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¦Îʛʜ§«ȕ XŏI.Ŭ�ŨŰǌƪHǯʕȏlȻ�2ũ'ßǟŨŰ�đʖ 
9×ŨŰ|iú 

 
ŨŰǄȋeʝȏlőǚȷȹɋɳɶʂɯʌɑʍȻ÷ȇȺɈɋģÂƼ$ȺǻȫɋŨŰ 

 
9×ŨŰǄȋeʝɳɶʂɯʌɑʍȻ÷ȇƼ$ʕȏlŵɏgɄʖȺǻȫɋvȃKfǅċ 

 
ŨŰ9×ƒʝªĿȕ ò³ vŲRƢlȏlƧŏŨŰÐȕ �2ÂĸƼ$Ǫȕ ǪǷ 
ŨŰTFƒʝ�S� ö� vŲRƢlȏlƧŏŨŰÐȕ �2ÂĸƼ$Ǫȕ Ŵ��ŨŰHÑ 

 
ŨŰƭñ 
ȕ ăŨŰȶȼȗɳɶʂɯʌɑʍȻȏlǻǞ9ǭɏ�½ȷȩȯ÷ȇŉīɇʌɥɝƼ$Ⱥǻȫɋv

ȃKfɏǅċȫɋȧȷŢşȷȩȵȝɋȘ29§«ȼȗě¡ȏl�2ĚǻʕEFSAʖȢ�-ȩȵȝ
ɋȏl[ȾȐë9ǭȺȠȥɋɳɶɯɝɶʏɤʓȻʌɥɝƼ$ȺǻȫɋŬ�ɵɭɱʐʓɝȠɈȾȗ

ȏlÞƴĄëȻŬ�ɵɭɱʐʓɝȺǻȫɋǅċɏƥȲȯȘEFSAȶȼȗ2011§ȻɚɓɫʑɥȻ
åƶņȷȩȵȚȏlȠɈȾȐëǞǵȺȠȥɋɳɶɡɓɖʑɥȠɈȾɳɶɯɝɶʏɤʓȻʌɥɝɑ

ɧɥʅʑɱȺǻȫɋɚɓɫʑɥțȻ�ÎɏƥȲȵȠɊȗɳɶʂɯʌɑʍȻŬ�ɵɭɱʐʓɝȶȼɚɓ

ɫʑɥȻɹɼɠʅȺfȥȯǈǇȢƥɎɌȯȘɚɓɫʑɥȺȼȗ2011§ȻɚɓɫʑɥɈɊǀſȹ
9ĉĭɇ in vitro9ƳÂȹȸɏőȝȯƼ${ĻȗɳɶʂɯʌɑʍȺǤőaƗȹŏŇ�şƽȓ
ʕin vivo/in vitroʖĭȺǻȩȵƆƍşȹÆ|ɏ]ǓȩȯɆȻȺȹȲȵȝɋȧȷȢŪȨɌȯȘɂ
ȯȗȏlÞƴĄëȻŬ�ɵɭɱʐʓɝȶȼȗ�qŵȻV@őɓʑɝȺgɂɌɋɳɶɡɓɦȻȌ

ëȺǻȩȵȻ9ĉĭɇ�·ȻƼ$ÛǰŵȻîfÂȺȳȝȵǻ½ȢȔɂȲȵȝɋȧȷȢŪȨɌ

ȯȘ 
 
ʞʙŨŰŢş 
ǖ§¥ªȤ>őȨɌȵȝɋɳɶʂɯʌɑʍȺȳȝȵȼȗ

ùȹɋ¿őȢÿ¶ȨɌȵȝɋ�îȶȗȮȻňÂȺɈɋ

Ç�Ȼ+¬´ȊȻaƗÂȢÛãȨɌȵȝɋȘvȃş

Ⱥȼȗě¡ǞcȶȼɳɶĄëȻ�8ʒŞǴȻƐLPȻ

KȣȢȜɊȗŹvȶɆ EPA ɏ��Ⱥư?ɇšƱȢĐƷ

ȨɌȵȝɋȘăǩȶɆȗəʓʀʑɳɶɬʈʓɼŵȶȼ²

ŉɇɡɓɦȺɈȲȵģÂȢřȹɋaƗÂȢŪmȨɌȵ

ȝɋȘɳɶʂɯʌɑʍȺȼȗĕșȻĄǍȢƑĎȨɌȵȠ

ɊȗȮȻ¢đş>őȻÝƜȢÿ¶ȨɌȵȝɋȘȨɉȺȗ

ɳɶɯɝɶʏɤʓȼȏlʒȏl�q9ǭȺȠȥɋůĒ

şȹ>őɆÿ¶ȨɌȵȠɊȗȧɌɂȶȻŨŰȶȼȗȏ

lǻǞ9ǭȺȠȥɋ ő�ÊɏǅċȩȯƃĊȗɳɶ

ǳɇȗ�ǫPɬɪʑȺȳȝȵȼ�qʒOƩȿȻ ő

ȢũǁȶȣȯɁȡȗě¡ȶȼ EFSA Ȣ 2010 §ȡɉ

�-ȩȵȝɋȏlȠɈȾȐë9ǭȺȠȥɋɳɶɯɝɶ

ʏɤʓȻʌɥɝƼ$ȺǻȫɋŬ�ɵɭɱʐʓɝ

ʕ Scientific network of risk assessment of 
nanotechnology in Food and FeedʖȺȠȝȵȗů
ĒşȹǈǇɏƥȲȵȝɋȘăŨŰȶȼȧȞȩȯě¡Ⱥ

