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This article discusses nanoparticles and nanomaterials environmental impact. The possibility of 

such penetration depends on the particle size and chemical nature of substance. At present, there are 
natural sources of nanoparticles inflow and a lot of accidental anthropogenic sources of environmental 
pollution. Late evaluation of the significance and dangers of nanotechnology can reduce the positive 
effect of their adoption. 
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!; 9"(&@ ( =&'")3 *.'#)7) '+,("%"- #+#)%&A#)5)7"1, /)%)';& ='",(+-

#; $%+%6 )$#)(#;@ =')';()@ ( )*5+$%" (;$)/"A %&A#)5)7"1. D+#)%&A#)5)-

7"- @)9&% ='&)*'+,)(+%6 #& %)56/) =')",()3$%(), #) " :&5)(&:&$/.8 9",#6. 

I %) 9& ('&@- #&)*A)3"@) =)#-%6, :%) #+#)$%'./%.'#;& @+%&'"+5; @)7.% 

(;,;(+%6 ,+7'-,#&#"& )/'.9+8R&1 $'&3;.  

M$#)()1 #+#)=')",()3$%(+ -(5-&%$- +%)@. ?)5.:&##;& #+#)%&A#)5)7":-

#;& =')3./%; )*5+3+8% >+#%+$%":&$/"@" $()1$%(+@". M#" $(&'A='):#;, 

$(&'A+/%"(#; " $(&'A@+5;. M=+$#)$%6 #+#)@+%&'"+5)( ( =&'(.8 ):&'&36 ,+-

/58:+&%$- ( "A @"/')$/)=":&$/"A '+,@&'+A. 

B.R&$%(.8% /+/ &$%&$%(&##;& "$%):#"/" =)$%.=5&#"- #+#):+$%"4, %+/ 

" @#)9&$%() "$%):#"/)( #+@&'&##)7) " #&#+@&'&##)7) +#%')=)7&##)7) ,+-
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7'-,#&#"- )/'.9+8R&1 $'&3;. BA&@+ @"7'+4"" #+#):+$%"4 ( )/'.9+8R&1 

$'&3& ='&3$%+(5&#+ #+ '"$. 1 [1]. 

 

 

0"$. 1. ?.%" @"7'+4"" #+#):+$%"4  

0+$$@)%'"@ ='"')3#;& " +#%')=)7&##;& "$%):#"/" =)$%.=5&#"- #+#)-

:+$%"4 ( )/'.9+8R.8 $'&3. (%+*5. 1). 

J+*5"4+ 1 

@52(4)'%' <(52=<+")'* )$)(4$52'& . (%1=B$GA=G 51"#= 

C#%')=)7&##;& ?'"')3#;& 

#&#+@&'&##;& #+@&'&##;& 

H5+$%&'",+4"- ( 7+,+A " )*'+,)-

(+#"& +K'),)5&1  

B9"7+#"& %)=5"(+ ( 3("7+-

%&5-A, #+ K#&'7)$%+#4"-A  

" %.3.  

B/)#$%'."')(+##;& 

#+#))*X&/%;  

`&$#;& =)9+';  B9"7+#"& @.$)'+  2.55&'&#;  

I.5/+#":&$/"& (;*')$;  B(+'/+, =+1/+  D+#)%'.*/"  

?;56, =)3#-%+- $ =)(&'A#)$%", 

(,@.:"(+#"& ()3  

G)*;:+ =)5&,#;A "$/)=+&-

@;A (/+'6&';, <+A%;)  

D&)'7+#":&$/"&  

#+#)/'"$%+55;,  

/(+#%)(;& %):/"  

I"'.$;  N;%)(;& )%A)3;  `&/+'$%(+ «%):#)7)» 

3&1$%("-  

?')3./%; 9",#&3&-%&56#)$%" 

(=5&#/", /)55)"3; " %.3.)  

?')@;<5&##)& =')",()3-

$%(), $%')"%&56$%()  

D+#)=5&#/", @"4&5-

5;, /)55)"3;  

N"))*X&/%; (=;564+ '+$%&#"1, 

$=)';, *+/%&'"" " %.3.)  

?'"7)%)(5&#"& ="R" " 3'.-

7"& *;%)(;& #.93;  

?'"@&#&#"& #+#)@+-

%&'"+5)( ( *;%.  
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B5.:+1#) =)5.:&##;& #+#):+$%"4; – K%) #&>"56%')(+##;& (;A5)=#;& 

7+,;, /)%)';& $)3&'9+% =)%&#4"+56#) *)56<)& /)5":&$%() ('&3#;A (&R&$%(, 

=)5.:&##;A ( '&,.56%+%& #&=)5#)7) $7)'+#"- 7)'8:&7). ?'" $7)'+#"" 3')( 

( 3)@+<#&@ /+@"#& )*'+,.8%$- >.55&'&#; "5" #+#)%'.*/". G)$%+%):#) )3#)7) 

5&$#)7) =)9+'+, :%)*; )*'+,)(+5)$6 )7')@#)& /)5":&$%() >.55&'&#)(, #+#)%'.-

*)/, 7'+>&#)( [2]. OR& )3"# "$%):#"/ )*'+,)(+#"- #+#):+$%"4 – =;5&(;& *.-

'" B+A+';, /)%)';& '+,#)$-% $%)56/) =&$/+ #+3 )/&+#)@, :%) )# ("3&# ", 

/)$@)$+. ?;56 B+A+'; $)$%)"% ", #+#)@+<%+*#;A $@&<+##;A )/$"3)( /'&@-

#"-, +58@"#"-, %"%+#+, 9&5&,+, /+5"- " /+564"-, + %+/9& 9&5&,"$%;& $)&3"-

#&#"-, /)%)';& .3)*'-8% @)'$/"& '&7")#;, ( /)%)';A )#+ )$&3+&%. I '&,.56-

%+%& K%)7) *;$%') '+$%.R"& ()3)')$5" =')",()3-% 3&@&%"5$.56>"3, @)5&/.-

5; /)%)')7) )*'+,.8% ( (),3.A& @&5/"& /'"$%+55;. 

