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1. Introduction 
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2. Materials and Methods 

2.1. Reagents and materials 
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2.2. Synthesis of 13C1-nonylphenol 

A9#!%Y2+9#%3%!/L!RD-R,EPD0G,T3Z#+9Y.,D,9#X+Y.Q,X9#2/.!P!/)!
RD-R,DGD!"SQ!^'%!('%#T!

/2!'!&)3#T#.n-)'L+%!'._Y.'+3/2!/L!RD-R,.'(#..#T!X9#2/.!'2T!'!+#)+3')Y!2/2Y.'.8/9/.!

#ZX./Y32*!m&D,#+9#)!8/ZX.#M!'%!8'+'.Y%+!iRF0!\]j6!A9#!X)/8#T$)#!3%!3..$%+)'+#T!32!

&3*$)#!R6!=%!8'2!(#!/(%#)?#T0!+9#!%#.#8+#T!.'(#.32*!X/%3+3/2!8/))#%X/2T%!+/!+9#!

8')(/2!.32_#T!+/!+9#!9YT)/MY.!*)/$X0!^9389!)#Z'32%!32!+9#!Z'32!L)'*Z#2+!3/2%!

Z#'%$)#T!(Y!+'2T#Z!Z'%%!%X#8+)/Z#+)Y6!

cMX#)3Z#2+'.!X)/8#T$)#!L/)!+9#!X)#X')'+3/2!/L!RD-R,EPD0G,T3Z#+9Y.,D,9#X+Y.Q,X9#2/.B!

A/!'!%+3))#T!%/.$+3/2!/L!RD-R,.'(#..#T!X9#2/.!PR\J!Z*0!R6DR!ZZ/.Q!'2T!D0G,T3Z#+9Y.,D,

9#X+'2/.!PR\G6J!Z*0!]6HH!ZZ/.Q!32!9#M'2#%!PJ]!ZbQ!^'%!'TT#T!(/)/2!+)3L.$/)3T#!

#+9#)'+#!PRJG! b0!]6F!ZZ/.Q6!A9#!)#%$.+32*!Z3M+$)#!^'%!%+3))#T!/?#)23*9+0!+9#2!38#,

^'+#)!PJ]!ZbQ!^'%!'TT#T!'2T!#M+)'8+#T!^3+9!9#M'2#%!PD!M!D]!ZbQ6!A9#!/)*'238!

.'Y#)%!^#)#!T)3#T!P%/T3$Z!%$.L'+#Q0!L3.+#)#T!'2T!8/28#2+)'+#T!$2T#)!?'8$$Z!+/!'LL/)T!

'!'!8)$T#!/3.Y!X)/T$8+!^9389!^'%!X$)3L3#T!+9)/$*9!.3[$3T!89)/Z'+/*)'X9Y!P%3.38',*#.0!

9#M'2#%B!#+9Y.!'8#+'+#!PRJBRQQ!+/!'LL/)T!RE]!Z*!PY3#.T!r!I\fQ!'2T!89')'8+#)3;#T!(Y!

Ra!"W>!'2T!RD-!"W>6!

7X#8+)/%8/X38!T'+'!/L!RD-R,EPD0G,T3Z#+9Y.,D,9#X+Y.Q,X9#2/.B!
Ra!"W>!P-e-.D0!J]]!

Wa;Q! !I6RG!PRa0!T0!J!r!F6\!a;Q0!I6RE!PRa0!T0!J!r!F6R!a;Q0!G6HR!PRa0!T0!J!r!H6H!a;Q0!

G6H]!PRa0!T0!J!r!H6H!a;Q0!J6E]!PRa0!()!%Q0!R6IE,R6GE!P\a0!ZQ0!R6JF,R6DF!PZ0!DaQ0!R6\E!

PDa0!%Q0!R6]H,R6]R!PRa0!ZQ0!]6F\,]6HJ!PRa0!ZQ0!]6HJ!!PGa0!+0!J!r!G6F!a;Q0!]6GF!PDa0!+0!J!

r!I6J!a;Q!XXZK!RD-!"W>!P-e-.D0!R\J!Wa;Q! !RJ\6H0!RE]6D!PT0!J!r!H6\!a;Q0!R\I6G0!

RRE6H!PT0!J!r!GG6\!a;Q0!E]6G0!E]6D0!DJ6I0!DD6\0!\H6I0!\D6G0!\\6I0!H6I!XXZ6!!