ȠȥɋKfɏ�½ȺȩȗvȃşȹɳɶʂɯʌɑʍȻƼ

$ŉīȺǻȫɋüíKfȻǅċɏƥȞȧȷɏŢşȷ

ȩȯȘ 
 

ʟʙŨŰîĭ 
ȕ ě¡ȏl�2ĚǻʕEFSAʖȢ�-ȩȵȝɋȏl[
ȾȐë9ǭȺȠȥɋɳɶɯɝɶʏɤʓȻʌɥɝƼ$Ⱥ

ǻȫɋŬ�ɵɭɱʐʓɝʕScientific network of risk 
assessment of nanotechnology in Food and 
FeedʖʕŴ 7r�ǈȗ2017§ 11ýǹ-ʖȺǻȩȵǅ
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ċɏƥȲȯȘɂȯȗȏlÞƴĄëȺǻȫɋŬ�ɵɭɱ

ʐʓɝʕScientific Network of the food 
ingredients and food packaging (FIP) Unit on 
food contact materials (FCM), the ‘EFSA FCM 
Network’ʖʕŴ 5r�ǈ 2017§ 7ýǹ-ʖȺȠȝȵȗ
ȏlÞƴĄëȿȻɳɶŻ�ȻéȺǻȫɋǈȋɏǅ

ċȩȯȘ 
 
ʠʙŨŰƃĊ 
ʚʗŴ 7rȏlȠɈȾȐëȺȠȥɋɳɶɯɝɶʏɤʓʒ
ʌɥɝɑɧɥʅʑɱʕFSAŬ�ɵɭɱʐʓɝʖ 
�rȻ�ǈȶȼȗ2018 §Ȼ 1 ýȺ�ȨɌȵȝ

ɋȚȏlȠɈȾȐëǞǵȺȠȥɋɳɶɡɓɖʑɥȠɈ

ȾɳɶɯɝɶʏɤʓȻʌɥɝɑɧɥʅʑɱȺǻȫɋɚɓ

ɫʑɥʝŴ 1 ǪȗɺɱȠɈȾKŇȻ+¬țȻɹɼɠʅȻ
ɲʋɻɱȺȳȝȵǈǇȢƥɎɌȯȘ 

EFSA ȼȗȏlȠɈȾȐëǞǵȺȠȥɋɳɶɡɓ
ɖʑɥȠɈȾɳɶɯɝɶʏɤʓȻ¿őȻʌɥɝɑɧɥʅ

ʑɱȻ�ǺȠɈȾKŇȻ+¬ʕŴ 1 ǪʖȺǻȫɋȧȻ
ɚɓɫʑɥɏ�ÎȩȯȘȧɌȼȗEFSA Ⱥ�ƸȨɌȯ
íưȏlȗȏlÞƴĄëȗȏl/ȐëĵGŇȠɈȾ
ĢƤDɏgɄ9ǭɏəɸʓȩȵȝɋȘȧȻɚɓɫʑɥ

