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ABSTRACT 

In this study, the determination methods of Malachite green (MG) and its 

metabolite Leucomalachite green (LMG) were developed by introducing the fast and easy 

sample preparation using microwave oven assisted in extraction and clean-up step. In the 

LC-MS/MS determination technique, Crystal violet (CV) was used as the internal standard, 

the analysis performed at the following ion pairs: MG 329.3/208.2, 329.3/313.1, LMG 

331.3/165.4, 331.3/239.3 and CV (internal standard) 372.21356.3. The quantitative analysis 

was the combination of standard addition method and internal standard calibration curve. 

I 




11 

\lll1,l~l'J'dl~wwnnlTIllfrn::~ MG ll~:: LMG Vf~'mJnl1,ll1,~ltlcil\l~~rhrllVn::l~l'J\l 1~~ 
f111lmnv1'El\lll:lJl1,~l ~\l ~ll'J nTH~11'J ~~l El cil\l~~.ffl1,~Ell1,~1I'Jll~::11~l~l1Jl1, l'lhmEllJl~lmllYJ 

'II 'II 

1l1,m1~n~lli!l::f1~l1,8~ lli!l::lLml::~ MG lL~:: LMG ~ll'Jl'Ylf1U\'1 LC-MS/MS ~~11f1'=5w;1i!li.l1m~~ 

(Crystal violet, CV) L11l1, internal standard ~ ion pairs ~\lif : MG 329.3/208.2, 329.3/313.1, 

LMG 331 .3/165.4, 331.3/239.3 ll~:: CV (internal standard) 372.2/356.3 llml:::~mmrn~ll'J 

lTI standard addition method il~nlJ internal standard calibration method llillml::~~nili 

YI~\l~Elm1mT~ilf111::~m~rli.mln1l1, ~llf1m~11f1~n1u f11~~~i.llm~~ ~11f1f11~111~i.l1m~~ 

~ml1\llU~~lJll~1::l~l'J\l L'lil1, Ui!ll n\l ~1El~nU~11'Jl'Ylf1Uf1 HPLC-DAD (multiwavelength), 
Q..; 6' A .... 4 A .... 

f1El~lJU'l5U~ Zorbax stable bond C18, 150 x 4.6 mm, 5 flm ~1EllJ guard column 'l5U~L'ill'JlnU 

mobile phase ~El ammonium acetate buffer (0.05 M, pH 4.5) Ll~:: acetonitrile lL~::1i gradient 
'" ., . 

Q..; CL.,..od.c.. ......... 'V ~ Q..; ~ 


elution mT~l~~11'Yl\l~'l5U~~1e:JlJnU'iIll'JlmEl\lml9)1~LllJU diode array detector (DAD) 'Yl 

'VI~ll'JmllJl'Jllf1~l1,l~LLri 618 nm (0.00-7.00 min), 585 nm (7.01-12.00 min), 265 nm (12.01

20.00 min) lLml::~U1mrn1~1'JEl11'11'J external calibration curve 'lleJ\l total MG (mmrn MG + 

LMG) Ll~::'lleJ\l total CV (mmrn cv + LCV) 
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ABSTRACT 

In this study, the determination methods of Malachite green (MG) and its metabolite 

Leucomalachite green (LMG) were developed by introducing the fast and easy sample 

preparation using microwave oven assisted in extraction and clean-up step. In the LC

MS/MS determination technique, Crystal violet (CV) was used as the internal standard, the 

analysis performed at the following ion pairs: MG 329.3/208.2, 329.3/313.1, LMG 

331 .3/165.4,331.3/239.3 and CV (internal standard) 372 .2/356.3. The quantitative analysis 

was the combination of standard addition method and internal standard calibration curve. In 

the HPLC-DAD (multi-wavelength) technique to determine Malachite green, Leucomalachite 

green, Crystal violet and Leucocrystal violet (LCV) simultaneously, this study used Zorbax 

stable bond C18 column , 150 x 4.6 mm, 5 flm with guard column, ammonium acetate buffer 

(0.05 M, pH 4.5) and acetonitrile as .mobile phase with gradient elution, diode array as 

detector at time-programmed multi-wavelength: 618 nm (0.00-7.00 min), 585 nm (7.01-12.00 

min), 265 nm (12.01-20.00 min). The quantitation method used the external calibration 

curve of the total MG (the amount of I'v1G + LMG) and the total CV (the amount of CV + 

LCV). 
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(Innovation for the improvement of food safety and food quality 

for new world economy) 
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.,.., I 

'lJ 'Y1 ~\(pHJ f) 

>11'Ul~tJil.'1~~~'Ul1TI-lbml::"':IJ1iinI.flGln1'U (Malachite green, MG) bb~::~llmn~;nlflGl 
n1'U (Leucomalachite green, LMG) Yr~'tl:IJn'U1'U~lm.h>1«~1,rlL'V'l1::L~tJ>1 1iiiI'l11:IJnmitl>1 

~ 

UJ.!'UtJl ~>1 ~l tJ nl'H~1tJ :IJ~l tl ~l>1~ii.ffml tl'U~l mL~::jl~L~h~'U. 1-llLmm/l:IJ11'l1nYl1'Umj~n~ 
~ 

Lb~::fl~'UerYl LL~::lLfljl::'" MG bb~:: LMG ~lm'Ylflil.fl LC-MS/MS ii~ljfl1~~~i.11m~~ (Crystal 
:"1 .,; ~ .J'

violet, CV) Lull. internal standard 'Yl ion pairs ~>1'U : MG 329.3/208 .2, 329 .3/313.1, LMG 

331.3/165.4, 331.3/239.3 LL~:: CV (internal standard) 372.21356 .3 lbml::"'m:lJ1ru,~ltJl]

standard addition method 11:IJn'lJ internal standard calibration method 
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ABSTRACT 

In this study, the determination methods of Malachite green (MG) and its 

metabolite Leucomalachite green (LMG) were developed by introducing the fast and easy 

sample preparation using microwave oven assisted in extraction and clean-up step. In the 

LC-MS/MS determination technique, Crystal violet (CV) was used as the internal standard, 

the analysis performed at the following ion pairs: MG 329 .3/208.2, 329.3/313.1, LMG 

331.3/165.4, 331 .3/239.3 and CV (internal standard) 372 .21356.3 . The quantitative analysis 

was the combination of standard addition method and internal standard calibration curve. 
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UYl'Yl 1 

U'Yll-b 

malachite green (MG) ll~:; crystal violet (CV) dJ"H~THf1~~Lm~mm~Lyjl:;Lilh'lff<ill
'IJ 

JlUl,'J~lU\bm1ilumJLyjl::L~tJ,'jU~lL~El1Jeh'ln\m~::1m~nhf1~di<il,;)lm~ml ,;)~WYl1rJ UI~<iI, 
LL~::luJlwn11uJl ~,'JlUUf11lm'lYlh~l3Jnn~€},'J L~€},'J,;)lmnJ~>'ln~llhil~1UElU.rul<il1Vllilu. 

'IJ , ~ 

t:-I~<ililCU-ntllVllJL~€},'j,;)lntll';)ri El1 Vi'ln<ilr)'u.<ilJltJ ~ El~U111lf11~ 
. 'IJ 

H 

rnal achi te green (M G) crystal violet (CV) 

H 

leucomalachite green (L M G) I eucocrystal viol et (L CV ) 

')tl~ 1.1 lm,'j~fl,'jiJ€},'j malachite green, crystal violet , leucomalachite green lL~:: 
OJ 

leucocrystal violet 
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MG Llr:l::: CV dJ'U.~ld~ ,)~ El cil'U.n~:IJ N-methylated triphenylmethane 1.2 dJ'U~ld~ ~ 
'IJ , 

3 
fl l 1 :lJl U'U. Y1 ~ff-J \9i eJ i<lllL ~ tJ-J ~ mh tJ'U.:lJ bl n<ll ~.]Ul~~1 tJ r..Jl 'U.'Y11-J n d::: LLffJl t~ tJrn:IJ L 'JJl ~ 

'lJ 'lJ 'lJ 'lJ 'lJ 

Ld'mneJ LdEl~n1dff:::~:lJffldL~~ldlmJ1:1Jlrn~~-J m~;111~\n~Hu'U.L<n~~:IJ::L1-J'l~ 3-7 ~-J~'U 

1'U.U f'U'I .1978 lh:::L 'Yl1'I~W~'~ElL1J1n1~-JfllUfI:lJmd1i MG eJ cil-JL 'JJ1J-Jl~ LLii1::eJ'U.1m till ~1i 
.u ~ ~ u 

LQ vn:::m,b tJ-Jl'UL ~l:::L~tJ-J L~ EllL ~i~mfLi'h~'U. lh:::L 'Yl1'l1 'Un~m~~Jll~ tJ t dtJll,jEl'U.rultill~li 
II 'I ct " ctJ 

L'ri'Un'U. 
~ QJ ~ .... Q..O 5"" 

d:::UUn1dLtileJ'\.l,mm'U.mEl1~ldLl~:::eJl~ldff<lll (Rapid Alert System for Food and 

Feed: RASFF) 'lJEl-Jff~Jll~tJ,htJ (European Union, EU) l~LL~-JL~El'\.l,n-Jmdml~~U MG, 

CV, LMG Ll~::: LCV 1'\.l,Ld'EltJ1illLLilwjJ-J~~LU'\.l,~'\.l,f11~~e)Eln~lntJd::L'YlI'I\9i1-J ') ~~dlt1~:::L~h.J~l'U. 