B+@;@" /'.=#;@" =)$%+(R"/+@" #+#):+$%"4 #+ *)56<"& (;$)%; ( +%-

@)$>&'& $5.9+% (.5/+#; ((.5/+#":&$/+- =;56). 

H)#4&#%'+4"- #+#):+$%"4 ( +%@)$>&'& '+,5":#+, " 3+9& ( )3#)@ /)#-

/'&%#)@ @&$%& )#+ $"56#) ",@&#-&%$- () ('&@&#". 2)'@"')(+#"& #+#):+$%"4 

$)(=+3+&% $ (;$)/)1 $)5#&:#)1 +/%"(#)$%68. D+#):+$%"4; $.56>"3#;A @"-

#&'+5)( – K5&@&#%+'#)1 $&';, *+'"%+, +#7"3'"%+ – =&'&#)$-%$- #+ )7')@#;& 

'+$$%)-#"-, #& '+$%()'--$6 ( @)'$/)1 ()3&. ?)'+9+&% $)A'+##)$%6 @&%+55)( 

(+58@"#"-, A')@+, 4"#/+, %"%+#+ " 3'.) ( $+@)')3#)@ ("3& ( @)'$/)1 ()3&. 

e+$%"4; 9&5&,+, #+A)3-R"&$- ( @)'$/)1 ()3&, %+/9& $)*"'+8%$- ( #+-

#):+$%"4; ( ("3& @+7#"%)%+/%":&$/"A *+/%&'"1. M#" )*'+,.8% 4&=" ", #+-

#)@+$<%+*#;A /'"$%+55)( @+7#&%"%+. !+7#"%#;& 4&=" 3&1$%(.8% /+/ /)@-

=+$#;& $%'&5/", #+='+(5-8R"& *+/%&'"" =) #+/5)##)@. 7&)@+7#"%#)@. =)-

58 ( '+,5":#;& $5)" ()3;. ?'" =)=+3+#"" ( K%" $5)" *+/%&'"" $)A'+#-8% 

$()" )$#)(#;& $()1$%(+. N+/%&'"" )=.$/+8%$- #+ @)'$/)& 3#) ( %+/)@ /)5"-

:&$%(&, :%) )#" @)7.% $:"%+%6$- )%(&%$%(&##;@" ,+ >)'@"')(+#"& @&$%)')9-

3&#"1 9&5&,#)1 '.3;. H+/ %)56/) *+/%&'"" )=.$/+8%$- #+ 3#), )#" '+$=)5+-

7+8%$- =+'+55&56#) / "@&8R&@.$- 7&)@+7#"%#)@. =)58 " %&@ $+@;@ #+($&73+ 

>"/$"'.8% &7) #+='+(5&#"&. J+/, #+#):+$%"4; $%+5" $("3&%&5-@" %+/ #+,;(+&-

@)7) $='&3"#7+ @)'$/)7) 3#+ (Seafloor spreading) – =)3("9/" ,&@#)1 /)'; #+ 

3#& )/&+#)(. M%@&%"@, :%) ='" /.=+#"" 583" @)7.% #+75)%+%6$- "A 3+9& ( ='&-

$#)1 ()3&, %+/ /+/ @+7#"%)%+/%":&$/"& *+/%&'"" "@&8%$- =)($83.. 

H+3@"8, 4"#/. " @&3" .3&5-&%$- )$)*)& (#"@+#"& ='" ",.:&#"" =')-

*5&@; ,+7'-,#&#"1, %+/ /+/ )#" <"')/) '+$=')$%'+#&#; ( @"'& " )*5+3+8% 

%)/$":#;@" $()1$%(+@". H+3@"1 " 4"#/ (%+/ 9& /+/ $("#&4 " '%.%6) )*#+'.-

9&#; ( )$#)(#)@ ( $.56>"3#;A )$+3/+A. I '&,.56%+%& +%@)$>&'#;A =')4&$-

$)( K%" K5&@&#%; 5&7/) =)=+3+8% ( )/&+#;. 

I),3&1$%("& =')@;<5&##;A #+#)@+%&'"+5)( #+ )/'.9+8R.8 $'&3. 

=')"$A)3"% ( '&,.56%+%&: 
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– (;=.$/+ $%):#;A ()3 =)$5& )*'+*)%/" (/)$@&%"/+, =')",()3$%() @+%&-

'"+5)(); 

– "$=)56,)(+#"- #+#)@+%&'"+5)( ='" )*'+*)%/& $%):#;A ()3; 

– ),3)')(5&#"- =):(; 

– $&56$/)7) A),-1$%(+; 

– $%+'&#"- =)5"@&')(; 

– K@"$$"" #+#):+$%"4 ( =')4&$$& =')",()3$%(+. 

?)=+3+8R"& ( )/'.9+8R.8 $'&3. "$/.$$%(&##;& @+%&'"+5;, #& =')",-

()3"@;& $+@)1 ='"')3)1, ):&#6 %'.3#) *")5)7":&$/" '+,5+7+8%$- "5" .$-

(+"(+8%$-. D+#):+$%"4; " #+#)@+%&'"+5; ='&3$%+(5-8% $)*)1 )$)*;1 *&$-

='&4&3&#%#;1 /5+$$ =')@;<5&##;A ,+7'-,#&#"1. FA ('&3 @)9&% *;%6 $(-,+# 

$ #&)*;:#;@" $()1$%(+@" (&R&$%(, ", /)%)';A "A =')",()3-%, (/58:+- "A 

@)*"56#)$%6 " .$%)1:"()$%6 ( =):(&, ()3&, (),3.A&, *")#+/)=5&#"&, #&='&3-

$/+,.&@)& (,+"@)3&1$%("& $ A"@":&$/"@" " *")5)7":&$/"@" @+%&'"+5+@". 