ȼȗ�Cʕ2011§ʖȻɚɓɫʑɥȻŝƨ�ǽȺ¹ɉɌ
ȯíȩȝŧƯɏƑÌȺ1ɌȵȝɋȘ�ćşȺȼȗí

ưȏlȗȏl/ȐëĵGŇȗĢŏŇDȗĢƤDȗĢ
ƤDȗĢƤDȠɈȾȏlÞƴĄëȻb9ǭȶǤő

ȨɌɋɳɶɠʑʁɤɭɱɇɳɶəɽɧʍȺȠȥɋŧƯɆ

ƑÌȨɌɋaƗÂȢȜɋȘɚɓɫʑɥȼȗɳɶŇǍȻ

ŇŎP�şňÂȗ÷ȇƼ$ȗȠɈȾɷɢʓɲňÂȺ

ǻȫɋɈɊ�ȤȻį�ȷǻǞÂȻȜɋíȩȝŬ�şŨ

Űɏ^Ɋ1ɌȵȝɋȘ5�şȺȼȗĄëȢɳɶʂɯʌ

ɑʍȶȜɋȡȸȞȡɏ<�ȫɀȣǬƭȹɹʋʅʓɪȗ

ɳɶʂɯʌɑʍȻɛʇʋɝɪʌɨʓɣʊʑȺ őȶȣɋ

ÑĭȷÒƦȗƬȅȹʂɱʌɭɝɥȻ�ȶȻĸ�îĭȺ

ȳȝȵȗɳɶʂɯʌɑʍȻŇŎP�şň¼�ȥȺȳ

ȝȵǀſȺǃòȩȵȝɋȘɂȯȗ÷ȇƼ$ȷɷɢʓɲ

Ȼd�ȷɛʇʋɝɪʌɨʓɣʊʑȺǻǞȩȵɆǀſȺƹ

ǓȩȵȝɋȘňȺȗin vivo/in vitroȻģŇ�şŨŰ
ȺǻȫɋɳɶňřşƑ�ȢǈǇȨɌȗģŇ�şƽȓ

ȻȯɅȻġȂşɻʎʓʄȢēǃȨɌȵȝɋȘ;ÿş

ġȂȻƃĊȺ¿ȪȵȗŏĠģÂȗŝŏģÂȗ0Śģ

ÂȗɑʎʍɜʓǂŝÂȗūƂģÂȗƙ6»ŏŇȿȻ

´ȊȗȠɈȾ69ĬİÂɏǅɀɋŨŰȢ¾ƭȷȹɋ

ȡɆȩɌȹȝȧȷɇȗɰʓɪɜʇɭɽɏƪ�ȫɋȯɅ

ȻʌʓɲɑɝʏɥĭȻǤőȻaƗÂȷȩȵȗɳɶŇǍ

Ȼ in vitroƽȓȺǻǞȫɋ�ƝşȹnȋȺGȟȵȗ
in vitroĳPƽȓȗɱɛɣɠɛɵɯɒɝɥȗǦ�ģÂȺ
ȳȝȵɆƴɌȵȝɋȘƄcPƽȓÏŘʕ ITSʖɇ
MOA ȻĽwşȹ őɆǈǇȩȵȝɋȘɚɓɫʑɥȶ
ȼȗʌɥɝȻň¼�ȥȷ�ũ�Â9ĉȿȻɑɽʏʓɬ

ɏàĎȩȗȧȻ9ǭȺȠȥɋȨɉȹɋŨŰȻȯɅȻN

iɆà"ȩȵȝɋȘ 
ȏlȠɈȾȐëǞǵȺȠȥɋɳɶɡɓɖʑɥȠɈ

ȾɳɶɯɝɶʏɤʓȻʌɥɝɑɧɥʅʑɱȺǻȫɋɚɓ

ɫʑɥʝŴ 1ǪȗɺɱȠɈȾKŇȻ+¬Ȼēƭ 
ŇŎP�şň¼�ȥȺȳȝȵȼȗEC Ȣß�ȫɋ

�ƐȺ¸ȲȵĄëȢɳɶʂɯʌɑʍȶȜɋȡȸȞȡɏ

ũǁȩȗň�ȫɋȯɅȺȗNanoDefine ɽʏɤɕɝɱ
ȺɈȲȵǹŝȨɌȯĨ�ɻʏʓɥɛʓʄȢȧȻɚɓɫ

ʑɥȺ!ŪȨɌȵȝɋʙEC Ȼ�Ɛȼōw�ǈ�ȶ
ȼȜɋȢȗɳɶɥɟʓʍȷƯȹȨɌɋʕ1�100nm ȷȹ
ɋʖŻ�ȻçȢ 50ʔ��ȷȹɋɆȻɏɳɶʂɯʌɑʍ
ȷȩȵȠɊȗȧȻ�ƐȻ őɏß�ȩȵȝɋȘ 
YAȷȩȵȼȗ÷ȇƼ$ȷʌɥɝƼ$ȷȷɆȺWȀ

þ�ÂȻd�/ň¼�ȥȺ{ȴȤP�ŇǍȻōwȻ
ʌɥɝɑɧɥʅʑɱȻɹʋɫɓʄȼȗɳɶʂɯʌɑʍȺɆ

ǤőaƗȶȜɋȘȩȡȩȗŻŉĄëȻɡɓɦɏɳɶɥ

ɟʓʍȺƊ�ȫɋȧȷȼȗ�¿ȫɋȈɳɶĄëȷĤǒ

ȩȵģŇ�ş´ȊȺ�PɏɆȯɉȫňÂȻǣȝɇŏ

�KÊşÜKɏȜɋŮ«�PȨȭɋaƗÂȢȜɋȻ

ȶȗăɚɓɫʑɥȻư�Ⱥ¸ȲȵɳɶʂɯʌɑʍȻ�

2ÂƼ$ɏ�ïȩȹȥɌȽȹɉȹȝȘ 
ɳɶʂɯʌɑʍȻʌɥɝƼ$ȻCàĆ�ȷȩȵȗŻ

�ƨȉʕɠʓɯɒʑɞɏgɄʖ�ȻŇǍȰȥȶȹȤȗɠ

ɑȺţ±ȫɋǪ9ȻɳɶʂɯʌɑʍȻĔÎƭžȷ�

ŽŇȻòũȹň¼�Ɇ¾ƭȷȫɋȘŇŎP�şɹʋ

ʅʓɪȺǻȫɋÆ|ȼȗɳɶĄëȻĽwşȹģÂȻ

ǬƭȹÛǰɏà"ȫɋȧȷɆȶȣȗǤ:ȹƽȓÏŘɏ



 