S$)3+Y!^'%!#?'.$'+#T!(Y!:-,cV,W7!P%##!&3*$)#!\Q6!7328#!/2.Y!/2#!X#'_!^'%!

/(+'32#T0!+9#!8/2+#2+!/L!RD-R,!2/2Y.X9#2/.!^'%!#%+'(.3%9#T!'%!93*9#)!+9'2!FF6Ff6!

A9#!Z'%%!%X#8+)'!/L!+9#!RD-R,!2/2Y.X9#2/.!'2T!+9#!'2'./*/$%!2'+$)'.!'2'./*$#!')#!



("
"

'.%/!328.$T#T!32!&3*$)#!\6!=%!8'2!(#!/(%#)?#T0!+9#!Z'32!L)'*Z#2+!3/2%!8/))#%X/2T32*!

+/!+9#!.'(#..#T!8/ZX/$2T!')#!%93L+#T!(Y!/2#!Z'%%!$23+6!
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2.4. Extraction of technical NP from water 
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2.5. Reduction of blank contamination 
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2.6. Determination of technical NP by Isotope Pattern Deconvolution 
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3. Results and discussion 

=%!3+!^'%!)#X/)+#T!32!'!X)#?3/$%!^/)_!iRHj0!+9#!'XX.38'+3/2!/L!VSe!+/!+'2T#Z!Z'%%!

%X#8+)/Z#+)Y!Pk[kQ!32!7#.#8+#T!>#'8+3/2!W/23+/)32*!P7>WQ!Z/T#!)#[$3)#%!+9#!

8'.8$.'+3/2!/L!+9#!X)/T$8+!3/2%!Z'%%!3%/+/X/Z#)!T3%+)3($+3/2!/L!2'+$)'.!'($2T'28#!

'2T!3%/+/X#,.'(#.#T!8/ZX/$2T6!&/)!+9#![$'2+3L38'+3/2!/L!"S!+9#!2#$+)'.!./%%!/L!'!

-GaRE!*)/$X!32!+9#!Z/.#8$.#!^'%!%#.#8+#T!iFj6!A9#!)#%$.+32*!Z'%%!3%/+/X/Z#)!

T3%+)3($+3/2!8/Z32*!L)/Z!#'89!3%/+/X#!X'++#)2!^#)#!8/ZX$+#T!$%32*!+9#!%/L+^')#!



*!"
"

Isopatrn!3ZX.#Z#2+#T!(Y!b6!>'Z'.#Y!#+!'.6!i\Ej6!A9#20!Z/.')!('.'28#%!L/)!'..!+9#%#!

+)'2%3+3/2%!^#)#!#%+'(.3%9#T!'%!'!L$28+3/2!/L!#'89!8/ZX/$2T6!A9#!X)/8#T$)#!3%!

3..$%+)'+#T!32!&3*$)#!D0!^9#)#!+9#!Z#'%$)#T!3%/+/X#!X'++#)2!/L!+9#!%X3_#T!%'ZX.#!3%!

T#8/2?/.$+#T!32+/!3+%!8/2%+3+$+32*!8/ZX/2#2+%!(Y!Z$.+3X.#!.#'%+!%[$')#%0!X)/?3T32*!+9#!

Z/.')!L)'8+3/2!/L!"S!PXnatQ!'2T!
RD-R,"S!PXlabQ6!!

!

3.1. Study of the spectral purity and isotope enrichment of 13C1-nonylphenol 

A9#!'88$)'8Y!/L!+9#!VSe!X)/8#T$)#!)#.3#%!/2!+9#!8/))#8+!?'.$#!/L!+9#!)#.'+3?#!

'($2T'28#%!#ZX./Y#T!L/)!"S!'2T!RD-R,"S6!V2!+'2T#Z!Z'%%!%X#8+)/Z#+)Y!T3LL#)#2+!

L)'*Z#2+'+3/2!X'+9^'Y%!8'2!+'_#!X.'8#!%3Z$.+'2#/$%.Y0!.#'T32*!+/!T3LL#)#2+!X)/T$8+!

3/2%6!A9#!/?#).'XX32*!/L!+9#!%#.#8+#T!L)'*Z#2+'+3/2!8.$%+#)!^3+9!'2Y!'TO'8#2+!8.$%+#)!