B%+#3+'%#;& )*'+,4; #+#)@+%&'"+5)( /5+$$">"4"'.8%$- ( $))%(&%$%-

("" $ "A A"@":&$/"@ $)$%+()@. Q+ )$#)(. ='"#-%+ /5+$$">"/+4"-, "$=)56-

,.&@+- ( @&93.#+')3#)@ '&&$%'& #+#):+$%"4 " #+#)@+%&'"+5)(: 

– @&%+55":&$/"& #+#):+$%"4; (Au, Ag, Pt, Pd, Ru, Ni, Cu " 3'.); 

– #+#):+$%"4; )/$"3)( @&%+55)( " #&@&%+55)( (SiO, Al O, TiO, SnO, 

ZnO, MoO, VO, PbO, Fe O, NiO " 3'.); 

– =)5.=')()3#"/)(;& #+#):+$%"4; (CdS, CdSe, PbS, PbTe, GaN, GaAs, 

InN " 3'.); 

– .75&')3#;& #+#):+$%"4; (>.55&'&#; C, .75&')3#;& #+#)%'.*/" " #&-

/)%)';& 3'.7"&); 

– #+#):+$%"4; )'7+#":&$/" @)3">"4"')(+##;A $5)"$%;A $"5"/+%)( 

" +58@)$"5"/+%)( (#+#)75"#; '+,5":#)7) $)$%+(+); 

– #+#):+$%"4; ", )'7+#":&$/"A '+,(&%(5&##;A =)5"@&')( (3&#3'"@&'; 

'+,5":#)7) $)$%+(+); 

– /(+#%)(;& %):/". 

M3#"@ ", $"56#&1<"A =) 3&1$%("8 " #+"*)5&& '+$=')$%'+#&##;@ A"-

@":&$/"@ ,+7'-,#&#"&@ -(5-&%$- ,+7'-,#&#"& %-9&5;@" @&%+55+@". H %-9&-

5;@ @&%+55+@ )%#)$-%$- *)5&& 40 A"@":&$/"A K5&@&#%)( =&'")3":&$/)1 $"$-

%&@; G.F. !&#3&5&&(+, @+$$+ +%)@)( /)%)';A $)$%+(5-&% $(;<& 50 +%)@#;A 

&3"#"4. Y%+ 7'.==+ K5&@&#%)( +/%"(#) .:+$%(.&% ( *")5)7":&$/"A =')4&$$+A, 

(A)3- ( $)$%+( @#)7"A >&'@&#%)(. ?)#-%"& «%-9&5;& @&%+55;» () @#)7)@ 

$)(=+3+&% $ =)#-%"&@ «@"/')K5&@&#%;», =)K%)@. $("#&4, 4"#/, /+3@"1, 

'%.%6, @)5"*3&#, A')@, @+'7+#&4, #"/&56, )5)(), /)*+56%, %"%+#, @&36, (+#+-

3"1 -(5-8%$- %-9&5;@" @&%+55+@". 

F$%):#"/" =)$%.=5&#"- %-9&5;A @&%+55)( 3&5-%$- #+ ='"')3#;& ((;-

(&%'"(+#"& 7)'#;A =)')3 " @"#&'+5)(, K'),"1#;& =')4&$$;, (.5/+#":&$/+- 

3&-%&56#)$%6) " %&A#)7&##;& (3)*;:+ " =&'&'+*)%/+ =)5&,#;A "$/)=+&@;A, 

$9"7+#"& %)=5"(+, 3("9&#"& %'+#$=)'%+, 3&-%&56#)$%6 $&56$/)7) A),-1$%(+). 



 

 58

e+$%6 %&A#)7&##;A (;*')$)(, =)$%.=+8R"A ( ='"')3#.8 $'&3. ( ("3& %)#-

/"A +K'),)5&1, =&'&#)$"%$- #+ ,#+:"%&56#;& '+$$%)-#"- " (;,;(+&% 75)*+56-

#)& ,+7'-,#&#"&. G'.7+- :+$%6 =)$%.=+&% ( *&$$%):#;& ()3)&@;, 73& %-9&5;& 

@&%+55; #+/+=5"(+8%$- " $%+#)(-%$- "$%):#"/)@ (%)'":#)7) ,+7'-,#&#"-, 

%.&. )*'+,)(+#"- )=+$#;A ,+7'-,#&#"1 ( A)3& >","/)-A"@":&$/"A =')4&$$)(, 

"3.R"A #&=)$'&3$%(&##) ( $'&3& (#+='"@&', )*'+,)(+#"& ", #&%)/$":#;A 

(&R&$%( -3)("%)7) 7+,+ >)$7&#+). 

J-9&5;& @&%+55; #+/+=5"(+8%$- ( =):(&, )$)*&##) ( (&'A#"A 7.@.$)-

(;A 7)'",)#%+A, " @&35&##) .3+5-8%$- ='" (;R&5+:"(+#"", =)%'&*5&#"" 

'+$%&#"-@", K'),"" " 3&>5-4"" – (;3.(+#"" =):(. ?&'")3 =)5..3+5&#"- "5" 

.3+5&#"- =)5)("#; )% #+:+56#)1 /)#4&#%'+4"" $)$%+(5-&% =')3)59"%&56#)& 

('&@-: 35- 4"#/+ – )% 70 3) 510 5&%, 35- /+3@"- – )% 13 3) 110 5&%, 35- @&3" – 

)% 310 3) 1500 5&% " 35- $("#4+ – )% 740 3) 5900 5&%. 

I 7.@.$)()1 :+$%" =):(; =')"$A)3"% =&'(":#+- %'+#$>)'@+4"- =)=+(-

<"A ( #&& $)&3"#&#"1. J-9&5;& @&%+55; )*5+3+8% (;$)/)1 $=)$)*#)$%68 

/ @#)7))*'+,#;@ A"@":&$/"@, >","/)-A"@":&$/"@ " *")5)7":&$/"@ '&+/4"-

-@. !#)7"& ", #"A "@&8% =&'&@&##.8 (+5&#%#)$%6 " .:+$%(.8% ( )/"$5"-

%&56#)-()$$%+#)("%&56#;A =')4&$$+A. J-9&5;& @&%+55; " "A $)&3"#&#"-, /+/ 

" 3'.7"& A"@":&$/"& $)&3"#&#"-, $=)$)*#; =&'&@&R+%6$- " =&'&'+$='&3&-

5-%6$- ( '+,5":#;A $'&3+A. 