62 
 

Ĩ�ȫɋȻȺµŲȳȘɂȯȗɳɶĄëȻɛʇʋɝɪʌɨ

ʓɣʊʑȼȗřȹɋġȂȶ�ïȨɌɋȧȷȢß�ȨɌ

ȵȝɋȘɚɓɫʑɥȺȼȗɹʋʅʓɪȻĸ�Ⱥ őȶ

ȣɋōw>őaƗȹîĭȷɮʓʍȗȠɈȾƑÌȫɀ

ȣlǍŷŎȻ,ȉȻēƭɆƹǓȨɌȵȝɋȢȗŻ�

ɡɓɦ9£ȼȗƬçȻŊŲȩȯÒƦʕȮȻȞȱȻ 1 ȳ
ȼȆ�ȍ»ǶĭʖȺɈȲȵĨ�ȨɌɋɀȣȶȜɋȧȷ

ɏß�ȩȵȝɋȘ 
ļƳȺɈȲȵ®ȣǏȧȨɌɋȔȝ9ƳÂȺɈɊȗɳ

ɶĄëȢ�¿ȫɋȈɳɶĄë²ÊȺ�PȫɋȧȷȺ

ɆĮŢȫɀȣȶȜɋȘȧȻɚɓɫʑɥȺƹǓȨɌȵȝ

ɋɳɶňřşȹƼ$ȼȗȏlƫǝȠɈȾG¢ɽʏɧ

ɥȻŏŎ�şĆ��ȜɋȝȼȏlʂɱʌɭɝɥȠɈȾ 
Ɣƙżȶɓɘʑɂȯȼ9�ȺÁǜȺ9ƳȩȹȝŇǍ

Ȣ�Ðɂȯȼ2ǑʎɾʍȶŏŇ�ş��ȷţ��

őȫɋĚ�ɏƼ$ȫɋȘ 
ɧɝɣʊʑ2�ɏȷȠȩȵɚɓɫʑɥȼȗɳɶňřş

ɰʓɪȻȝȤȳȡȻĸ�ƭ�Ȣ0ǿȨɌɋaƗÂɏ

ŪȩȵȝɋȘ!ȟȽȗɳɶĄëȻ őôȺȼɳɶʂɯ

ʌɑʍȷȩȵ�Ðşɂȯȼ2Ǒşȹ÷ȇɏɆȯɉȨȹ

ȝɟʓɥɇʥȏŇÞƴĄëȡɉɳɶʂɯʌɑʍȻȏl

ȿȻŭKȢȹȝȧȷȢŪȨɌɋɟʓɥȢȜɋȘɂȯȗ

ɳɶʂɯʌɑʍȼdȪŇǍȶȗĄëɡɓɦȗƃõ²ȗ

²ŉȗƨȉňÂȹȸȢřȹɋȝȤȳȡȻ²ȶǹŝȶ

ȣɋȯɅȗɟʓɥɸɓɟʓɥȺɈɋ)=Ƽ$ɏǧȥɋ

ȯɅȻɞʍʓɽP/ʌʓɲɑɝʏɥÑĭȺɈɋƼ$Ȼa
ƗÂȺȳȝȵǃòȩȵȝɋȘ 
ȏl/Ȑëɏ�ȩȯɳɶŇǍȻ÷ȇƼ$ȻYAȼȗ

ȈɳɶŇǍȻ}cȷăǍşȺdĕȻ÷ȇɣɳʌɘȻ

aƗÂɏƑÌȫɋ¾ƭȢȜɋȘǺÞşȹ÷ȇʕ!ȟ

ȽȗȏŇÞƴĄëȡɉȻŭKɇȗȒɏâ^ȩȯKŇ

ɏƂœȩȯȏlȹȸȿȻɛʇʌʓɘʓɸʓȹȸʖȻa

ƗÂȢȜɋ}cȼȗɳɶʂɯʌɑʍɂȯȼȮȻ9Ƴŏ

ÎŇȢȏl/Ȑëʂɱʌɭɝɥ�ȺŻ�ȷȩȵ�wȩȯ
ɂɂȶȜɋȡȸȞȡɏĨ�ȫɀȣȶȜɋȘ÷ȇɰʓɪ

Ȣ¹ɉɌȹȝ}cȗɂȯȼƬcʂɱʌɭɝɥ�Ȼɳɶ

Ż�ȻňÂȠɈȾǮɏĨ�ȫɋȧȷȢȶȣȹȝ}c

ȼȗüÅȻɣɳʌɘȷȩȵȗȏl/ȐëƫlȺĵGȨ
ɌȯȫɀȵȻɳɶŇǍȢ�wȩȗâ^ȨɌȗɳɶʂɯ

ʌɑʍȷȩȵh]ȨɌɋȷ��ȫɋȘ 
Ŵ 6 ųȶȼȗģŇ�şþ�ÂȻd�ȷģÂƼ$

ȻȯɅȻɳɶʂɯʌɑʍȻƽȓȻȯɅȻġȂşɑɽ