<Illdl-JYi 1-1 '\.l,umnnd Commission Regulation No. 2002/657/EC l~nTVm<ll minimum 

required performance limit (MRPL) ~1~1umd~ltJ1:1Jlrn MG LLii1::: LMG ~tilnf11-JLU'\.l, 2 

~g/kg 6-B tJd:::L'YlI'I'l'YltJ~-J~tl-J~iTIn1dtildl~l<1ltJ11Jlrn'lJEl-J MG LLii1:: CV ~~nf11-Jhud'tltJ~1 

L~ElfllUfI:IJ'lJJ1~~'\.l,f11~-JElElmJEl-JlmJ~ MG LL~::: CV ~nf11-J L~mu'U;tJd:::ttJ"1nr'Yll-JLl'!d~~n'iJ, ~ 

l'U.~1'Unld~-JtlEln~'U.f11 

l'U.El~til'iJ:::~mdiLfldl:::~LQ~l:::m:lJlrn'lJtl-J MG LL~::: CV ~Cilnf11-Jl'\.l,L-dEltJ1illL'Yh~'U 
\9ieJ:IJlner~n~l~u "h LdEl MG Ll1il::: CV L'Jll ~Ld'm~tl'lJEl-JtJ~l 'iJ:::Ln<llL:lJLL'YlUEl~rn:IJ n1illr.JLU'U 

'lJ 'IJ 

leucomalachite green (LMG) LL~::: leucocrystal violet (LCV) m:IJGh~u2-7 ;111~ml~lJJ~u 

MG LL~::: CV LL\9iLdEl~mdCildl'iJl<1lm:lJlrn LMG Llii1::: LCV ~L~:lJll,jl~tildl';)iLml:::~ ~urh~ 
LMG LL~::: LCV Cilnf11-Jl'\.l,LdeJtJ~1 ;111~Ln<llfll1:1Jl~tJ~ltJl'U.~1'U.md~-JtlEln ~-J~'U~-Jflld~ 
n1d~~'UliTILtil1tJ:IJ ilEl cil-JLLii1:::iTIiLml:::~~ L~:IJl:::~:IJ ~1~1umd~ltJ11Jl rnffld~-J 4 'J:IU~~ 
tilmll-Jl'U.Ld'EltJ~l ttiltJliLflifl-J high performance liquid chromatograph (HPLC) ~~tlcil'U 

'lJ 

~El-JtJnU~mdiLml:::~LL~:::'Yl~ ffElUtllV11dt~ tJrrlltJ 

http:LLii1::eJ'U.1m
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Iill11\1l1 1.1 nT'mi\lL~e)'"n\ln1JGlJl~'V'lU MG, CV, LMG m~:: LCV 1"L'dmJIi11bL'riwii\l~ln 

1..h::LYI\I!(J)l\16) "lJe:J\lJ::UUn1JL~e:JU.n1J~Uf11e:JllnJLLIi1::e:Jl'VilJffGll (Rapid Alert System for 

Food and Feed: RASFF) "lJtl\lL'1''Vi111'V'l1Jh1.J
• 

Date Notified by Reason for Notifying Country of origin 

03/01/2006 Spain Unauthorized substance leucomalachite green in frozen fillets Vietnam 

of pangasius 

19/01/2006 United Unauthorized substance leucomalachite green in frozen catfish Indonesia 

Kingdom 

24/01/2006 Spain Unauthorized substance leucomalachite green in frozen Vietnam 

pangasius fill ets 

14/02/2006 Poland Unauthorized substance cry tal violet and leucomalachite green Indonesia 

in frozen gulled eel 

14/02/2006 Poland Unauthorized substance leucomalachite green in frozen gutted China 

eel 

27/03/2006 United Unauthorized substance leucomalachite green in frozen Vietnam 

Kingdom Mekong catfish slices 

07/04/2006 Poland Unauthorized substance leucomalachite green in frozen panga Vietnam 

fillets 

18/04/2006 Greece Unauthorized substance leucomalachite green in frozen Vietnam 

pangasius fillets 

01/05/2006 Belgium Unauthorized substance leucomalachite green in frozen fillets Vietnam 

of pangasius hypophthalmus 

17/07/2006 Poland Unauthorized substance crystal violet and leucomalachite Indonesia 

green in eel 

17/07/2006 Poland Unauthorized substance malachite green, crystal , violet, Indonesia 

leucomalachite green in frozen gutted eel 

17107/2006 Poland Unauthorized substance crystal violet in frozen gutted eel Indonesia 

24107/2006 Poland Unauthorized substance leucomalachite green in frozen gutted Indonesia 

eel 

2410712006 Poland Unauthorized substance leucomalachite green in frozen gulled Indonesia 

eel 

18/08/2006 Poland Unauthorized substance malachite green and leucomalachite Indonesia 

green in frozen gulled eel 

18/08/2006 Poland Unauthorized substance malachite green and leucomalachite Indonesia 

green in frozen gulled eel 

27/09/2006 Greece Unauthorized substance malachite green and leucomalachite Vietnam 

green in frozen gulled eel 

12/12/2006 United Unauthorized substance crystal violet in frozen salmon Thailand 

Kingdom skewers 

23/01/2007 Spain Unauthorized substance malachite green in trout Spain 

08/03/2007 Denmark Unauthorized substance leucomalachite green in eel China via Poland 
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.. 
A. A Q...oo .c:::( q q...

1.2 G'(CIJCIJ @l~l'l-UL~~\ll'l-l""l~HJm n ~d'lHh'l... 
MG, CV, LMG LLi.'1:: LCV ~lm,1ftfl,1"lJ1),11mi:1ni.'1fl~lfJfl~,1ntl, ('itl~ 1.1) MG LLi.'1:: 

~ ~ 

CV LUtl,ftl'i~~.ffl LLi.'1::~~ ~,1 ftl:1J1'in~~n~tl,LLft,11W1l1,11~dJi:1L~ 1~ fJ~::~~n~tl,LLft,1~flll:JJ 
~ ~ 

rJ11fl~tl, 618 LLi.'1:: 585 nm ~1:JJ~1~1.12 Gil,1~ln LMG LLi:1:: LCV ~,1LUtl,ftl'i~hl~.fflLL~::lJJi1 
2 ~ ~,1~~n~tl,LLft,1L~1tl,'ril,15i.'1~'illJlmi.'1~~flll:JJfJl1fl~tl, 265 nm m'jlLfl 'il::lfftl'i~,1~1i 

~ 

L~'\"jf1):JJntl,1tl,m'ilLml::lffl#~L~fJl ~lm'YlflUfl HPLC l~fJ~Lfl~1)~ml~l~LLlJlJ diode array 

(diode array detector, DAD) ~,1e:J1~'r11L~1~fJm'i~,11tl'iLLm:JJ1iLfl~1)~ml~1~~fllflll:IJrJ11 
fl~tl,~i:11fJfll (multi-wavelength) LLi:1::~lnftnl'\"j~·ffl~LL~mil,1ntl,"lJ 1),1 ftl'iL mhd' m'iL~ 1)n1i 
Ly.jftLfl~1)tl,~ (mobile phase) ~tl'i::neJlJ~lfJ~1'r11i:1::i.'11tl 2 "15U~~~.fflGil,1nlt 1tl,ff~~llt~ 
mm::ft:IJnlJ ftl'iLLGi~::"15U~ (gradient elution) 1)1~'r111i ftl:1J1'imLfJnftl'i~,1~1~1) cil~ft:JJlJ'irn 

~ 

U~~Ultm'ilLfl'il::lftl1:IJlru. MG, CV, LMG LL~:: LCV ~~m)1,11)ci1tl,L'd1)tl~1 ~llt 
~ ~ 

1'V\qj1iL'YlflUfl liquid chromatography/tandem mass spectrometry (LC-MS/MS) ~,1~1),J1i 
Lfl~ 1)~ ~ 1) ~ ii'ilfll LL '\"j ~ 2.4.6,7 ~ ~ Bl~ ~~ LL 1J i:1,1 :lJl1iL 'Ylfl Ufl HPLC fi ii L fl1 fl~ ~ 'il~ 1~ LLlJ lJ 

5i.'1~'ilblmi:1~-l~LUi:1 (UV-VIS) ~~ii'ilmnnn'"h LLGidiB"~lm'YlflUfl HPLC-VIS ~ml:IJb 
~ 

(sensitivity) ~lnl1L 'YlflUfl LC-MS/MS hml'ilLfl'il::lfftl'im:JJl ru.,x1) fJ~"-;(]lLUlt~1)"~n1'i 

tl11J vA:JJ flll:JJ L"JJmilt (preconcentration) LL i:1::i:1 ~ m 'i'ilJ nllt~l nL:JJYl1n 'l1~1 tllITfl ~tl,5'\"j 

(clean up) ~L'V\:IJ1::ft:IJ ~"m'i1i solid-phase extraction (SPE) Lyj1)fl~lt5'\"ji.1'l:1J1'in'r11L~ 

ft::mmLi.'1::n~L11 

1 :;'1 3 VI '""" .. tl=ltu fl.fl. 1997 Rushing LLi:1:: Thompson b~lLfl'il::'V\'V\l 'i:lJ1ru. MG, gentian violet 

(GV), leucogentian violet (LGV) LLi:1:: LMG 1ltdt1)tli:11~mLi:1::1J~lLYlfl'vll~rJ1iL'YlflUfl, 
HPLC-VIS fl~tl,5'\"j~lrJ neutral alumina LL~:: propylsulfonic acid cation-exchange solid 

phase extraction cartridges LLi:1::1i short-chain deactivated (SCD) reversed-phase 

column (i .d. 250 x 4.6 mm) ~Gi~~lrJ post-column reactor Lyj1)1)eJn:nL~bf LMG LLi:1:: LGV 

~,1LUtl,ftl'i~lJJ~~1iL1J~rJtl,dJtl,ftl'i~~~~eJ MG LLi:1:: GV m:IJ~l~lJ LtlflfL.n'U.~m'iL~ 

n~lJ~'U. (% recovery) "lJeJ,1 LMG, MG, LGV LLi:1:: GV ~flll:JJL"JJ:IJ'lrtl, 10 ~g/kg 1tl,Lii'B1Jfn~n 
~ 

iifllL'YilnlJ 75.4 ± 3.0,61.3 ± 4.1,72.6 ± 3.7 LL~:: 87.9 ± 2.5 (n =4) 1tl,Li'tBtli:11L'Yl11 rl~ 
fllL'Yilnu 82.6 ± 2.3, 48.6 ± 1.8, 72.1 ± 2.1 LLi:1:: 83.8 ± 4.6 (n =4) 