!"7'+4"- $)&3"#&#"1 %-9&5;A @&%+55)( =')"$A)3"% ( ,#+:"%&56#)1 

$%&=&#" ( ("3& )'7+#)@"#&'+56#)1 $)$%+(5-8R&1. e+$%6 )'7+#":&$/"A $)-

&3"#&#"1, $ /)%)';@" $(-,;(+8%$- @&%+55;, ='&3$%+(5&#+ =')3./%+@" @"/')-

*")5)7":&$/)1 3&-%&56#)$%". 0%.%6 A+'+/%&'",.&%$- $=)$)*#)$%68 +//.@.5"-

')(+%6$- ( ,(&#6-A ="R&()1 4&=". !"/'))'7+#",@; =):(; @)7.% 3+(+%6 .$-

%)1:"(;& / '%.%" =)=.5-4"", /)%)';& ='&('+R+8% @&%+55":&$/.8 '%.%6 

( %)/$":&$/"& 35- (;$<"A )'7+#",@)( (&R&$%(+. D&/)%)';& ()3)')$5", 7'"-

*; " *+/%&'"" $=)$)*#; +//.@.5"')(+%6 '%.%6 ( /5&%/+A. 

I$5&3$%("& 75)*+56#)7) ,+7'-,#&#"- )/'.9+8R&1 $'&3; $("#4)@ )# 

$%+5 (&,3&$.R"@ /)@=)#&#%)@ 58*)1 ="R" " /)'@)(. 0+$%"%&56#;& =')3./-

%; ( 4&5)@ $)3&'9+% *)56<& $("#4+, :&@ 9"()%#;&. 

M/)5) 1 @5# /7 /+3@"- =)=+3+&% ( +%@)$>&'. &9&7)3#) ( '&,.56%+%& 3&--

%&56#)$%" ,+()3)( =) &7) (;=5+(/&, :%) $)$%+(5-&% )/)5) 45 % )*R&7) ,+-

7'-,#&#"- K%"@ K5&@&#%)@; 52 % ,+7'-,#&#"1 )*'+,.8%$- ( '&,.56%+%& $9"7+-

#"- "5" =&'&'+*)%/" ",3&5"1, $)3&'9+R"A /+3@"1. H+3@"1 )*5+3+&% )%#)$"-

%&56#) (;$)/)1 5&%.:&$%68, =)K%)@. )# 5&7/) =')#"/+&% ( +%@)$>&'.. F$-

%):#"/" ,+7'-,#&#"- +%@)$>&'; 4"#/)@ %& 9&, :%) " /+3@"&@. ?)=+3+#"& 

/+3@"- ( ='"')3#;& ()3; =')"$A)3"% ( '&,.56%+%& ='"@&#&#"- &7) ( 7+56(+#"-

:&$/"A =')4&$$+A. D+"*)5&& $&'6&,#;& "$%):#"/" ,+7'-,#&#"- ()3; 4"#/)@ – 

,+()3; =) (;=5+(/& 4"#/+ " 7+56(+#":&$/"& =')",()3$%(+. 
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?)%&#4"+56#;@ "$%):#"/)@ ,+7'-,#&#"- /+3@"&@ -(5-8%$- .3)*'&#"-. 

?'" K%)@ /+3@"1 (#&3'-&%$- ( '+$%&#"-, .=)%'&*5-&@;& :&5)(&/)@ ( ="R., 

" ( /)#4& 4&=):/" =&'&A)3"% ( )'7+#",@ :&5)(&/+. H+3@"1 " 4"#/ 5&7/) =')-

#"/+8% ( @)'$/.8 ()3. " )/&+# :&'&, $&%6 =)(&'A#)$%#;A " 7'.#%)(;A ()3. 

H+3@"1 " 4"#/ #+/+=5"(+8%$- ( )='&3&5&##;A )'7+#+A 9"()%#;A ()$)*&##) 

( =&:&#" " =):/+A). 

!;<6-/ ( ='"')3& ='"$.%$%(.&% ( ("3& $.56>+%)(. O7) $)3&'9+#"& 

( $("#4)()-4"#/)(;A /)#4&#%'+%+A )/)5) 1 %. I$5&3$%("& 5&%.:&$%" )# 5&7-

/) =)=+3+&% ( +%@)$>&'.. B+@;@" $"56#;@" "$%):#"/+@" ,+7'-,#&#"- K%"@ 

@&%+55)@ -(5-8%$- 7&'*"4"3;, >.#7"4"3; " "#$&/%"4"3;. 

L'.==)1 ,+=+3#;A .:&#;A *;5) =')(&3&#) "$$5&3)(+#"& '"$/+ 35- )/-

'.9+8R&1 $'&3; =-%" )$#)(#;A %"=)( #+#)@+%&'"+5)(, (/58:+- #+#)%'.*-

/", /(+#%)(;& %):/" 35- '+,#;A %&A#)5)7":&$/"A )=&'+4"1, =')",()3$%(+ 

5&/+'$%(, ):"$%/" #&>%". D+ )$#)(+#"" =)5.:&#;A 3+##;A .:&#;& $3&5+5" 

(;()3, :%) $),3+#"& #+#)@+%&'"+5)( ='&3$%+(5-&% @&#6<"1 '"$/, :&@ %&/.-

R"& "#3.$%'"+56#;& =')4&$$;. 

E:&#;& %+/9& ='&3=)5+7+8%, :%) #+#):+$%"4;, =)=+3+8R"& ( =):(., 

#& ='":"#-% K/)$"$%&@& #"/+/)7) ,+@&%#)7) ('&3+. N;5 =')(&3&# '-3 )=;%)(, 

( /)%)';A >.55&'&#; =)@&R+5" ( '+,5":#;& ("3; =):( " ,+%&@ "$$5&3)(+5" 

"A =)(&3&#"& " (5"-#"& #+ @"/'))'7+#",@; " @"#&'+56#;& (&R&$%(+. 0&-

,.56%+%; #+*583&#"1 =)/+,+5", :%) *+5+#$ (&R&$%( #& *;5 ,+%')#.%. 

G'.7)1 =')*5&@)1 -(5-&%$- "$$5&3)(+#"& =)(&3&#"- #+#):+$%"4 ( ()3&. 