ʏʓɬɏēǃȩȗǤőaƗȹ in vitroȠɈȾ in vivo
ƽȓȢǃòȨɌȵȝɋȘàĎȨɌȯɑɽʏʓɬȶȼȗ

ü;ȻɥɯɭɽȶȗɳɶʂɯʌɑʍȻƔƙŷȶȻ9Ƴ

ÂɏƼ$ȫɋȯɅȻȗƔƙŷɏ�ƨȫɋĆ��ȶȻ

in vitro ƽȓɏƥȞȘɳɶʂɯʌɑʍȢÁǜȺ9Ƴȩ
ȹȝ}cȺȼȗȮȻ�ǮPȠɈȾňÂPȨɌɋɀȣ

ȶȜɋȘƔƙŷ6ȻĆ��ȶȔȝ9Ƴǜ«ȢŪȨɌ

ɋ}cȼȗǻǞȫɋȈɳɶĄëȺǻȫɋ EFSA ɚɓ
ɫʑɥȺ¸ȲȵƼ$ȨɌɋɀȣȶȜɋȘ 
ÁǜȺ9ƳȩȹȝɳɶʂɯʌɑʍȻɃȢȗɥɯɭɽ

1ʕ�ǞȻ in vitroƽȓɇÆ|]ȄʖȻ�ȶƽȓȫɋ
ȧȷȢƑÌȨɌɋȘňȺȗɳɶʂɯʌɑʍɂȯȼȮȻÎ

9ȻŝŜÂȗűŃ�řǂŝÂȗŏĠģÂʕCMRʖȺ
ǻȫɋÆ|ȼȗɥɯɭɽ 1ȶĐƷȨɌɋȘėäʌɩɩʓ
ʄĆ��ȶȻ9ƳƽȓɆ�ïȨɌʥɳɶŇǍȻň�

ȻňÂɏƑÌȩȯǦ�ģÂɏgɐȰ in vitroģÂƽ
ȓɸɭɯʌʓɏ�ïȫɋȘ 
ɥɯɭɽ 1 ȻÆ|ȶɳɶŇǍȢŏ�6ȶğŗÂȢ

ŁȤȈǦ�ģÂȶȜɋ}cȺȼȗɥɯɭɽ 2 �ǽȻ
Ƽ$ɏǧȥɋȧȷȢȶȣɋȡɆȩɌȹȝȢȗōŉȶȼ

¸ćȻʕɳɶ��ȻʖŇǍȺ�ȫɋ�2ÂƼ$Ȣ#

Ńȷȩȵ¾ƭȶȜɋȘɥɯɭɽ 2 ȺȼȗƂ`h]ȠɈ
ȾƁƋ9£ȻƼ$ɏƥȞȯɅȻɡɯʋɓɱƏɏƥȞ

TG 407 ƽȓȻÙ°ɹʋʅʓɪɏgɄɈȞȺ(ĜȨ
Ɍȯ 90ðǺ\ºÓ�ƽȓʕOECD TG408ʖȢƥɎ
ɌɋȘȧɌɉȻƽȓȡɉ¹ɉɌȯȁÂȻƃĊȼȗɥɯ

ɭɽ3ȻɈɊǀſȹǅċɏ¾ƭȷȫɋȡɆȩɌȹȝȘɥ
ɯɭɽ 3ȶȼȗǷÿ÷ȇ�ȻɳɶʂɯʌɑʍȻơůÂ
ɏǅċȩȗ�ȓKŇȷɺɱȷȻƕ6KÊȻǣȝɏǅɀ

ɋȘȧɌɉȻŨŰȺɈɊȗ�ũ�Âɏķ�ȨȭɋȧȷȺ

ɈȲȵʌɥɝɑɧɥʅʑɱɏåoȫɋȧȷȢȶȣɋȘɥɯ

ɭɽ 3 ȶȼɂȯȗūƂģÂȗ0ŚģÂɂȯȼ69Ĭ
żȿȻ´ȊȻ�ǸşȡȳǀſȹƽȓɏgɄȘȏŇ

ȡɉȻĽwşȹǷÿ÷ȇɏƑÌȫɋȷȗƙ6»ŏŇ

Ⱥ�ȫɋɳɶŇǍȻĽwş´ȊȼȗňȺɳɶŇǍȢ

ÔƠJĊɏþȫɋ}cȺƑÌȨɌɋɀȣȶȜɋȘ 
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�ƝȺȗɳɶʂɯʌɑʍȻʌɥɝɛʇʋɝɪʌɨʓɣʊ