3/2!P^3+9!/2#!#M+)'!9YT)/*#2!/)!/2#!9YT)/*#2!.#%%Q!iRJj!Z/T3L3#%!+9#!3%/+/X/Z#)!

T3%+)3($+3/2!/L!#'89!3%/+/X#!X'++#)20!+9$%!3+!9'%!+/!(#!+'_#2!32+/!'88/$2+6!V2!/)T#)!+/!

[$'2+3LY!+9#!8/2+)3($+3/2!/L!#'89!32T3?3T$'.!%/$)8#!+/!+9#!/?#)'..!%#.#8+#T!8.$%+#)0!'!

8/ZX.#+#!8.$%+#)!89')'8+#)3;'+3/2!^'%!X#)L/)Z#T!(#L/)#!3%/+/X#!T3.$+3/2!'2'.Y%3%!

$%32*!Z$.+3X.#!.32#')!)#*)#%%3/2!iRJ0!\Jj6!=!%+'2T')T!%/.$+3/2!/L!')/$2T!J]]!2*d*!/L!

"S!32!Z#+9'2/.!^'%!32O#8+#T!R]!+3Z#%!+/!+9#!`aSb-,W7dW7!32!7>W!Z/T#0!328.$T32*!

'..!+)'2%3+3/2%!8/))#%X/2T32*!+/!+9#!L)'*Z#2+!8.$%+#)%!iW,a,-GaREj
,0!iW,a,-GaRJj

,!'2T!

iW,a,-GaRDj
,6!A9#!)#%$.+%!%9/^#T!'!8/2+)3($+3/2!/L!FG6]!v!]6D!L/)!iW,a,-GaREj

,!'2T!E6]!

v!]6Df!L/)!iW,a,-GaRJj
,!8.$%+#)6!=TT3+3/2'..Y0!%X#8+)'.!X$)3+Y!^'%!#?'.$'+#T!32!(/++.#T!

^'+#)0!%$)L'8#!^'+#)!'2T!#LL.$#2+!'2T!32L.$#2+!^'%+#^'+#)6!=%!3+!8'2!(#!%##2!32!A'(.#!

R0!+9#!L)'*Z#2+'+3/2!L'8+/)%!T3T!2/+!89'2*#!^3+9!+9#!Z'+)3M!/L!+9#!%'ZX.#6!

-/2%#[$#2+.Y0!+9#!+9#/)#+38'.!3%/+/X/Z#)!T3%+)3($+3/2!/L!+9#!2'+$)'.!'($2T'28#!

2/2Y.X9#2/.!^'%!)#8'.8$.'+#T!+/!328.$T#!+9#!iW,a,-GaRJj
,!8/2+)3($+3/26!



*#"
"

&/)!+9#!8'.8$.'+3/2!/L!+9#!3%/+/X/Z#)!T3%+)3($+3/2!/L!RD-R,"S0!+9#!#M+#2+!/L!.'(#.32*!

Z$%+!(#!T#+#)Z32#T!X)#?3/$%.Y6!A/!+93%!#2T0!%+'2T')T!%/.$+3/2%!8/2+'3232*!J]]!2*d*!

/L!RD-R,"S!^#)#!32O#8+#T!32!+9#!`aSb-,W7dW7!%Y%+#Z!P2rJQ6!A9#!Z#'%$)#T!8.$%+#)!

'($2T'28#%!^#)#!8/ZX')#T!^3+9!+9/%#!8'.8$.'+#T!L/)!+9#/)#+38'.!#2)389Z#2+%!/L!+9#!

.'(#.#T!8/ZX/$2T!L)/Z!FG6J!+/!FF6Jf!RD-R6!V+!3%!^/)+9!%+)#%%32*!+9'+!+9#!

L)'*Z#2+'+3/2!X'++#)2!3%!32T#X#2T#2+!/L!+9#!3%/+/X#!8/ZX/%3+3/2!/L!+9#!Z/.#8$.#!

P2'+$)'.!/)!.'(#.#TQ0!+9$%!+9#!+9#/)#+38'.!8.$%+#)!'($2T'28#%!/L!RD-R,"S!^#)#!'.%/!

)#8'.8$.'+#T!328.$T32*!+9#!iW,a,-GaRJj
,!8/2+)3($+3/26!7328#!+9#!./^#)!+9#!%$Z!/L!

%[$')#%!/L!#))/)%0!+9#!Z/)#!%3Z3.')!+9#!Z'%%!3%/+/X/Z#)!T3%+)3($+3/2!#M'Z32#T0!+9#!