D&)*A)3"@; /)@=5&/$#;& "$$5&3)(+#"- =) =)()3. $=)$)*#)$%" /+93)7) ", 

("3)( 7'.#%)( "5" "$/.$$%(&##;A >"56%')( ,+3&'9"(+%6 %& "5" "#;& #+#)-

:+$%"4;. G+##;@ ()=')$)@ ,+#"@+8%$- ( #+$%)-R&& ('&@- .:&#;& ", J&A#)-

5)7":&$/)7) "#$%"%.%+ G9)'39"" (Georgia Institute of Technology). F@" =')-

()3"5+$6 $&'"- )=;%)(, ( A)3& /)%)';A :&'&, /)5*;, ,+=)5#&##;& =&$/)@, 

7'.#%)@, @"/')7'+#.5+@" $%&/5+ " "#;@" @+%&'"+5+@" =')=.$/+5+$6 ()3+, 

$)3&'9+R+- >.55&'&#;. I;-$#"5)$6, :%) =&$)/ ,+3&'9"(+&% 3) 80 % #+#):+-

$%"4, )3#+/) .:&#;& ='"<5" / (;()3., :%) #+ >"56%'+4"8 (5"-&% $)$%+( ()-

3;. D+5":"& ( ()3& 7.@"#)()1 /"$5)%; "5" =)(&'A#)$%#)-+/%"(#;A (&R&$%( 

=),()5-&% #+#):+$%"4+@ $()*)3#) =')A)3"%6 :&'&, =&$)/. J+/9& "$$5&3)(+-

#"- =)/+,+5", :%) #&@)3">"4"')(+##;1 >.55&'&#, =)=+3+- ( ()3#;& $"$%&-

@;, @)9&% #+/+=5"(+%6$- ( #&'(#;A %/+#-A ';* " (;,;(+%6 . #"A )/"$5"-

%&56#;& =)('&93&#"- [2]. 

F$$5&3)(+%&5" ", I&5"/)*'"%+#"" Y. I+153 " H. G9)#$ $ =)@)R68 @&-

%)3+ %'&A@&'#)1 +(%)>58)'&$4&#%#)1 @"/')$/)="" (TPEM-AF) $@)75" .("-

3&%6, /+/ 9"(;& '+$%.R"& /)'#" (,+"@)3&1$%(.8% $ .75&')3#;@" #+#)%'.*-

/+@". E:&#;& ,+75-#.5" ( 75.*"#. /)'#- #+ 350 @/@, :%) $)$%+(5-&% 3–5 $5)-

&( /5&%)/. M/+,+5)$6, :%) #+#)%'.*/" *./(+56#) «=')/+5;(+8%» /5&%/" /)'-
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#-, :%) )*5&7:+&% =')#"/#)(&#"& ( #"A >&#+#%'&#+, %"=":#)7) +%@)$>&'#)7) 

,+7'-,#-8R&7) +7&#%+, =')3./%+ $7)'+#"- %)=5"(+. Y%+ '+*)%+ $%+5+ (&$)@;@ 

3)/+,+%&56$%()@ #&)*A)3"@)$%" 3+56#&1<&7) ",.:&#"- =)(&3&#"- #+#)@+%&-

'"+5)( ( )/'.9+8R&1 $'&3&. 

H+3@"&()-$&5&#)(;& /(+#%)(;& %):/" '+,5+7+8%$- ( ,&@5&, (;$()*)9-

3+- ")#; %)/$":#;A /)@=)#&#%)( ( )/'.9+8R.8 $'&3.. I K/$=&'"@&#%& [3] 

A"@"/" ",.:+5" *")+//.@.5-4"8, *")3&7'+3+4"8 " @"7'+4"8 /(+#%)(;A 

%):&/, «')3"%&5-@"» /)%)';A *;5" /+3@"1 " $&5&#. M3#" /(+#%)(;& %):/" "@&-

5" ,+R"%#)& =)/';%"& ", $.56>"3+ 4"#/+, 3'.7"& )$%+(+5"$6 «7)5;@"». M/+,+-

5)$6, :%) :&'&, 15 3#&1 ='&*;(+#"- ( =):(& " ,+R"R&##;& " «7)5;&» /(+#%)(;& 

%):/" #+:"#+8% «=')%&/+%6» – (;$()*)93+%6 ")#; /+3@"- " $&5&#+. 

I K/$=&'"@&#%&, "@"%"'.8R&@ ='"$.%$%("& /(+#%)(;A %):&/ #+ =)(&'A#)-

$%" ,&@5", A"@"/" «=')5"5" 3)936» – )')$"5" =):(&##;1 $%)5* A5)'"3)@ /+56-

4"-. M/+,+5)$6, :%) )/)5) 90 % «7)5;A» " 70 % =)/';%;A 4"#/)()1 )*)5):/)1 

/(+#%)(;A %):&/ )$%+5"$6 ( %)5R& =):(;. 

M3#+/) =&'&@&R&#"& (&R&$%( ,+("$"% )% $)$%+(+ =):(;. ?)K%)@. ( $5&-

3.8R&@ K/$=&'"@&#%& A"@"/" 3)*+("5" ( =):(. A&5+%"'.8R"1 +7&#% – A"-

@":&$/)& $)&3"#&#"&, /)%)')& )*'+,.&% /)@=5&/$; $ ")#+@" @&%+55)(. 

EDTA, "$=)56,.&@;1 ( K/$=&'"@&#%& ( /+:&$%(& %+/)7) +7&#%+, (A)3"% ( $)-

$%+( @;5+ " @)8R"A $'&3$%(. «I #)'@+56#;A .$5)("-A /(+#%)(;& %):/" )$-

%+8%$- ( (&'A#&@ $5)& =):(; " #& =')#"/+8% ( 7'.#%)(;& ()3;. D) &$5" 

( =):(& ='"$.%$%(.8% A&5+%"'.8R"& +7&#%;, / /)%)';@ )%#)$-%$- " EDTA, 

" )'7+#":&$/"& /"$5)%; '+$%"%&56#)7) =')"$A)93&#"-, %) /(+#%)(;& %):/" 

#+:"#+8% *;$%') @"7'"')(+%6, 3)$%"7+- *)56<"A 75.*"#» [3]. 