ʑȼȗ¸ćȻP�ŇǍȷdȪƭžȗȫȹɎȱȗŇŎ

P�şÂǍȗ÷ȇȠɈȾģŇ�ş´ȊȺǻȫɋɰ

ʓɪȠɈȾÆ|ɏƑÌȩȵƥɎɌɋȘĐƻȨɌȯî

ĭɏőȝȵǤ:Ⱥ�ïȨɌȯŨŰȡɉ¹ɉɌȯɰʓ

ɪȶɳɶňřşȹnȋɏƑÌȫɋȷȗ¸ćȻĄëȺ

 őȨɌȵȝɋɆȻɈɊɆ�ȣȹ�ũ�%çɏ őȫ

ɋ¾ƭȼȹȝȘȩȡȩȗɰʓɪȢ�S9ȶȜɋȡʥ�

şũȹɯɥɱȶȜȲȯ}cȗɳɶʂɯʌɑʍȻ�2Â

Ƽ$ȻȯɅȺǗGȻ�ũ�%çɏǤőȫɋȧȷȢĐ

ƷȨɌȞɋȘ 
ɚɓɫʑɥȼɂȯȗ�ûƽȓĭɑɽʏʓɬȗMOA

ȠɈȾ AOP ȺǻǞȩȵōwǹŝ�Ȼ9ǭȺȳȝȵ
ɆÛãȩȵȝɋȘ 

 
ȕ 2ʗŴ 5 rȏlÎ9ȠɈȾȏlOƩʕFIPʖʉɴɭɱ

ȻŬ�şɵɭɱʐʓɝȏlÞƴĄëʕFCMʖȻʉɴɭ

ɱȗȚEFSA FCMɵɭɱʐʓɝț 

ȕ ă�ǈȻǈȋȷȩȵȗȏlÞƴĄëȻV@ɓʑɛ

Ⱥ őȨɌɋŇǍȻ�2ÂƼ$Ȣ^ɊȜȦɉɌȗɓ

ʑɛ�Ȼɳɶʂɯʌɑʍĸ�ɇƼ$Ⱥȳȝȵǻ½Ȣ

ÚȯɌȯȘ 

ȕ V@ɓʑɛȼǛ¤ȗļ�ȗȔ9�ɸɓʑɫʓȗĵG

DȗȠɈȾťƟÎ9Ȼ 4ȳȻ�ƭÎ9ȡɉȹɊȗɁȷ

ɐȸȢťƟÎ9ȷȩȵȌëɏgɄȘV@ȨɌȯɓʑɝ

ƚȻȔȝ/ĪȠɈȾȔȝǙòÂɏǢÎȫɋȯɅȺ

ȼȗȌëźĂ�Ȼ7ȄŇȠɈȾ7ȄŇɏ9Eȩȵſ

ȡȤ9æȨȭɋȷ4Ⱥȗ9æȨȭȯȌëŻ�ɏ��Ȩ

ȭȹȥɌȽȹɉȹȝȘ�ŅȩȯV@ɓʑɛɻɒʍʄȼȗ

Ǜ¤ 1�1.5µm ȻXȨȶȜɊȗȩȯȢȲȵȗzɅǕɂ

ɌȯŻ�Ȼ2ȵȼȗǛ¤ȗ1µm ɈɊȡȹɊ�ȨȝȘ�

ȃȺȼȗȧɌɉȻĄëȢ�ƹȻŢşȻȯɅȺň=Ⱥ

ƫǝȨɌȵȝȹȝȷȩȵɆȗȫɀȵȻV@ɓʑɝȼɳ

ɶɘɼɤɕɝɱɏgɄȘĴ�V@ɓʑɛɡʑɽʍȻ9

ĉȺȼȗ�Ʋ X ƈæ�ʕSAXSʖȠɈȾKş/æ�

ʕDLSʖȼǤȩȵȠɉȬȗʎʓɢʓrÕ9ĉ[Ⱦ/�

ţǻ9/ĭʕPCSʖȢ őȨɌȵȝɋȘʎʓɢʓrÕ

9ĉȺɈɋ9æþĚȌë�ȻŻ�9£Ȼĸ�ȼȗ

V@ɓʑɛ�ȻȌëȢ<100nm ȻŸtȺţ±ȹɹʓ

ɧʑɯʓɤɏgɄȧȷɏƻòȩȵȝɋȘɂȯȗǎċȆ

�ȍ»ǶʕSEMʖȶɆ<100nmȻŸtȻŻ�ɏũǁȶ

ȣɋȘʎʓɢʓrÕ9ĉȻƃĊȼȗ¦yŻ�ɡɓɦ

ȷȩȵ Cu-ɻɪʏɣɑɴʑȺȳȝȵ 80�90nm ȶȜɊȗ

�ǫPɬɪʑȺȳȝȵ 200�300nm ȶȜȲȯȘ�Ĉ

ŉȻɑʍʃɴɔʄȌëȼȗ30�40nm Ȼ¦yXȨɏþ

ȫɋȯɅȗɳɶĄëȷȩȵɆòũȺƑÌȫɋ¾ƭȢȜ

ɋȘ 

ȕ EuPIAʕEuropean Printing Ink Associationʖȼȗȏl

ÞƴĄëőȻV@ɓʑɛȺ őȨɌɋŇǍȻ�2Â

Ƽ$ȢȸȻɈȞȺƥɎɌɋȡɏƀ�ȩȯȘń�Ȼ�ȶȗ

ȮȻîǰȗ�ƭȹɠʑɧɽɱȻêú�ÎȠɈȾɽʏ

ɧɥȢŪȨɌȯȘü;ȻƼ$ɥɯɭɽȶȼYĄëȻ

ǥÖȻȯɅȻ�Ɲşȹ{ĻɏŪȩȯȘƅȝȵȗ��

Ȼ 3ȳȻYAɏgɄʌɥɝƼ$ɽʏɧɥȢƥɎɌɋȘ 

ʒ� �2ȺƼ$ȨɌȯŇǍʕ!ȟȽ Union ʌɥɱʖ 

ʒ� 3ǹģÂɰʓɪȺ{ȴȤƛ�şTDIɂȯȼSML 

ʒ� TTCēÀȺ{ȴȤƛ�ş TDI ɂȯȼ SML 

÷ȇƼ$ȺȠȝȵȼ EU ɛʈʓɼʆɰʍȢɰɻɗʍ

ɱȷȩȵ őȨɌȗ¾ƭȺ¿ȪȵȗEFSA ȏlĳǌɰ

ʓɪɇ FACETȹȸȻ�ȻʆɰʍɆ őȶȣɋȘʕȧɌ

ɉȻ÷ȇƼ$ɏƥȞȯɅȻɚɓɫʑɥȢ 8ýȺ3ƨȨ

ɌȵȝɋȘʖȈÈuşĵGŇɇ3şȺʌɥɱPȨɌȵ

ȝȹȝŇǍȺȳȝȵȼȗREACH ŞǴÆ|ȡɉþ�

ÂÆ|ŵɏ1ÑȩȵȝɋȢȗEFSA ȡɉȗȧɌɉȻÆ

|ȼ±�ȢƼ$ȩȵȝȹȝÆ|ȢgɂɌɋȻȶĮÈ

ȫɀȣȶȜɋȷȝȞàƵɏ_ȥȯȘ�îȗEuPIA ȶȼ

ɂȰƼ$ȺŏŇ�şƽȓɏ�1ȩȵȝȹȝȢȗ�ć

şȺȼ^ɊǕɄɀȣȶȜɋȧȷȢŪȨɌȯȘɓʑɝȻ

ŭƥǮȢ 10ppb ɏǐȟɋȷÇȨɌɋ}cȺȼȗŇ

ǍȻƼ$ŔǆúɏɲɓɮȷȠɈȾɥɓɥ±�ȺŔǆ

ȫɋȧȷɏđŖȺß�ȩȵȝɋȘɳɶɻɗʓʄȌëȺ

ǻȫɋİKȺȳȝȵȼȗEuPIA ȼɲɓɮȻɿɓʑɱȷ

ɓʑɝT�ȚGerman Paint and Ink Association țȢȗ

ɳɶɥɟʓʍȻȌëŻ�ȻȏlɹɭɟʓɤȻV@�

ȡɉȏlȿȻŭƥÜKȻ9ĉțɲɓɮǞǩČȑǔđ

ŤʕBMELʖȷBfRȷȻǺȶƷǇȢƥɎɌȵȝɋȧȷɏ

ƀ�ȩȯȘ 
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ʡʙƑ� 
ȕ ȚȏlȠɈȾȐëǞǵȺȠȥɋɳɶɡɓɖʑɥȠ