8/ZX$+'+3/2!/L!%$89!#))/)%!'../^#T!$%!+/!L32T!+9#!RD-R!#2)389Z#2+!/L!+9#!Z/.#8$.#6!=!

8.#')!Z323Z$Z!^'%!/(+'32#T!L/)!')/$2T!FH!'+/Z!f!RD-R!L/)!'..!+9#!)#X.38'+#%!P%##!

&3*$)#!EQ6!=88/)T32*.Y0!+9#!+9#/)#+38'.!3%/+/X/Z#)!T3%+)3($+3/2!/L!+9#!.'(#.#T!

8/ZX/$2T!^'%!8'.8$.'+#T!'%%$Z32*!'!RD-R!#2)389Z#2+!/L!FHf6!

g28#!/(+'32#T!+9#!^9/.#!3%/+/X#!T3%+)3($+3/2!/L!"S!'2T!RD-R,"S0!+9#!VSe!'XX)/'89!

8'2!(#!'XX.3#T6!A9#!)#%$.+32*!/?#)T#+#)Z32#T!%Y%+#Z!/L!#[$'+3/2%!8'2!(#!#MX)#%%#T0!

32!Z'+)3M!L/)Z0!'%!

*#&!!!

*#%!!!

*#$!!!

*##!!!

*#%!!*

*#$!!*

*##!!*

*#$!!+

*##!!+

*##!*)

*#&!!!

*#%!!!

*#$!!!

*##!!!

*#%!!*

*#$!!*

*##!!*

*#$!!+

*##!!+

*##!*)

++$$+,++++!&,+

++$)+,++++#&,+

++*'+,++++*&,+

++++&,+++++#,+

+'+)+,++,++%!*

+%&%),++,++%%%

++!!',++,++*'#

(+&&*,++,+(+!'

+#$'+,++,+%'$+

+*&$#,++,(*!(+

e

e

e

e

e

e

e

e

e

e

X

X

A

A

A

A

A

A

A

A

A

A

lab

nat

mix

mix

mix

mix

mix

mix

mix

mix

mix

mix

! PDQ!

!



*$"
"

A9#! ji

mixA !?'.$#%!8/))#%X/2T%!+/!+9#!Z#'%$)#T!)#.'+3?#!'($2T'28#!/L!+9#!8/ZX/$2T!

32!+9#!Z3M+$)#!L/)!+9#!7>W!+)'2%3+3/2!/L!2/Z32'.!Z'%%#%!3!l!O6!A9#%#!?'.$#%!')#!

T#+#)Z32#T!#MX#)3Z#2+'..Y!(Y!X#'_!')#'!32+#*)'+3/2!/L!%#?#)'.!X)/T$8+!3/2%6!A9#!

)#.'+3?#!'($2T'28#!/L!#'89!L)'*Z#2+!3%!+9#2!8'.8$.'+#T!T3?3T32*!+9#!X#'_!')#'!/L!'!

*3?#2!7>W!+)'2%3+3/2!(Y!+9#!%$Z!/L!'..!')#'%6!=%!^#!9'?#!Z/)#!X')'Z#+#)%!

P+)'2%3+3/2%Q!+9'2!$2_2/^2%!PZ/.')!L)'8+3/2%Q!'2!#))/)!?#8+/)!3%!328.$T#T!32!#[2!PDQ6!

A9#!(#%+!?'.$#%!/L!Xnat!'2T!Xlab!')#!L/$2T!(Y!.#'%+!%[$')#!Z323Z3;'+3/2!/L!+9#!#))/)!

?#8+/)!w#x6!

&32'..Y0!/2.Y!+9)##!7>W!+)'2%3+3/2%!^#)#!%#.#8+#T!P\RF!l!RDD0!\\]!l!RDE!'2T!\\R!l!

RDJQ0!'88/)T32*!+/!+9#!)'2T/Z!#))/)!X)/X'*'+3/2!+9#/)Y0!+/!Z'_#!X/%%3(.#!+9#!

'XX.38'+3/2!/L!+93%!'.+#)2'+3?#!+#8923[$#!32!)/$+32#!Z$.+3,)#%3T$#!'2'.Y%3%6!

!

3.2. Optimization of chromatographic conditions 
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3.3. Solid-phase extraction 
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3.4. Method validation 
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