposals for projects, participation and regulation. In this 
process, through several steps of work and consultation with the project team, the ac-
companying group and the pool of experts, 26 recommendations for action should be 
developed on the following topics: the promotion of research, standardisation, volun-
tary measures taken by trade and industry, the establishment of legislation, communi-
cation and technology assessment. In all this, the various points of view have to come 
across. 
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