I %+*5. 2 ='&3$%+(5&#; (),@)9#;& $'&3; #+/)=5&#"- '+,#;A %"=)( #+-

#):+$%"4. 

J+*5"4+ 2 

H(I#"052.'" )$)(4$52'& )$ (%1=B$GA=G 51"#= 

I),@)9#;& =.%" (),3&1$%("- 

M*5+$%6 ='"@&#&#"- 
J"= #+#)@+-

%&'"+5+ 
I),-

3.A 

?)-

(&'A-

#)$%-

#;& 

()3;

L'.#-

%)(;& 

()3;

B%):-

#;& 

()3; 

?):(+ M%A)3; 

?')3./%; /)$@&%"/", 

$'&3$%(+ 5":#)1 7"7"&#; 

TiO2, ZnO, 

>.55&'&# 

(B60), Fe2O3, 

Ag 

– + – + – – 

H+%+5",+%)';, $@+,/"  

" ='"$+3/" / %)=5"(. 

CeO2, Pt, 

MoS3 
+ + – + – – 
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M/)#:+#"& %+*5. 2 

I),@)9#;& =.%" (),3&1$%("- 

M*5+$%6 ='"@&#&#"- 
J"= #+#)@+-

%&'"+5+ 
I),-

3.A 

?)-

(&'A-

#)$%-

#;& 

()3;

L'.#-

%)(;& 

()3;

B%):-

#;& 

()3; 

?):(+ M%A)3; 

H'+$/" " =)/';%"- 

TiO2, SiO2, 

Ag, /(+#%)-

(;& %):/" 

+ + – + – – 

M*'+*)%/+ ()3; " ()$-

$%+#)(5&#"& )/'.9+8-

R&1 $'&3; 

Fe, Fe-Pd, 

=)5".'&%+# 
– + + + + – 

C7')A"@":&$/"& ='&=+-

'+%; 

SiO2 (=)'"$-

%;1) ( /+:&-

$%(& #)$"%&5-

+ + – – + – 

?"R&(+- .=+/)(/+ 
Ag, #+#)75"-

#+, TiO2 
– – – – + + 

2+'@+4&(%":&$/"&  

='&=+'+%; 

D+#)='&=+-

'+%; " #+-

=)5#"%&5" 

– – + + + – 

 

0+$$@)%'"@ '&,.56%+%; /)@=68%&'#)7) @)3&5"')(+#"- %'+#$=)'%+ %'&A 

#+"*)5&& '+$=')$%'+#&##;A ("3)( #+#):+$%"4 (Ag, TiO2 " .75&')3#;& #+-

#)%'.*/" – EDJ), ='&3$%+(5&##;& ( 3)/5+3& <(&14+'$/"A .:&#;A N. D)(+/ 

" D. !855&' [1]. D+#):+$%"4; Ag " TiO2 #+"*)5&& <"')/) ='&3$%+(5&#; ( 

=)%'&*"%&56$/"A %)(+'+A: $&'&*') )*5+3+&% =')%"()@"/')*#;@", =')%"()-

7'"*/)(;@" " 3'.7"@" =)5&,#;@" $()1$%(+@", + )/$"3 %"%+#+ =')",()3"%$- 

( *)56<"A /)5":&$%(+A 35- "$=)56,)(+#"- ( $+@)):"R+8R"A$-, #&)*'+$-

%+8R"A, =')%"()@"/')*#;A =)/';%"-A " /'+$/+A, + %+/9& ( /)$@&%":&$/"A 

$'&3$%(+A /+/ =)75)%"%&56 E2. I /+:&$%(& %'&%6&7) ",.:+&@)7) @+%&'"+5+ 

*;5" (;*'+#; #+#)%'.*/". 

I @)3&5" "$=)56,)(+5"$6 $5&3.8R"& "$A)3#;& 3+##;&: 

– )4&#/+ )*X&@)( @"')()7) =')",()3$%(+; 

– /)#4&#%'+4"" #+#):+$%"4 ( '+,5":#;A =')3./%+A; 

– (;A)3 #+#):+$%"4 ", =')3./%)( " =+'+@&%'; =)%)/)( ( )/'.9+8R.8 

$'&3. ()% .$%+#)()/ 35- $9"7+#"- )%A)3)(, @.$)'#;A $(+5)/, "/"5" .$%+#)()/ 

35- ):"$%/" $%):#;A ()3) " @&93. && )*5+$%-@" ((),3.A, =):(+, ()3+). 

0+$$@)%'&# (&$6 4"/5 "$=)56,)(+#"- =')3./%)(, $)3&'9+R"A #+#):+-

$%"4;, – )% =')",()3$%(+ 3) .%"5",+4"". !)3&56 %+/)7) %"=+ )*;:#) ='"@&-

#-&%$- ( )='&3&5&#"" (),3&1$%("- A"@":&$/"A =')3./%)(. 

C(%)'; $3&5+5" )4&#/. '"$/+ 35- %'&A )*5+$%&1 )/'.9+8R&1 $'&3; – ()3; 

('&/" " ),&'+), (),3.A+, =):(; P(&14+'"". N;5) '+$$@)%'&#) 3(+ $4&#+'"- – 

'&+5"$%":#;1, )$#)(+##;1 #+ "@&8R&1$- "#>)'@+4"", " ='&3=)5+7+&@;1, 



 

 62

)$#)(+##;1 #+ )4&#/+A, ='&3=)5+7+8R"A #+5":"& *)5&& (;$)/"A /)#4&#%'+-

4"1. 0&,.56%+%; $'+(#"(+5"$6 $ (&5":"#+@", /)%)';&, =) 3+##;@ %)/$"/)5)7"-

:&$/"A "$$5&3)(+#"1, #& (;,;(+8% #&7+%"(#;A K>>&/%)( (PNEC – predicted no-

effect concentration). 0"$/ (;'+9+5$- /+/ )%#)<&#"& =')7#),"'.&@)1 /)#4&#%'+-

4"" ( )/'.9+8R&1 $'&3& PEC (PEC – predicted environmental concentrations) 

/ PNEC. !+%&'"+5;, 35- /)%)';A K%) )%#)<&#"& @&#6<& &3"#"4;, $:"%+8%$- 

*&,)=+$#;@". G5- +#+5",+ "$=)56,)(+5"$6 =+'+@&%';, ='&3$%+(5&##;& ( %+*5. 3. 