1tl,TI fl .fl . 1998 Tarbin LLi:1::fl ru.:: 
2 L~Lfttl,B1ITm'iftn~ LLi:1::fl~tl,5'\"jLyj 1)1 Lfldl::lfmm ru. 

malachite green LLi.'1:: crystal violet LL~:: metabolites (Ieucomalachite green LLi:1:: 

leucocrystal violet) 1m-d'Btli.'11LYlflrl LL~::ml~lLfldl::lfLLlJlJ screening ~lm'YlflUfl HPLC

visible ml~U'U,rTtl,~lm'YlflUfl LC-MS (ESP-MS) 1~fJ1iflB~m!"lJ1),J lead(IV) oxide ~1'V\11.1 

on-line oxidation Lyjm1J~fJ'U, LMG LLi:1:: LCV LU'U. MG LLi.'1:: CV ~l:IJ~l~lJ riEl'U.L"JJlml~l~ 

http:1:JJ~1~1.12
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~l LI visible detector n1j~hfrn::~~J::!lllJ 2 Ilg/kg lj L U El1L-tl'U.G1n1jl~n ~lJ~'U. (recovery) Elci 
'U 

1 WIll\l 66-116% llt:l::filld L1\lL lJ'U.aJ1m~l'U.~aJ~'Yl1j (RSD) ljfill 'YilnlJ 1-17% ~lumJml-;) 

thHJ'U.~lm'YlflUfl LC-MS (ESP-MS) lj recovery ElcilWIh" 61-94% ll~:: RSD 4-15% 
'U . 

l'U.u fl .f'! . 2003 Bergwerff ll~:: Scherpenisse 4 l~ll;mEliTI~n~ MG -;)lmUElU~l 
" lvn::l~L1\l~lLl Mcilvaine buffer (pH 3.0) - acetonitrile Ll~::"blUfl~'U.erVl~lLl aromatic 

sulfonic acid solid-phase extraction column 'V\~\l-;)lmrmbluiLml ::~~lll HPLC VI~El 
liquid chromatography/ tandem mass spectrometry 'll"U~ electrospray ionization (LC-ESI

MS-MS) ljmjL~:IJ ascorbic acid ll~:: N,N,N',N',-tetramethyl-1 A-phenylenediamine 

dihydrochloride LyjEl~~ de-methylation 'lH)" MG LLc:l::rJ\lfl"li Pb02 post-column oxidation 

riEl'U.~!lllElcil\l-;)::Lil~ visible detector (620 nm) 'V\~El LC-MS/MS 1~L11i multiple reaction 
'U 

monitoring (MRM) mode ~laJ1Jn~Jl-;)iLTljl::~ MG VI~El LMG ~J::!lllJ 2.5-2000 Ilg/kg h 
catfish, eel, rainbow trout, salmon, tropical prawn, turbot l~L1lj detection limit 1 Ilg/kg 

~l'V\~lJ HPLC llc:l:: 0.2Ilg/kg ~l'V\~lJ LC-MS/MS lj recovery 'lJEl\l LMG L'YilnlJ 86 + 15% 

~l'V\~lJfl\l ll~:: 105 + 14% ~l'V\~lJU~ll'V\c:l 'U.Eln-;)lnii'rJ\ll~J1Ll\l1'U.llmJlL'ril~ElmliJ\lll~::• 
c:l::c:llLl nljlnlJL1~mu.'V\lliJ 4°C ll~:: _20°C lj(;.J~m::'YllJ~e:J recovery 'lJEl\l MG Ll~:: LMG 

• 'U 

1'U.U fl. f'! . 2005 Scherpenisse llc:l:: Bergwerff 6 L~l~UtliTI'V\lU1aJ1 ru, LMG 1'U.l'd'El 

lJc:llL nh'r'1Llc:l::llVl'U.mL6fitJ~~lm 'YlflUfl LC-MS/MS l~L1~n~lUe:JUc:ll~l!J Mcilvaine buffer-
t. 

acetonitrile LL~lfl~'U.erVl~lL1 aromatic sulfonic solid phase extraction column ,nn'U.'U. 

lU~L1U LMG lVi'LiJ'U. MG 1~L1 post-column oxidation ~1£J Pb02 ll~::imn::~U1aJ1ru,~lLl 

LC-MS/MS l~£Jli multiple reaction monitoring (MRM) mode (m/z 329 ---7 m/z 313) 

detection limit = 0.11 Ilg/kg quantification limit = 0.18 fig/kg Ll~:: recovery = 66% 'Yl '" 
GJ a. '-' . 

J::~lJ 0.4 fig/kg ll~:: 112% 'Ylj::~lJ 0.1 fig/kg 

1 'U.U l~ L11 fl'U. ii' Valle Ll~::mu.:: 7 1~~~'U.liTImJ'V\lu1:1Jl ru,'lJ El\l MG LLCl:: LMG l'U.L UEl 

Uc:llll'1lc:l:IJe:J'U.l~!Jli oxidative pre-column lU~!J'U. LMG lVi'LiJU MG rie:Ju~-;)::ml-;)1~U1:1Jlru, 
l ~m 'YlflUfl liquid ' chromatography-atmospheric pressure chemical ionization mass, 

spectrometry (LC-APCI-MS) recovery 'lJEl\l MG ll~:: LMG 1'U.LUe:JUc:llll'1l~:l.,lEluljfill'YhnlJ 

85 % LL~:: 70 % m:IJ~l!lllJ (Vi 2 fig/kg) fil RSD 'lJ El" LMG llc:l:: MG iJfill 'YhnlJ 1.3 % llc:l:: 

3.1 % ~l:IJ~l~lJ 

UEl n-;) l nit Mitrowska Llc:l::mu.:: 11 l~1il 'YlflUTI liquid chromatography-visible/ 

fluorescence detection 1Un1J'V\lU1:1Jlru, MG llc:l:: LMG 1'U.drtlUc:llTljl~'r'1 t~£J'l-tlLii'tlU~l 
:IJl ~n~ ~l!J acetonitrile-buffer mixture llc:l:: dichloromethane fl~UerVl~l£J SCX solid 

phase extraction column ll~::ilfljl::~~l£J HPLC 1~L1laJ1i Pb02 post column ~Jl-;)l~ 

http:El1L-tl'U.G1
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MG <3l1L1 visible (620 nm) ll~::<lrn~lCil LMG <3l1L1 FLO (A = 265 nm LLfl:: A =360 nm) ex. em 

MG LL~:: LMG flfilL'YilrlU 62 .8 % LL~:: 91 .5 % Cil11J~l!i1U (fi 2119/kg) fil RSO 'lJf)\l MG 

LL~ :: LMG flfilL'YilrlU 8.8 % LL~:: 6.1 % m1J~l!i1u lTId'l'lX recovery <#\lLL'li 60A-63.5% ~ 
1::!i1mnl1lL'JJ1l'lJtl. 0.5 , 1, LL~:: 2 }lg/kg ~l'V\1U MG LL~:: 89.0-91 .5% ~1'V111J LMG iifil 

RSO b'yilrlu 10.9 bl~:: 8.6% Cill1J~l!i1u detection limit L'Yilnu 0.15 bb~:: 0.13 }lg/kg LL~:: 

quantification limit Lrilrlu 0.37 LL~:: 0.32 }lg/kg ~1'V11U MG bL~:: LMG Cill1J~l!i1U <ll\l 

LUUlUCil11J minimum required performance limit (MRPL) 2 }lg/kg 

luu fl.l'!. 2006 Lee LL~::mu.::121.<3lL~Uf)iTI'VI1U~1Jlrn MG ll~:: LMG luLi'm~nu1.~ 

'lJf)\lLd'f)U~l'Ylf)\l<3l'H.JiTI liquid chromatography-ion trap mass spectrometry lCilLllib'YlflUfl 

"time segment" LL~::fl atrazine-d5 bUU internal standard nTmnCil MG bL~:: LMG illlCilLIli 

perchloric acid bb~:: acetonitrile m1J<3l1L1 dichloromethane fl~u5'V'l<3l1U Strata-x polymeric 

solid-phase extraction column 1::UU HPLC ~el reversed-phase, gradient mode bb~:: 

~')U MS/MS bUULbUU multiple-reaction-monitoring, positive ESI-MS linearity 'lJf)\l matrix 

calibration curve 8cllwril\l 5-500 ng/mL ~1'V11U MG bL~:: 1-100 ng/mL ~1'V11U LMG 
'U , 

recovery flfil~lnn-h 71 % ~1'V11U MG fi1::~U 2, 10, 30 ng/g LL~::1l1nn'h 89% ~1'V11U 

LMG fi1::!i1u OA, 2, 6 ng/g RSO l.lJdlu 8% detection limit b'Yilnu 0.13 ng/g ~1'V11U 

MG bL~:: 0.06 ng/g ~1'V11U LMG 

13 VI ...... 1 . I " .. '" = Halme LL~::mu,:: bCillbml::'VI MG LL~:: LMG UuG'nL'Yl11'YlCil1L1L'Ylfltl.fl LC-MS/MS, 

positive-ion electrospray lmJli LMG-05 dJU internal standard lUn111Lfl'n::~ LMG LW:: 

brilliant green (8G) LUU internal standard lUn11ibfldl::~ MG udln:D';h1.~ recovery f)~ 

hi1\) 58-65% (RSO = 7.8-11 .2%) ~1'V11U MG LL~:: 59-68% (RSO = 9.7-16.9%) ~1'V11U 

LMG Lb~:: detection limit L'YilrlU 0.13 LL~:: 0.16 }lg/kg ~1'V11U MG Lb~:: LMG m:lJ~l!i1'lJ 

Li')u quantification limit L'Yilnu 0.22 Lbfl:: 0.27 }lg/kg Cil1:lJ~l!i1U 

" " o '" 
UIL'V'lI::L~L1\) 

2. 0~Ul1TI1Lml::~m1l1rn MG LL~:: LMG ~Cilnf11\)1tl.~Cill"hb'V'l1::b~L1\) 

1.4 lh:;L£J'lf"YiAT(Pl-ll;;):;1~-rlJ 

1. l.mTIiLwn::~ MG bb~:: LMG ~Cilnf1'\llu~CjllJ'L'V'll::L~L1\)~nn<3lf)\) ~::Cil1n 
'U 

http:UuG'nL'Yl11'YlCil1L1L'Ylfltl.fl
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, 
A 

'U'Yl'Yl 2 

nl1<Yl11~~h~11~.Jt111(jJ1Gll1~ fYi'n1"UtGl~t(jJ <Yl~'U £)lGlfYi'~ht~(jJ1Gll1~fYi'n1U<Yl n ~1\l 
IV ... 