ɈȾɳɶɯɝɶʏɤʓȻʌɥɝɑɧɥʅʑɱȺǻȫɋɚɓ

ɫʑɥțȢ 2011 §ȻɚɓɫʑɥȻ3ƨ�ǽȺ¹ɉɌ
ȯíȩȝŧƯɏɆȷȺȗɈɊǀſȶ5�şȹ9ĉĭɇ

9ƳÂȹȸƼ$ĭȗŏŇ�şƽȓʕ in vivo/in 
vitroʖĭɏőȝȯ�żşȹƼ$ÛǰȢŪȨɌȯɆȻ
ȺȹȲȵȝɋȢȗɂȬȗ#ŃɳɶʂɯʌɑʍȻ�ƐȺ

ȳȝȵȗEC Ȼ�ƐȷȻècÂȷɟʓɥɸɓɟʓɥȶ
Ĩ�ȨɌɋŬ�şȹ<ìȺȳȝȵȸȱɉȺ¸Ȟɀȣ

ȹȻȡȺȳȝȵøóȺȹȲȵȝɋȘɂȯȗEC Ȼɳɶ
ʂɯʌɑʍȻ�ƐȺòũȺgɂɌȵȝȹȝŇǍɏƼ

$ȫɋȃȯɅȻÛǰȺȝȤȳȡȻŉīȢēǃȨɌȵ

ȝɋȢȗ�ƝǇȷȩȵȼ�ƝȏlĭȷȧȻɚɓɫʑɥ

ȻYAȢǤőȨɌȧȷȺȹɋȘ!ȟȽȗɳɶɥɟʓʍ

ȺǻǞȫɋň�ȻňÂȺǏsȫɋĽwşȹʌɥɝȼȗ

ȮɌɉȻňÂȠɈȾǻǞȫɋWȀÂȺłŀɏ±ȵȵ

Ƽ$ȨɌȹȥɌȽȹɉȹȝȢȗ100nm āĺȻɡɓɦ

ȻĄëɏĔÎȫɋŻ�ȻEcȷȼŁǻ%ȶȜɋaƗ

ÂȢȜɋȘɂȯȗȧȻɈȞȹɡɓɦȻĔÎEcȺǻȩȵ

Ǽ*ɏũŲȫɋŬ�şčØȼȹȤȗ9ĉÒƦȺȠȥ

ɋ�ũ�ÂɇĐ8ȻǾŖȻnȋȢȜɋȘȨɉȺȗɳɶ

ɥɟʓʍȻňÂɏ'Úȫɋ 100nm ǐȻŻ�Ⱥǻȩ
ȵȼȗȧȻÈjȺȠȥɋɳɶʂɯʌɑʍȻü�ɡɓɦ

ɏũŲȫɋȧȷȼȶȣȹȝȷƑȟɉɌɋȘȧɌɉȻȧȷ

ȡɉȗUŽȺɡɓɦȻnȋȶƼ$ÛǰȻ:Ɋ9ȥɏ

ƥȞȧȷȺȼËǬȺȜɋɀȣȶȜɍȞȘɂȯȗɚɓɫʑ

ɥȺȼȗƆƍşȹƼ$ÑĭȢƹȨɌȵȝɋȢȗŔǆ

ƒȢŔǆȺ¾ƭȻȜɋü�ǾȻÆ|Ȣȗɚɓɫʑɥ

ȺƹǓȨɌȵȝɋªŸȹʌɥɱȡɉòũPȩȺȤȝɈȞ

ȶȜɋȘŔǆƒȢ2ȵȻňÂɏƼ$ȫɋȻȼȈō�

şȶȜɊȗƆƍşȹɹʋʅʓɪȢ2ȵȻɳɶʂɯʌɑ

ʍȺ¾ƭȷȝȞɎȥȶȼŁȝȢȗ�±ÂȻǃòȼŔ

ǆƒȺ�ȨɌȵȝɋȘ 
Ƽ$ɥɛʓʄȻ�ȶȮȻ·Ƽ$Ȼɥɯɭɽɏ9ȥ

ɋȧȷȷȹɋǬƭȹɥɯɭɽȷȩȵȼƔƙŷ6ȶȻ9

ƳÂɏƼ$ȫɋ in vitro 9ƳÂƽȓȢȜɋȢȗɚɓ
ɫʑɥȶȼȗȮȻÁǜȺ9ƳȨɌɋȡȸȞȡɏ<�ȫ

ɋȯɅȻǼ*ȢàĎȨɌȵȝɋȘȩȡȩȗ�ƝȻP�

ŇǍȷȼřȹɊȗɳɶʂɯʌɑʍȺȳȝȵȻĖĻPȨ

ɌȯÑĭȼāȰũŲȨɌȵȝȹȝŉīȶȜɊȗ�ć

şȺȼ(ĜʒåƞȨɌɋaƗÂȢȜɋȷƑȟɉɌɋȘ

ɂȯȗɚɓɫʑɥȺȼɳɶʂɯʌɑʍȻƼ$ȺȠȝȵ