J+*5"4+ 3 

J(#"+'1(.$)'" 21$)5<(12$ )$)(4$52'& (K9) 

D+#)-

:+$%"4; 

H+%&7)'"-  

=')3./4"" 

B)3&'-

9+#"& 

De, % 

B=)$)*  

(;3&5&#"- 

I;3&5&-

#"& De, %

M*5+$%6  

(;3&5&#"- 

F$%"'+#"& ='" 

"$=)56,)(+#"" 

5 I),3.A 

F$%"'+#"& ='" 

$%"'/& 

 

5 

M:"$%/+ $%):#;A 

()3 

E%"5",+4"- 0,5 

?&'&'+*)%/+ 2 

B9"7+#"&  

@.$)'+ 

J&/$%"56 10 

Y/$=)'% 85 d"(+- $"$%&@+ 

H)$@&%"/+ 25 0+,5)9&#"& 95 d"(+- $"$%&@+ 

CK'),)5", :"$-

%-R"& $'&3$%(+ 

15 E%"5",+4"- 95 d"(+- $"$%&@+ – 

):"$%/+ $%):#;A ()3 

F$=)56,)(+#"& 5 

E%"5",+4"- 5 

B9"7+#"& @.$)'+ 

F$%"'+#"& 47,5 

!&%+55":&$/+- 

=')3./4"- 

5 

?&'&'+*)%/+ 2,5 

I),3.A, $%)/" 

E%"5",+4"- 45 

0+,5)9&#"& 5 

?5+$%@+$$; 10 

F$%"'+#"& 50 

?):(+, 

$9"7+#"& @.$)'+ 

E%"5",+4"- 45 

0+,5)9&#"& 5 

Ag 

H'+$/" 35 

E%&:/+ 45 

M:"$%/+ $%):#;A 

()3, 9"(+- $"$%&@+, 

$9"7+#"& @.$)'+, 

=):(+, $%):#;& ()3; 

F$%"'+#"& 5 ?5+$%@+$$; 2 

E%"5",+4"- 95 

I),3.A, 

$%):#;& ()3; 

F$=)56,)(+#"& 95 H)$@&%"/+ 60 

E%"5",+4"- 5 

B9"7+#"& 

@.$)'+ 

F$=)56,)(+#"& 95 ?)/';%"- 2 

E%"5",+4"- 5 

B%):#;& ()3;, 

$9"7+#"& @.$)'+ 

F$%"'+#"& 5 

?&'&'+*)%/+ 90 

TiO2 

!&%+55; 1 

E%"5",+4"- 5 

B%):#;& ()3;,  

(),3.A 
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M/)#:+#"& %+*5. 3 

D+#):+$%"4; 
H+%&7)'"-  

=')3./4"" 

B)3&'9+#"&

De, % 

B=)$)*  

(;3&5&#"- 

I;3&5&-

#"& De, 

% 

M*5+$%6  

(;3&5&#"- 

E%"5",+4"- 25 ['+#&#"& / 

=')",()3$%() 

K#&'7"" 

10/ 

25 ?&'&'+*)%/+ 75 

B9"7+#"&  

@.$)'+, $%):-

#;& ()3; 

E%&:/+ 50 
TiO2 

H'+$/" 25 

E%"5",+4"- 50 

B%):#;& ()-

3;, $9"7+#"&  

@.$)'+ 

F$%"'+#"& 5 ?5+$%@+$$;, 

B=)'%"(#)& 

)*)'.3)(+#"& 

50 

E%"5",+4"- 95 

I),3.A,  

$9"7+#"&  

@.$)'+ 

?&'&'+*)%/+ 40 

E%"5",+4"- 10 

EDJ Y5&/%')#"/+, 

*+%+'&" 

50 

Y/$=)'% 50 

d"(+- $"$%&-

@+, 

$9"7+#"&  

@.$)'+ 

 

?)/+,+#), :%) (&5":"#; PEC 35- EDJ -(5-8%$- $+@;@" #",/"@" (A)%- 

='" @)3&'#",+4"" =')",()3$%(+ $"%.+4"- @)9&% ",@&#"%6$-). B)3&'9+#"& 

( (),3.A& ($&A %'&A %"=)( #+#):+$%"4 @+5). D+#):+$%"4; $&'&*'+ " )/$"3+ 

%"%+#+ ( )$#)(#)@ #+A)3-%$- ( ()3& " =):(&, ='" K%)@ $)3&'9+#"& #+#):+-

$%"4 Ag ( 20–200 '+, #"9&, :&@ TiO2. EDJ ( ()3. ='+/%":&$/" #& =)=+3+8%. 

0&,.56%+%; @)3&5"')(+#"- =)/+,;(+8%, :%) ( #+$%)-R&& ('&@- EDJ 

#& ='&3$%+(5-8% '"$/+ 35- )/'.9+8R&1 $'&3;. M$#)(#+- :+$%6 =')3./%)(, 

$)3&'9+R"A #+#)%'.*/", "5" "3&% ( =)(%)'#;1 4"/5, "5" =)=+3+&% ( .$%+-

#)(/" 35- $9"7+#"- @.$)'+, 73& EDJ ( ='"$.%$%("" /"$5)')3+ $7)'+8% ='+/-

%":&$/" =)5#)$%68 (='" %&@=&'+%.'& ='"@&'#) 850 )B). C ()% )%#)<&#"& 

PEC/PNEC 35- #+#):+$%"4 TiO2 ( ()3& ='"*5"9+&%$- / &3"#"4& "5" 3+9& 

*)56<& #&&, :%) ./+,;(+&% #+ #+5":"& ,#+:"@)7) '"$/+. 