1"~<Yl1"bt""1~t~tJ\l~lm'Yl~,"~ LC-MS/MS 

2.1 nl1'YlIPlGl£)\l 
~ 0..... Q, 4'" "" .c:trr.

2.1.1 	 nl~VllG't1l11::YlLVl3J1::G't3JG'tlV1'nJnl,)lL"',)1::VI~lm'YI"'"'" LC-MSIMS 

,;)In'lJEl1Jf1 iITilfl11::~ ~f1nT~iLml::~ ~T1Ufll1,;)lnHlmnwh\l ")'JJ1\1Cll''U, l.~ltl1.U~nl',l
'U 	 'U 

A 6"- .J" 
11\lll~mnl11lml::VI~\lU 

Q..o A.c:tA 6' 
VI G'l n n1~~Hh'l11l1l"'~1::VI 

ilml::~Vllmmrn MG LL1:l:: LMG ~ll'JL'YlflUfl LC-MS/MS, ESI-positive ion MRM 1m] 

1i crystal violet (CV) dJU internal standard 

G'tllYJ::YlLVl3Jl::G't3J~th' LC-MSIMS"" 
ttl MG, LMG, LL1:l:: . CV standards m tune lfl1El\l LC-I\/1S/MS L~ElVll optimum 

conditions 1umJiLml::~ 

2.1.2 	 nl,)l(.91~U3J(,huUl"lyju(.91,)1;)iL"',)1::lfu~3Jlm MG, LMG (.91n~l"l,.uitu'lhn~hu 

L't1"''"'" LC-MSIMS (sample extraction and clean-up) 

lC;)'YhmJ'Yl~[;l El\ll ~ El'VIliITmjL~1tJ1J<il1 El th\l~l'VIlJl::~1J 1~ tJ El El n llUUmjl~1rJ1J<illEllh>'! 

'Yl~~Eluwn1Jhl~1~tmljlG11tJlJ spiked sample ~j::<ilu 5, 100, · 500 ppb j::<ilU1:l:: 3 'lh 
~llU'U,mjilml::~ml3J1ilC;)'lJ8\1iIT~,;)1',lrnl,;)lmh % recovery LL[;l:: % RSD <illmJl\1 ~f) Ul:ll 

r1U~1J ~\lLtJUU[;llLirJ\I LL1:l::~flll1JLtJulul~umj~';)::1i malachite green 1~1u1i8U(;l1 

. 
lfiYi 1 (E1) L(.91~~:IJ<?lluUl"~d~nl')G'tn(.91~l~ 5% TCA 

~U'VI1flU~ L ttElU ~11'\K~::L~ tJ~YH)Uj::m ru.1'U, food blender 

lL1i\li\lilllElcil\1~:: 2.00 + 0.01 g 1~1U'lJl~ 40 mL clear glass vial 

tJlU~ TCA 5% 1~~\llU 2.00 mL 

Homogenize Ylflll1Jl111ElU 24000 rpm LiJUL1~lflt\lt'l:: 10 iU1Yl ~1ti,1'U, 3 flt>'! 
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Centrifuge ~~1l:1Jl11 4400 rpm dJUL1~1 5 m-tl 

li Pasteur pipet 1il~L'f"'ntl~ mEhH-iTu. 0.45 )lm syringe filter ~~lu HPLC vial 
'U 

d ,:::i .....Cl..; I 

llil'n-nJ spiked sample 'r11:::IilU 5, 100, 500 ppb j:::<l1U~::: 3 <ill lV1tl'r1lil~tlulfimj 

lIil1mJ<l11mh~ 

, 
Aq~ q ~ I g.... a..,.. g,...o 'i.J 

1DYI 2 (E2) l@l'W3J@l1mJ1\11Pl1l:Jn1'H'fn!Pl~nl:J milli Q HP @l13J!Pl1t1 Acetonitrile 

~u'V\1tlulilldm_hnli[;l:::L~LJlilwm.h:::mrnlu food blender 

llU\li~<l11tlcil~[;l::: 2.00 + 0.01 g lL'fht"JJ11il 40 mL clear glass vial 

UVUIil milliQ H20 1.00 mL lL'f[;l\lltJ 

UltJlil acetonitrile 7.00 mL lL'f[;l\lltJ 

Homogenize ~ml:1Jl11jtlU 24000 rpm lUUn[;llflf~[;l::: 10 l'Ul-tl ~lUl'U 3 ~f~ 
Centrifuge ~ml:1Jl11 4400 rpm dJ'Ul1i,n 5 'U1-tl 

li autopipet 1il1ilL'f1ul~m 4.00 mL l~lu vial ~nlu'V\rt~ 
'U 

Purge <l11LJ N2 ';)umX~ 


~:::~1t11'V\Jj~1LJ 0.2 M NH40Ac 1.00 mL (~ltlmjUltJlil) 


mu~(;,hu 0.45 11m syringe filter iilJlu HPLC vial tJj:::mrn 1 mL 

0::::.1 ~ _ '" • 

lmmJ spiked sample Y1j:::IilU 5, 100, 500 ppb j:::<l1U[;l::: 3 6J11 LV1uYlIil~uU1TIn1j 

l1il1mJ~1 El U1J 

A.c:(,:::t .c:( IV I t.J Q"" C}J i,.J 

1D'Yl 3 (E3) L@l'W3J@l'HHJ1\1!Pl'Wnl'lilfnlPl<P11t1 5% TCA @ll3J<P1'lti Acetonitrile 

~U'V\1uUlilldEltJLr,liiil:::l~LJCilWEltJj:::mrnlu food blender 

UU\li\l~lElcilJ~::: 2.00 ~ 0.01 g lL'flu"JJ1Cil 40 mL clear glass vial 

UlUCil TCA 5% lL'f~\llU 2.00 mL, vortex-mixed 

ULUCil acetonitrile 6.00 mL lL'f~\llU 

Homogenize ~ml:1Jl111ElU 24000 rpm lUUn~lflf\l~::: 10 lmii :il1U1U 3 flf\l 

Centrifuge ~m1JJL11 4400 rpm dJUn~l 5 U1-tl 

li autopipet Cil~L'flUl~Jj1 4.00 mL lL'flU vial ~nlu'V\rt\l 
'U 

Purge ~ltl N2 ,;)'ULLiKJ 

~:::!.'llt1h:U~ltJ 0.05 M NH4 0Ac pH 4.5 : Acetonitrile (1:1) mmCil1 1.00 mL (~lLJ 

n11uaJCil), vortex-mixed 

mEh'H·hu 0.45 11m syringe filter ~\llU HPLC vial Uj:::mrn 1 mL 
, ... , 

LCil1tJJJ spiked sample -tlj:::<l1U 5, 10, 20 ppb j:::<l1Uiil::: 3 6J11 LV1ElYlCil~ElU1TIn1j 



10 

15'11 4 (E4) t(1)';jtl3Jm"H)~l\1~"H.Jn1)C{n~~ltl 5% TCA <nl3J~ltl Acetonitrile ttlil::; N2 purge vi 
50 DC 

~U'V\1ElU~ldmJi.'n1,xiil::l~ tJ~'V'lEl1.b::mrn1U food blender 

UU\!i\!G1JElcil\!~:: 2.00 ::!:. 0.01 g 1~hl."lJl~ 40 mL clear glass vial 

th1.J~ TCA 5% 1~iil,,11.J 2.00 mL, vortex-mixed 

thl.l~ acetonitrile 6.00 mL 1~iil,,11.J 

Homogenize ~flll ~ l111ElU 24000 rpm dJ'U.lliillflf\!iil:: 10 l'U.l Yi ~1'U.1U 3 flf\! 

Centrifuge ~flllJJl11 4400 rpm LUuniill 5 U1Yi 

1-5 autopipet ~~~lu1f.'fm 4.00 mL 1~1u vial ~n1u'V\rt\! 
'lJ 

Purge ~lrJ N2 1u water bath ~ 40-50 DC ';lum·:;'" 

~::~lrJ1'V\:1j~lrJ 0.05 M NH40Ac pH 4.5 : Acetonitrile (1 :1) mJJlGlj 1.00 mL (~lfJ 

m1iJLl.l~), vortex-mixed 

nJEl,!t·hu 0.45 ~m syringe filter ~,,1u HPLC vial 1.l1::mrn 1 mL . ... . 
L~1rJ~ spiked sample Yi1::G1U 5, 10, 20 ppb 1::G1Uiil:: 3 -ill LWEl'Yl~f.'fElu1TImj 

L~1rJ~G11Elcil\! 

A~c:t .:::t a.,.. I g,; CLJ q,... a..,.. 0 

1fl'Yl 5 (E5) L<n";itl3J(1)1utll\1~ltln1)G1In(1)~ltl<nl'Yll~::;~ltl~G1I3J Ammonium acetate buffer 

pH 4.5 : Acetonitrile (1:1) 


~U'V\1ElU~LdEll.l~11,xiil::L~ fJ~'V'lC)1.l1::mrn1 u food blender 


LLu"i"G1Jf)cil\!~:: 2.00 ::!:. 0.01 g 1~1U"lJl~ 40 mL clear glass vial 


UL'U Gl 0.05 M NH40Ac pH 4.5 : Acetonitrile (1 :3) mm~l 8.00 mL 1~~"lt.l, 


vortex-mixed 


Homogenize ~flJlm111ElU 24000 rpm LUun~lflf,,~:: 10 lU1Yi ~lU1U 3 flf" 


Centrifuge ~flJ1JJL1J 4400 rpm LUun~n 5 UlYi 


1-5 autopipet ~ Gl ~lu1f.'fm 4.00 mL 1~1u vial ~n1u'V\rt" 

'U 

Purge ~JrJ N2 1u water bath ~ 40-50 °c -;UULLi\! 

t'1:: !;nrJ1'V\:1j ~lrJ 0.05 M NH40Ac pH 4.5 : Acetonitrile (1 :1) mJJlm 1.00 mL (~lrJ 

nTitht.l ~ ), vortex-mixed 

mEl" ~lU 0.45 ~m syringe filter ~,,1u HPLC vial 1.l1::mrn 1 mL 
". . 