�±ÂȻȜɋĕșȹ in vitroƽȓȺȳȝȵ!ŪȨɌ
ȵȝɋȢȗȨɉȹɋƽȓȢ¾ƭȡȸȞȡȺȳȝȵȻÛ

ǰȼŪȨɌȵȝȹȝȷȝǄȋɆȜɋȘ 
�îȗɚɓɫʑɥȶ�ràĎȨɌȯ 90ðȻ\ºÓ

�ģÂƽȓȼȗɡɯʋɓɱƽȓȻǗGȺɈɊȧɌɂȶ

ɈɊ�ȤȻKŇɏ őȫɋȧȷȢȗ�ȓKŇBķȻî

fÂȷǘƥȩȵȝɋȧȷȢÛãȨɌȵȝɋȘɈɊǷÿ

ȻƽȓɏƥȞȧȷɏrǧȫɋȯɅȻîŶȶȼȜɋȢȗ

�ćşȺȼɈɊJŌşȹƼ$ĭȺƌȣáȟȵȝȤȧȷ

ȢĐƷȨɌɋȷƑȟɉɌɋȘ 
ȏlÞƴĄëʕFCMʖɵɭɱʐʓɝ�ǈȶȼȗ¸ć

ȮȻÍÀȢÛãȨɌȵȣȯȗV@őɓʑɝȌëȺg

ɂɌɋɳɶɡɓɦȻȌëȺȳȝȵɆǈǇȢ[ɐȶȣ

ȯȧȷɏŪȩȵȝɋȘȩȡȩȗȏlÞƴĄëȻƼ$ȶ

ȼȗ�ƝP�ŇǍȷȩȵȻȌëȻƼ$ÑĭȻũŲƛ

�ɆȧɌȡɉȻǄȋȶȜɊȗāȰɳɶʂɯʌɑʍȷȩȵ

ȻƼ$ɏǈǇȫɋȺȼȗŬ�şŧƯɆgɅȵȨɉȹ

ɋŧƯȻ]ȄȢ¾ƭȶȜɋȷƑȟɉɌȯȘ 
 
ʢʙƃǇ 
ȕ ăŨŰȶȼȗɳɶʂɯʌɑʍȻȏlǻǞ9ǭɏ�

½ȷȩȯ÷ȇŉīɇʌɥɝƼ$ȺǻȫɋvȃKfɏ

ǅċȫɋȧȷŢşȷȩȵȝɋȘ29§«ȼȗě¡ȏl�
2ĚǻʕEFSAʖȢ�-ȩȵȝɋȏl[ȾȐë9ǭ
ȺȠȥɋɳɶɯɝɶʏɤʓȻʌɥɝƼ$ȺǻȫɋŬ�

ɵɭɱʐʓɝȠɈȾȗȏlÞƴĄëȻŬ�ɵɭɱʐʓ

ɝȺǻȫɋǅċɏƥȲȯȘEFSAȶȼȗ2011§Ȼɚ
ɓɫʑɥȻåƶņȷȩȵȚȏlȠɈȾȐëǞǵȺȠȥ

ɋɳɶɡɓɖʑɥȠɈȾɳɶɯɝɶʏɤʓȻʌɥɝɑɧ

ɥʅʑɱȺǻȫɋɚɓɫʑɥțȻ�ÎɏƥȲȵȠɊȗɳ

ɶʂɯʌɑʍȻŬ�ɵɭɱʐʓɝȶȼɚɓɫʑɥȻɹɼ

ɠʅȺfȥȯǈǇȢƥɎɌȯȘɚɓɫʑɥȺȼȗɈɊ

ǀſȹ9ĉĭɇ in vitro9ƳÂȹȸɏőȝȯƼ$
{ĻȗɳɶʂɯʌɑʍȺǤőaƗȹŏŇ�şƽȓʕin 
vivo/in vitroʖĭȺǻȩȵƆƍşȹÆ|ɏ]ǓȩȯɆ
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ȻȺȹȲȵȝɋȧȷȢŪȨɌȯȘɂȯȗȏlÞƴĄë

ȻŬ�ɵɭɱʐʓɝȶȼȗ�qŵȻV@őɓʑɝȺg

ɂɌɋɳɶɡɓɦȻȌëȺǻȩȵȻ9ĉĭɇ�·Ȼ

Ƽ$ȻîfÂȺȳȝȵǻ½ȢȔɂȲȵȝɋȧȷȢŪ

ȨɌȯȘ 
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