I 2008 7. *;5" ='&3$%+(5&#; '&,.56%+%; "$$5&3)(+#"1, =')(&3&##;A 

.:&#;@" P(&14+'$/)7) 7)$.3+'$%(&##)7) "#$%"%.%+ %&A#)5)7"" 7)')3+ T8-

'"A+. I $(-," $ .(&5":&#"&@ "$=)56,)(+#"- #+#):+$%"4 $&'&*'+ ( %)(+'+A 

&9&3#&(#)7) ='"@&#&#"-, )$)*&##) ( =5+$%"/+A " %&/$%"56#)1 =')3./4"", 

)4&#"(+5)$6 =)=+3+#"& " '+$='&3&5&#"& "A ( )/'.9+8R&1 $'&3&. D+ '"$. 2 

=)/+,+#) =)=+3+#"& '+$$@+%'"(+&@)7) (&R&$%(+ ( )/'.9+8R.8 $'&3. #+ 

'+,5":#;A K%+=+A &7) "$=)56,)(+#"-. 

I 3+##;A "$$5&3)(+#"-A +/4&#% *;5 $3&5+# #+ (),3&1$%("& #+ ()3#.8 

$"$%&@., %+/ /+/ *)56<+- :+$%6 #+#):+$%"4 $&'&*'+ =)=+3+&% "@&##) ( ()3.. 

?)$/)56/. 11 % )% )*R&7) /)5":&$%(+ :+$%"4 =)=+3+&% ( '. 0&1#, %) ( "$$5&-

3)(+#"-A %+/9& )$.R&$%(5-5)$6 @)3&5"')(+#"& =')4&$$)( '+$='&3&5&#"- 

'+$$@+%'"(+&@)7) (&R&$%(+ ( ()3#)1 $"$%&@& '. 0&1#, /)%)'+- -(5-&%$- "$-
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%):#"/)@ ()3; *)5&& :&@ 35- 45 &(')=&1$/"A 7)')3)( $ #+$&5&#"&@ *)5&& 

10 000 :&5)(&/. H)#4&#%'+4"- #+#):+$%"4 $&'&*'+ ( ()3&, =)$%.=+8R&1 #+ 

):"$%#;& $))'.9&#"-, $)$%+(5-&% 9 @/7/5, $ .:&%)@ %)7), :%): 

 

 

0"$. 2. ?)=+3+#"& #+#)$&'&*'+ ( )/'.9+8R.8 $'&3. 

– ( $"$%&@. ()3)=)37)%)(/" &9&7)3#) =)$%.=+&% 270 % $&'&*'+; 

– 70 @3 $%):#;A ()3 $ )3#)7) :&5)(&/+ #+/+=5"(+&%$- ,+ 7)3; 

– 85 % #+$&5&#"- O(')=; $5.9+% "$%):#"/)@ =)$%.=5&#"- $%):#;A ()3 

#+ ):"$%#;& $))'.9&#"-; 

– +/%"(#;1 "5 $)3&'9"% 24 @7 $&'&*'+ #+ 1 /7 @+$$;; 

– K>>&/%"(#)$%6 .3+5&#"- $&'&*'+ $)$%+(5-&% 94 %; 

– /)#4&#%'+4"- $))%(&%$%(.&% 255 % $&'&*'+ ( 7)3; 

– 145 % $&'&*'+ ( 7)3 =)=+3+&% ( =):(.. 

G5- '+$='&3&5&#"- /)#4&#%'+4"1 #+#):+$%"4 $&'&*'+ ( ()3#)1 $"$%&@& 

0&1#+ "$=)56,)(+5+$6 $5&3.8R+- @)3&56, ( /)%)')1 (;3&5&#; )%3&56#) 
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3("9.R"&$- ()3#;& @+$$; (I1), ,+$%)1#+- ()3+ (I2), )$+3)/ " =)$%)-##;& 

)%5)9&#"- ('"$. 3). 

 

0"$. 3. !)3&56 '+$='&3&5&#"- /)#4&#%'+4"1 #+#):+$%"4 $&'&*'+ ( '. 0&1# 

?'" )4&#/& ",@&#&#"- /)#4&#%'+4"" #+#):+$%"4 $&'&*'+ (3)56 %&:&#"- 

'&/" 35- %'&A (),@)9#;A (+'"+#%)( $)3&'9+#"- (&R&$%(+ ( )3#)1 $'&3& 

(@+/$"@+56#)7), $'&3#&7) " @"#"@+56#)7)) $ .:&%)@ '+$$@)%'&##)1 @)3&5" 

*;5) (;-(5&#) && .(&5":&#"&, :%) ='&3$%+(5&#) #+ '"$. 4 [1]. 

 

0"$. 4. F,@&#&#"& /)#4&#%'+4"" #+#)$&'&*'+ ( '&:#)1  

()3& =) %&:&#"8 

I ,+("$"@)$%" )% "$A)3#)7) $)3&'9+#"- #+#):+$%"4 $&'&*'+ ( ()3& &7) 

/)#4&#%'+4"- )% N+,&5- 3) `)*"%+, %.&. #+ '+$$%)-#"" 700 /@, .(&5":"(+&%$- 

( 3–5 '+,, :%) $(-,+#) $ =')4&$$+@" ()3))*@&#+, $.$=&#,"')(+#"-, 3">>.,"" 
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" =&'&@&R&#"- )$+3/+. N;5) )='&3&5&#) =)')7)()& ,#+:&#"& $)3&'9+#"- #+-

#):+$%"4 $&'&*'+ ( ()3& #+ ):"$%#;A $))'.9&#"-A " ( =)(&'A#)$%#;A ()3+A: 

185 @/7/5 " 2 #7/5 $))%(&%$%(&##). M%#)<&#"& /)#4&#%'+4"" #+#):+$%"4 

$&'&*'+ / =)')7)()@. ,#+:&#"8 #+ ):"$%#;A $))'.9&#"-A $)$%+(5-&% 

9 @/7/5 / 185 @/7/5, %.&. 0,05, :%) =)/+,;(+&% )%$.%$%("& '"$/+ 35- @"/'))'7+-

#",@)( #+ 3+##;A $))'.9&#"-A. 
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