L~1m.J spiked sample Yi1::<l1U 5, 10, 20 ppb 1::G1U~:: 3 -ill LWEl'Yl~f.'fau1TIm1 

l~1 rJ~<l11 a~l" 
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. 
ct Q..,. I ~ CL..o q,... a,... 0"''''''' 'l15'Yl 6 (E6) L01'HJ3J O1'lfH.I1\101'l ICI nl1i1fn01~n 1CI00'l'Yll~:::~1 tJ ~ilf3J Ammonium acetate 

"" flbuffer pH 4.5: Acetonitrile (1 :3) n~:::L013J Crystal Violet (CV) lu\t internal 

standard 

~U'V\1ElU<ill itm.hn1~~::l~tJ<iI'VH:)1.h::mrnlU food blender 

lLtl~i~<il1mh~~:: 2.00 .:!:. 0.01 g 1(.'{1'\.l,'1J1<i1 40 mL clear glass vial 

thu(j) 0.05 M NH40Ac pH 4.5 : Acetonitrile (1 :3) u'1mm 8.00 mL 1(.'{~"ltJ. 

vortex-mixed 

Homogenize ~m11.Jl~11ElU 24000 rpm LUUl1~lf)r~r:1::: 10 lmYi -;)lU1'U, 3 fir" 

U(j)Uln'lJ1<i1~1£J parafilm LL~1 incubate ~1mJL'lJ!.hYifl11m~1 500 rpm fi 

Elrn'V\[liJ~El" LUUl1~l 15 U1Yi 
, 'U 

Centrifuge ~fll11.JL~1 4400 rpm LUUl1,n 10 U1Yi 


1'11 autopipet <iI<iI(.'{1u1~m 4.00 mL 1(.'{lu vial 5nlu'V\it~ 

\I 

Purge ~1£J N2 ~ULl~" 


l~1.J 50 f.lL 'lJEl~ 100 ppb crystal violet (CV) tvimuu 5 ppb internal standard llr:1:: 


L~1.J 950 f.lL 0.05 M NH4 0Ac pH 4.5 : Acetonitrile (1 :1). vortex-mixed 


n1El,H,hU 0.45 f.lm syringe filter r:1"lu HPLC vial U1::mrn 1 mL 

. .., . 

L(j)1£J1.J spiked sample Yi1::<ilU 1. 2. 3, 5 ppb J::~Ur:1:: 5 oill L-WEl't'l<il~ElU1TIn11 

,.::fI Cl..o • 'i.I a,.... i,..t Q,J 0"""'''' 'l15'Yl 7 (E7) l0111C13J01'lillCll\101'l ICI nl1i1fn0101'l tJ01'l'Yll~:::~l tJ ~ilf3J Ammonium acetate 

buffer pH 4.5 : Acetonitrile (1:3) u~:::1-lil011il1J13Jr~1n...J·lhtJlunl1i1fn01 t&i:JJ 

Crystal violet (CV) LtJU internal standard 

~U'V\1mJ(j)LitElUr:1l1~r:1::L~£J(j)~Elu1::mrn1U food blender 

LLtl~i~<il1mh~r:1:: 2.00 .:!:. 0.01 g 1~lU'lJ1(j) 40 mL clear glass vial 

ULU(j) 0.05 M NH40Ac pH 4.5 : Acetonitrile (1 :3) mm!llj 8.00 mL l~r:1"lU, 

vortex-mixed 

Homogenize ~fll11.JL11JElU 24000 rpm LUUL1r:11f1r"r:1:: 10 lU1fi ~lU1U 3 flr~ 
U(j)Uln'lJ1<i1~1£J parafilm Elcil1~~U't'l (partially covered) Ll~1,blu1(.'{htl<il1ElU 

l1.J1f1111~ ~ 270 watts LUUl1r:11 5 mYi 1U~1~LLn1nr:11.J'lJU1(j)LftUrhu,~mrJn~1" 9 
~ "', '" 

'U 

U1~" 2 U1 YiUJ1~'I.b 600 mL 
'U , 

Centrifuge ~ml1.JL~1 4400 rpm LUUL1r:11 10 U1Yi 


1'11 autopipet <iI<iI~1u1~m 4.00 mL 1~1u vial ~n1u'V\rt" 

'U 



12 

lG):!J 50 flL 'lJtl.J 100 ppb crystal violet (CV) l~mu'U, 5 ppb internal standard ll~:: 
lG):!J 950 ~LL 0.05 M NH40Ac pH 4.5 : Acetonitrile (1 :1), vortex-mixed 

mEh'H,h'U, 0.45 flm syringe filter ~.Jl'U, HPLC vial ud::mru. 1 mL 
, ., , 

lVl1!..1:!J spiked sample rid::i'IJ 1, 2, 3, 5 ppb d::i'IJ~:: 5 <J51 lVltl'r1V1~El'IJln-md 

&::to Cl,..o ~ 0I Q...o'" ca..."""'''' 1 i)'Yl S (ES) b<1l'HJaJ<1l1 fH.ll\1~l tJ nl)'rtn~~l tJ <1l1'Ylla:::iin tJ ~ rtaJ Ammonium acetate 

buffer pH 4:5 : Acetonitrile (1:3) Lla:;1'lTb<1l1il1JlaJtA'Hl-w'lil111,"nl)'rtn~ L@iaJ 

Crystal violet (CV) ttl," internal standard rt.jl\1 calibration curve 1J,"laJ'Yl~n.£ 

i.Jld'EltJ~l ('v'l1El1.J) ~V1~'lJVlLl~l 2.00 2: 0.01 9 1tt1'U,'lJ1V1LLnl~U'Yl1"nd::'lJElmmlV1 50 

mL lG):!JiTl'h~::r;nm.m:!J 0.05 M ammonium acetate pH 4.5 : acetonitrile (1 :3) mmVld 8.00 

mL ,bi,ulelh~i,wn~flll:!JL11dtl'IJ 24000 rpm LU'U,L1~l 10 l'U,l'n ~l'U,TU. 3 flf" UVlUln'lJ1V1 

~lml~'U,"lndlyj~:!JlmJLt:-Wtl1Jl.Jttl'U, ,bi,Ull.Jl'U,~1.J LLnln~:!JL~'U,~l'U,~mrJmn.J 9 itl ~1Jdd~ti'l 
'IJ • 

600 mL ,tl ~l.J~.J'lJGllffl 'U,Lm tl1Ji,:!Jlmnv-l 1V;fl~'U1lJtm'Llv-1~ 270 watts LU'U,L lell 5 'U,lYi
• 

'v'l~.J~lmfmtli.uL"I5'U,V11yjl,r~ 4400g Lu'U,n~l 10 'U,lYi 1'l1ihUVlVlVI~lj~::~l!..11~m 4.00 mL ltt 
'IJ 

l'U,'lJ1V1~n1'IJ'v'l~.J lb1u'V'l'U~lmLn~i,'U,lV11L~'U1'U,~1.Jti'11tmm1Jfl:!JElru.V\.nii~ 40°C ~'ULLV;.J t!LUVI 
•• 'IJ 

internal standard CV (100 flg/L) mmVl1 50 flL LL~::il'(11~::~lrJ 0.05 M ammonium acetate 

pH 4.5 : acetonitrile (1:1) u1mVl1 950 flL ~~lJ1V;L-lllil'U,~ 1-bi,umEl.J~l'U syringe filter '7J'U,lVl 

0.45 flm ~.J~'lJ1Vl HPLC vial 
'IJ 

ifii lA':Il:::.Jtl1aJ1 rn 

In-1Lml::~~El standard addition method LLel:: internal standard calibration curve lVlrJ 

~ltlcil.J 2.00 9 


~ltlcil.J 2.00 9 + 1 flg/kg MG + 1 flg/kg LMG 


~lElcil.J 2,00 9 + 2 flg/kg MG + 2 flg/kg LMG 


~lElcil.J 2,00 9 + 3 flg/kg MG + 3 flg/kg LMG 


~lElcil.J 2,00 9 + 5 flg/kg MG + 5 flg/kg LMG 


1-tl signal 'lJ El.J'lJfi1 ~1 El cil.JlJl~1l.J internal standard calibration curve LLel::'v'llmm ru. MG LLel::
• 

LMG l'U,~lmh.J~ln~:!Jmj'lJEl.J curve 

Linear equation: y = mx + b 

mmru. MG ('v'l1rJ LMG) = -b/m 

http:bi,Ull.Jl
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2.2 j:.m n1';i't1~HHJ\I 

HPLC: Agilent 1100 

Column: Higgins 3 x 150 mm, 5 flm 

Mobile phase: A: 0.05 M Ammonium acetate pH 4.5 

B: Acetonitrile 

Gradient mode: Time (min) A(%) B(%) 

0 95 5 

6 5 95 

8 5 95 

9 95 5 

12 95 5 

Injection volume: 25 flL 

Flow rate : 800 flLlmin; split 275:525 
o 

Column temperature: 40 C 

Mass spectrometer: API 3000 

Scan type: MRM 

Polarity: positive 

Ion source: turbo spray 

Ion pairs: MG 329.3/208.2, 329.3/313.1 

LMG 331.3/165.4, 331.3/239.3 

CV(internal standard) 372.2/356 .3 

Linearity "lHl\l calibration curve (internal standard)-.. .. ~ 
fi:IJU~'Ylll~~~ linearity 'lItl~ calibration curve <ih'lm11~'Yl 2.1 . 

<FIl';il\1't1'" 2.1 Linearity 'lIEl~ calibration curve 

Standard concentration range: 0-30 fl9/L 

compound mass Linear equation r 

MG 329 .3/313.2 Y =0.0643x + 0.0289 0.9994 

329.3/208.4 Y = 0.0182x +0.00738 0.9992 

LMG 331.3/165.4 Y =0.0125x + -0.00654 0.9968 

331 .3/239.4 Y =0.129x + -0.0586 0.9980 
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2.2.2 I!-I~ n1dL(1)~lI3J~-HHh\l Lyjil(1)d1\1::.hAd1::;l-f'iJ~3.J1rn, MG, LMG (1) nvl1\l1mifil'iJ~1~1 u 

L'YIAiiA LC-MS/MS (sample extraction and clean-up) 

~lnm11Lfrn::~ spiked sample LLti::VlTIn-mru. MG LLti:: LMG ~l£.11n- external 
.... a.... I ~a 

standard calibration method nUnTHm£.l:!J<illElE.J1~LLUU E 1-5 LLti::l1i internal standard 

calibration method nUm1L<il1£.1:JJ~lElci1~LLUU E 6 rJ~1:lJ~lm1b11~~.mm11Lm1::~~~ t<ilrJ 

~,;)11ru.l~ln %recovery ~~1 1:lJElci1'U,'1h\l 40-120% ~\lLU'U'1il\1~rJe:J:JJ-rUl~~fll1:JJL,y:JJ,y'U1::~U
'II 

~1'U,m1L<il1rJ:JJ~1e:Jci1~LLUU~ 7 tt'U l~"ibL11"U"m1~n<il~lrJ"~'Ul:JJt"1nvHl:!J~l£.l 
t<il!'l1-nL<il1ElUl:JJtmL1~ LLti::"VI1mmru.~1 !'lin- internal standard calibration method l.h1nlJi1 

I.~t-Jti~nilln-~'U') LL~::1-nLlti1i'U t<il£.l1~ %recovery J::"VIi1~ 40-60% LL<lirJ\ll:lJLu'U~\i1Yie:Jh 
,yEl:JJ tl~l nm1'Y1<il ti e:J~ LL~<il~1'U111" t-J'Ul n fl 

'II 

t-Jtlm1L<il1!'l:JJ~1e:Jcil\lLLUU~ 8 (E8) LU'U~\lLL~<il\l1'Um11~~ 2.2 

(1)ld1\1~ 2.2 t-Jf.'mlJ1Lml::~mmru. MG LL~:: LMG 1'U~lElci1\1"l5U<il<lil\l ') 

~le:Jcil~: tJtl1LL6Jl~:JJe:J'U, 

compound mass Linear equation r Accuracy 

(%recovery) 

Precision 

(%RSD) 

MG 329 .3/313 .2 

329.3/208.4 

Y=0.02x + -0.00124 

Y=0.0669x + -0.00215 

0.9991 

0.9996 

81.8-115 

87.1-108 

12.46 

6.45 

LMG 331.31165.4 

331.3/239.4 

Y=0.00758x + 0.000421 

Y=0.102x + -0.0169 

0.9858 

0.9913 

93.9-112 

95.9-116 

11 .06 

7 .77 

compound mass Linear equation r Accuracy 

(%recovery) 

MG 329.3/313.2 

329.3/208.4 

Y=0.00966x + -0.000237 

Y=0.036x + -0.00363 

0.9579 

0.9892 

78.6-103 

68.8-106 

LMG 331 .3/165.4 

331.3/239.4 

Y=0.0207x + -0.00431 

Y=0.25x + -0.0645 

0.9917 

0.9829 

66.8-122 

83.8-110 

http:t<il�.l1
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compound mass Linear equation r Accuracy 

(%recovery) 

MG 329.3/313.2 

329.3/208.4 

Y=0.0178x + 0.00274 

Y=0.0618x + 0.0169 

0.9792 

0.9805 

83.6-107 

93.4-103 

LMG 331.3/165.4 

331 .3/239.4 

Y=0.00562x + -0.00287 

Y=0.00552x + -0.00581 

0.9716 

0.9977 

92 .5-123 

93.0-120 

~lnnl1Y)UTrrl-nEJ1J~ L~ tJ1nUfi1d~~~L~~L~1I'W1Jl1 IVlG ~Jn~v:Jl-L~ rJl ~1!lEl1-;) L7rJn 
'II 

chromatic MG L~flL'JJllUf)ci1UL'1l~~'lJf),,~~i\rl L'liu U~1 ~::Lu~r.mlutlci1UjU carbinol MG 
'II 'II '1.1 

tlci~~lUf)n'lJf)"L'1l~~ LL~::()nL1J~!'mludJu leucomalachite green (LMG) ~lm1J~::'lJf)~rnlJ
'II '1.1 

'lJtl"U~1 jU<llI"'J 'lJeJ" MG LL~~,,1u1U~ 2-1 L~f)ml~~f)'IJ~lm'\'1fl,"fl LC-MS ~'lJl1 carbinol 
'1.1 '1.1 

a I I ....... I
..J'..... 
MG ~:::JJm retention time L'\'11n'IJ LMG (co-elution) 'Uf)n~lnU!'h'l~'lJll~lj~:::~Ir.J:JJ1~j~IU MG 

L~ml~1mllr11~:::~Ir.J~n ammonium acetate ~:::Ujln!J carbinol form f)~~lm~1JEl 

U'nn!lnTHttL'liU'd'n~~1if11 % recovery 'UeJ~ MG ~lLn1.JltJu~~'UeJ~ LMG ,,!~ln1.JltJeJQL'''':JJeJ 
I

-N 

-N 
\ 

Carbinol Base Leuco MG Chromatic MG .... 

:JJ~ 

·n..l~ 2-11m\l~1\"L1J~::'lJf)llil~'lJf)\l MG.. 

~lm'VI!ll~nm11'JnlU~lm:JJ'\'11n-n~wrlud' r111~r.J~m11Lml::V\1JjLD'U~lil~Elh ~\l1~ 
~ '1.1 

mmLl'IJ'lJm1L!ll1 tJ1J~lElcil\llfi~ 8 LL~:::lfilLml:::~'VIlmmru,~f) standard addition method LLlil::: 
A ~ ca.,.. d.c=t ..... 

internal standard calibration curve 'VIjmmutJ'VIu"Tltl mj~jl\l internal standard calibration 

curve 'lJUL1J'\'11n-n L~ElLtJumjfh·5-!llr.Jlilm::'\'1'IJ~lm:JJ'\'11n-n ~\l"(h1i~lilm1lLTljl::~~ hwn % 

recovery eJcilu'lil" 87-108 % (MG), 96-116 % (LMG) LLlil:: % RSD L'Yhn'IJ 6.45 LLlil:: 7.77 
'1.1 

m:JJ~I~'IJ ~lwhJtJ~ILL'1llil:JJElU, % recovery eJcilu'lil\l 69-106 % (MG), 84-110 % (LMG)
'II 

~I'V11'IJU~1'1'1'1J'Yl:JJ, % recovery tlci1u'lil\l 93-103 % (MG), 93-120 % (LMG) ~I'V11'IJn\l 
'1.1 ~ 

, 
IZS10~24 
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d 
U'Yl'Yl 3 

i.11"tl U~~ti.1'l-HJ tL"~L~ ~d nu nl1"~~~ 
~ 

iiiiL~11~\·rr~HH'YI~ii~ LC-MS/MS 

']l'Ul~rJU"l~~~'Ul1TIl LTrn::~ MG LL~:: LMG Vf1~JJn'U1'U<1l1 ~ cil.JL¥~rhtl L'\"ll::l~lJ,] hHj 

T111JJnn~~,] LL3J'U~l ~>l ~l rJ m1l~1rJJJ<1l1 tl cil>l~ ij.ff'U~ tl'U~lmL~:::11~ L~1.,]'U liLmmJLJJlmllw 
'II 'II 

1'Um1~n~Ll~::T1~'U5'\"l LL~::llml::~ IVIG LL~:: LMG ~lr.ILl1T1iiT1 LC-MS/MS ij~11T11~<1l~~bltl 

l~~ (Crystal violet, CV) lU'U. internal standard ~ ionpairs <1l']ii' : MG 329.3/208.2, 

329.3/313.1, LMG 331 .3/165.4, 331.3/239.3 LL~:: CV(internal standard) 372.2/356 .3 

A113/i'lflv)'iI u\lliiiLA11~lr[~H.IL'YI~iiA LC-MS/MS 

~~nT'i~'hT1"n::~~ l~rJij % recovery t1ci1w151'] 87-108 % (MG), 96-116 % (LMG) LL~:: 
'II 

% RSD 	L'Yhnu 6.45 LL~:: 7.77 mJJ~l<1lU ffl'V1-rUU~lLL'lS~JJe:m, % recovery tlci1W151>l 69-106 
'II 

% (MG), 84-110 % (LMG) ffl'V1-rUU~l'YlutiJJ, % recovery tlcilW1h.J 93-103 % (MG), 93-120 
'II 

II-' 

3.2 	i1m?{"mL"~ 

iJ';)';)U'U..Jl'Ul~lJ'Yll']~1'U.(il1~ mhJ1 'Ut)1'V111l ~ t1~~'U1T1 rnJll'\"l:nl~~1"\.I.T1113JU~ tl~nrJ1'U., 	 , 
tll'V111l u'U.i.u1 'ULml'Yll.J~l1lJnil "chasing zero" ~.J~ElJ t)1~mT1~El.JijEl.ff'U.~,] ~,]ml~~11n.l.11i 

'II 

'Yl'U.l~rJT1l1,hit'] (1,] ,]UU1::JJ1 rn'Yll']T11nrn'Yl.ff'U~,] L'VI ~1ii'~1 rJ ~,] ';) ::rh1~Jl'Ul~mU'U..Jl 'Ul~']1n 
~ · ct cu 	 , 

b~ Ellbn iJ fiJ'VI11 'U.~1'\.im11Lml::~Ell'V1111'U.El!jJ~l'V1 n11JJ Ell'VI11 ~,] LU'UEl~(iTV\m1JJ 5'U~u'VI~']
v 	 , • 

"JJEl']lh::L'Ylf'l i.~Elcil,]i\Ui.l 

http:ml~~11n.l.11
http:u'U.i.u1
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Printing Time : 10:41:32 AM APl-3000 SNfD-122 70301 Chemistcy. CU. Page 1 of 2 
rPrinting Date : Thurs day. April 29. 2004 

j(')' 
s~mple Name: nfa Acq. Filp.: nf a Sampl~ N-3.me: "fa v'" . 11" 

) 

Thursday, April 29, 2004, 10:37 

Infusion Quantitative Optimization 

MS/MS Analysis, positive 

Precursor ion: Base Peak Ion, Search Range: 320.000 to 340.000 (amu) 

Product ion:Auto Select, Criteria: 

From the most intensive: 6 peaks. Mass loss from precursor ion> 10.000(amu) 

Min. mass for product ion: 100.000(amu). Threshold for product ion> O.O(cps) 


Quad 1 Resolutiori: Unit resolution, Quad 3 ~esolution: Unit re~olution 

Malachite Green 
Find base peak ion - start Mass: 320.000 Stop Mass: 340.000 
base peak ion mass: 329.277 
Initial Q1 Scan 
Target Compound Mass (amu) Intensity(cps) (5 MCA Average) 
Malachite Green 329.261 434020 

Parameter: DP start: 1.0 stop: 101.0Step: 5.0 

Masses (amu) Current Value New Value Intensity(cps) 
329.261 30.0 66.0 415806 

Parameter: FP Start: 50.0 Stop: 375.0Step: 10.0 

Masses (amu) Current Value New Value Intensity(cps) 
329.261 200.0 340.0 456606 

Parameter: D!? Start: 1.0 Stop: 101.0Step: 5.0 

Masses (amu) Current Value New Value Intensity(cps) 
329.261 66.0 51.0 476633 

Parameter: F!? Start: 50.0 stop: 375.0Step: 10.0 

Masses (amu) Current Value New Value Intensity (cps) 
329.261 340.0 340.0 498639 

Final Ql Scan 
Target Compound Mass (amu) (m + "I Intensity(cps) (5 MCA Average) 

lachite Green 329.265 I 518580 

Final QIMI Method: Malachite Green_QOpt_FinalQlMI_Pos.dam 

Target Compound: Malachite Green. 

Initial Product Mass Initial Product Ion Intensity(cps) (26 MCA Sum) 
313.144 143000 
165.304 67000 
208.188 51000 
239.307 42000 
241.379 34000 
284.418 28000 

Parameter: CE Start: 5.0 Stop: l30.0Step: 2.0 

asses (amu) Current Value New Value Intensity (cps) 
329.265/165.304 30.0 81. 0 6265 

r329.265/208.188 30.0 49.0 8448 v 
329.265/239.307 30.0 107.0 5417 
329.265/241.379 30.0 75.0 4678 
329.265/284.418 30.0 63.0 2983 
329.265/313 .144 30.0 49.0 29567./ 

Parameter: CX!? Start: 0.0 Stop: 55.0Step: 2.0 
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Sample Namp.: n/a Acq. fil~: n/~ Samp lo. Name: nf ~ 


Masses (amu) Current Value New Value Intensity(cps) 
329.265/165.304 15.0 8.0 7020 

Parameter: CXP Start: 0.0 stop: 55.0Step: 2.0 

Masses(amu) Current Value New Value Intensity(cps) 
329.265/208.188 15.0 12.0 10513 

Parameter: exp Start: 0.0 Stop: 55.0Step: 2.0 

Masses (amu) Current Value New Value Intensity(cps) 
329.265/239.307 15.0 14 . 0 5060 

Parameter: exp Start: 0.0 Stop : 55.0Step: 2.0 

Masses (amu) Current Value New Value Intensity(cps) 
329.265/241.379 15.0 12.0 4298 

Parameter: CXP Start: 0.0 Stop: 55.0Step: 2.0 

Masses (amu) Current Value New Value Intensity (cps) 
329.265/284.418 15.0 16.0 2793 

Parameter: exp Start: 0.0 stop: 55.0Step: 2.0 

Masses (amu) Current Value New Value Intensity(cps) 
329.265/313.144 15.0 18.0 30482 

final Product Ion Mass{amu) Final Product Ion Intensity(cps) (10 MeA Average) 
165.400 8310 
208.400 10940 
239.300 5550 
241.400 4580 
284.300 3780 
313.200 38190 

Optimal Product Ion Mass: 313.200 Optimal Product Ion Intensity: 38190 

Final MRM Method: Malachite Green QOpt FinalMRM Pos.dam 
Quantitative optimization completed successfully. 

• 



Prin~g-"!' im~: -rom : 20 A/-I 
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Sample Name: TuneSan~leHam~ 
Acq. File: Halachite Gr.en_FinalPrdt_pos.wiff 

Somple Nam.: TuneSampleName 

+MS2 (329.26) CE (81): 10 MeA ... Max. 3.8e5 cps +MS2 (329 .26) CE (81): 10 MCA ... Max. 3.8e5 cps +MS2 (329.26) CE (81): 10 MCA .. . Max. 3.8e5 cps 

8.0e4 ~ 

7.0e4 -l 

6.0e4-1 

8. 5.0e4 
u 

:i. iii 4.0e4c: 
2c: 

3.0e4 

2.0e4 ~ 

1.0e4-1 

165.4 

/\

! \ 
I 
I 

\
I 

1~~j
! v 

163.4 )
..-.........r_ ...._ 
, , 

163 164 165 
m/z, amu 

+MS2 (329.26) CE (81): 10 MCA .. . 

241.4 
4.5e4-1 /\, 
4.0e4 ~ \ ! 

3.5e4 1 / J 

166.6 

l /'v,\ 
167.6-... 

166 167 

Max. 3.8e5 cps 

3.0e4 
§. 

2.5e4.i 
V)
c: 

2.0e42 
c: 

1.5e4 

I 
t 

f 

I
I 
I 

( 
f 

J 
t 

1.0e4 ~ r"' \\j \ 242.3
5000.0 ~ I 

\./~/''''/ 

241 242 243 
m/z , amu 

1.0ge5 

1.00e5 

9.00e4 

B.00e4 

8. 
ufi 
tJl 
c: 

.Sl 
..f: 

7.00e4 

6.00e4 

5.00e4 

4.00e4 

3.00e4 

2.00e4 

1.00e4 
206.2 
~ 

206 

207 .2 I 
---.J 

207 

208.4 

[/\ 

I \ 

! \ 
I 


208 
m/z, emu 

+MS2 (329.26) CE (81): 10 MCA ... 

284.33.8e4 I 

3.5e4 I 

3.0e4 f\/
) 

f 

2.5e4 I8
u 

2.0e4 i I \c: '" I.Sl I 


I \ 

oS 1.5e4 

209.4 210.4 

209 210 


Max. 3.Be5 cps 

2852 

1.0e4 

5000.0 283.1 / 
282.2 . ~I'\..,J 

I ~61
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+MS2 (329 .26) CE (81): 10 MCA ... Max. 3.8e5 cps 
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rrin 
Printinll Date: 

~rI-30DO 5N/0-12270307 Chemistry, CU . Pag,. 1 :>f 1 
J>.pril 29, 2004 

Sample Namel T'Jn~S.mpl.IO Aq. rile: H1'200~042910~5'1. ..;iff S!lmple Name: TunesamplelD 

+Q1 : 10 MeA scans from Sample 1 (TuneSampleID) of MT200404291 04551.wlff (Turbo Spray) 

6.4e6 
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4.0e6 

~ 3.5e6 
u 

i 
VI 
c: 
Cl> 3.0e6
C 

2.5e6 

2.0e6 

1.5e6 

c).()O Wb Max. 6.4e6 cpsi 
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m/z, emu 
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http:T'Jn~S.mpl.IO


" .' ",dnting Time: 10:03:21 AM API-JOOO SNf D-12210)Ol Chemistry, CU . Page 1 of 2 
. • Printing Date: Thursday, April 29, 2004 

.. "> " \ Sample Name: nfa Acq. fi 1P.: of a Sample Name: nfa 

Thursday, April 29, 2004, 09:59 

Infusion Quantitative Optimization 

MS/MS Analysis, positive 

Precursor ion: Base Peak Ion, Search Range: 330.000 to 334.000 (amu) 

Product ion:Auto Select, Criteria: 

From the most intensive: 6 peaks. Mass loss from precursor ion> 10.000(amu) 

in. mass for product ion: 100.000(amu). Threshold for product ion> O.O(cps) 

Quad 1 Resolution: Unit resolution, Quad 3 Resolution: Unit resolution 

Leucomalachite Green 
Find base peak ion - Start Mass: 330.000 Stop Mass: 334.000 
base peak ion mass: 331. 298 
Initial Q1 Scan 
Target Compound Mass (amu) Intensity (cps) (5 MCA Average) 
Leucomalachite Green 331. 292 1068260 

Parameter: OP Start: 1.0 Stop: 101.0Step: 5.0 

Masses (amu) Current Value New Value Intensity(cps) 
331.292 30.0 66.0 1102914 

Parameter: FP Start: 50.0 Stop: 375.0Step: 10.0 

asses (amu) Current Value New Value Intensity(cps) 
331. 292 200.0 370.0 1233240 

Parameter: DP start: 1.0 stop: 101.0Step: 5.0 

asses (amu) Current Value New Value Intensity(cps) 
331. 292 66.0 61.0 1239686 

Parameter: FP Start: 50.0 stop: 375.0Step : 10.0 

Masses (amu) Current Value New Value Intensity(cps) 
331.292 370 . 0 370.0 1266790 

final Q1 Scan 
Target Compound Mass (amu) . ) Intensity(cps) (5 MCA Average) 
Leucomalachite Green 33l.292 {il1 \t "t 1245360 

final QIMI Method: Leucomalachite Green_QOpt_finalQ1MI_Pos.dam 

Target Compound: Leucomalachite Green 

Initial Product Mass Initial Product Ion Intensity(cps) (26 MCA Sum) 
239.294 747000 
223.592 201000 
315.792 174000 
165.404 135000 
194.769 119000 
152.711 95000 

Parameter: CE Start: 5.0 stop: 130.0Step: 2.0 

asses (amu) Current Value New Value Intensity(cps) 

331.292/152.711 30.0 125.0 1107 

331.292/165.404 30.0 89.0 10633/ 

331.292/194.769 30.0 57.0 2072 

331.292/223.592 30.0 75.0 23945 

331.292/239.294 30.0 43.0 160650 ./ 

331.2921315.792 30.0 31.0 29815 


Parameter: CXP start: 0.0 Stop: 55 . 0Step: 2.0 



.~~inting Time: 10:03 :21 AM API-)OOO SNID-l2270)07 Chemistry, CU. Page 2 ot 2 
Printing Date: Thursday , April 29 , 2004 
Sample Name: n / a Acq. f lle: n/a Samp l~ Name : nf a 

asses (amu) Current Value New Value Intensity(cps) 
331.292/152.711 15.0 8.0 1253 

Parameter: CXP Start: 0.0 stop: 55.0Step: 2.0 

Masses (amu) Current Value New Value Intensity(cps) 
.331 . 292/1 65 . 404 15.0 8.0 13193 

Parameter: CXP Start: 0.0 Stop: 55.0Step: 2.0 

Masses (amu) Current Value New Value Intensity(cps) 
331.292/194.769 15.0 10.0 2622 

Parameter: CXP Start: 0.0 Stop: 55.0Step: 2.0 

Masses (amu) Current Value New Value Intensity (cps) 
331.292/223.592 15.0 12.0 31933 

Parameter: CXP Start: 0.0 Stop: 55.0Step: 2.0 

Masses (amu) Current Value New Value Intensity(cps) 
331. 292/239.294 15.0 14.0 144915 

Parameter: CXP Start: 0.0 stop: 55.0Step: 2.0 

Masses (amu) Current Value New Value Intensity(cps) 
331.292/315.792 15.0 20.0 38352 

Final Product Ion Mass (amu) Final Product Ion Intensity(cps) (10 MeA Average) 
152.300 11950 
165.400 13370 
194.400 11470 
223.500 29930 
239.400 133150 
316.200 61660 

Optimal Product Ion Mass: 239.400 Optimal Product Ion Intensity: 133150 

Final MRM Method: Leucomalachite Green QOpt FinalMRM Pos.dam 
Quantitative optimization c ompleted successfully. 



tinti".r'rlIMI 10:03 :01 "H API-3000 5N /D-12270307 Chemistry, CU. Page 1 of 1 
Print i ng Date: Thursday, April 29, 20 0 4 

ga mpl e Name: Tun6Sampl eHoma Acq. file: Laucomalachite Green_finalPrdt_Pos .wiff Sampl. Name: TuneSampleNalne 

• +MS2 (331.29) CE (125): 10 MC .. . Max. 1.3eS cpBl • +MS2 (331.29) CE (125) : 10 MC ... Max. 1.3e6 cps l • +MS2 (331 .29) CE (125): 10 MCA... Max . 1.3e6 cps 
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ttnti.ngTim'" 09,413:04 AN API-3000 SN/D-1 2270307 Chemistry, CU. Page 1 01 1 
Printing Date, Thursday, April 29, 2004 
Sample Name: Tun&SampleID Acq. file, M1'20040429094HO .witf Sa mp le Name : TuneS,mpleID 

• +Q1; 10 MeA scans from Sample 1 (TuneSBmplelD) of MT20040429094740.wiff (Turbo Spray) ,).Sl> ~ t:J Max. 1.0e7 cps 
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Masses (amu) Current Value New Value Intensity(cps) 
372.236/235.329 15.0 12.0 13757 

Parameter: CXP Start: 0.0 Stop: 55.0Step: 2.0 

asses (amu) Current Value New Value Intensity(cps) 
372.236/239.641 15.0 12.0 10817 

Start: 0.0 Stop: 55.0Step: 2.0 

Current Value New Value Intensity (cps) 
372.236/268.320 15.0 14.0 10323 

Parameter: CXP Start: 0.0 Stop: 55.0Step: 2.0 

Masses (amu) Current Value New Value Intensity(cps) 
372.236/311.420 15.0 18.0 6828 

Parameter: CXP Start: 0.0 stop: 55.0Step: 2.0 

Masses (amu) Current Value New Value Intensity(cps) 
372.236/340.178 15.0 18.0 60453 

Parameter: CXP Start: 0.0 Stop: 55.0Step: 2.0 

Masses (amu) Current Value New Value Intensity(cps) 
372.236/356.336 15.0 22.0 167337 

sses(amu) 

;' Printing Time: 11:07:57 AM API-JOOO SN/ D-12270307 Chemistry, CU . Paq8 2 of 2 
, J ?rinting Date: Thursday, April 29, 2004 

Sample Name: n f a Acq . file : ala Sample Name: n/a 

Final Product Ion Mass (amu) Final Product Ion Intensity(cps) (10 MCA Average) 
235.400 13610 
239.400 15210 
268.500 10160 
311.200 8380 
340.300 57720 
356.400 151680 

optimal Product Ion Mass: 356.400 Optimal Product Ion Intensity: 151680 

Final MRM Method: Crystal Violet QOpt FinalMRM Pos.dam 
Quantitative optimization completed successfully. 



Printing Time, 11:07:46 AH API-3000 SN / D-1227 0307 Chemistry, CU. Paq9 1 of 1 
Printing Dat e , Thur~day, April 29, 2004 

Sample Namar TuneSampleName Acq. Filer Cry,tal Vl olet_FinalPrdt_po,.wi ff Sa mp le Name: TuneSamplaName 

• +MS2 (372 .24) CE (79): 10 MCA ..: Max. 1.5e6 cpsj • +MS2 (372 .24) CE (79): 10 MCA .. . Max. 1.5e6 cpsl • +MS2 (372 .24) CE (79) : 10 MeA ... Max . 1.5e6 cps 
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PriMing Time: 11:03:00 AI-! API-JOOO SN/D-122103 07 Chemistry, CU. Page 1 of 1 
Printing Date: Thur~day, }I.pdl 29 , 2004 
Sample Nama: TuneSampleID 	 Acq. fileJ ~IT200~042911 02 4 0.~if f Sample Name: TuneSampleID 

T +Q1: 10 MeA scans from Sample 1 (TuneSampleID) of MT20040429110240.wlff (Turbo Spray) Max. 2.4e7 cps 
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1I's7J J) 
)~~int:ing Time: 04 : 13048 Pt·! 	 API-3 0no SN / D-1221 0 3 01 Chembt:ry , CU. Fa,," 1 o f 1 

Pri nt ing Dat e: Thureda y , Ha y DE, 200 4 

Sa mple Name: t·IG+U1G+ CV 2 . Snq/ ml ( i n je c t2 0ul) Acq. file: 2Sapril04 . ;;iff 	 Sample Nama: HG+UIG+CV 2. . 5nQ/ml (injec t 20 u l) 

. • XIC of +MRM (16 pairs): 329 .3/239 .3 emu from Sample 13 (MG+lMG+CV 2.5nglml(lnject20ul)) of 29apnl04.wlff (Turbo Spray) Max. 460 .0 cps 
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.- xfc of +MRM (16 pairs): 329.3/313.2 emu TromSample-1 j (MG+LMG+CV 2.5nglml(inject20ul)) of 29april04.wlH (Turbo Spray) 
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XIC of +MRM (16 pairs): 331.31239.4 emu from Sample 13 (MG+LMG+CV 2.5nglml(lnject20ul)) of 29april04 .wiff (Turbo Spray) 
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Printi ng Time: 0 4:14: 2 3 PM API - lOD O 3N/D-1221D3 01 Chemis t ry. CU. P3Qe 1 of 1 
Pr i n t i ng Date : Thur~day . li a., 06, · 2004 
Sa mpl e Nama : 1·IG +LMGTCV 2 . 5 n~ /m1 ( in j e c t2 0 ul) ,;eg. file: 29april04 . wi ff 53mple. Name: liG+U·IG+C'1 2 . 5ng / ml i in) ect 2Qul i 

XIC of +MRM (16 pairs): 329.31239.3 emu from Sample 15 (MG+LMG+CV 2.5ng/ml(lnject20ul» of 29aprll04 .wlff (Turbo Spray) Max. 680.0 cps 
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XIC of +MRM (16 pairs): 329.3/313 .2 amu from Sample 15 (MG+LMG+CV 2.5ng/ml(inject20ul» of 29april04.wiff (Turbo Spray) Max. 3580.0 cps11'14 
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XIC of +MRM (16 pairs): 331 .3/239.4 amu from Sample 15 (MG+LMG+CV 2.5ng/ml(lnject20ul)) of 29aprll04 .wift (Turbo Spray) Max. 4.8e4 cpaL()1Ct
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P [ i n t i n9 Time: 01 I 15 : 35 1>1.1 API-JODO SN/D-122103Dl Ch9mi~t r y , CU . Page 1 o f 1 
Printing Date : Thur,day, I~a y 06 , 2001 

Sample Hams: I·IG+LMG+CV 2ng/ml (inject20ul) Acq. fila: 29april04 . ..,iff Sample Name: HG+U·IG+C"/ 2ng/ml iinj6ct2 0u l ) 

-. XIC of +MRM (16 pairs): 329.3/239.3 amu from Sample 16 (MG+LMG+CV 2ng/ml(inject20ul)) of 29april04.wlff (Turbo Spray) Max. 130.0 cpa 
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-. -XIC of +MRM (16 pairs): 329.3/313.2 amu from Sample 16 (MG+LMG+CV 2ng/ml(inject20ul)) of 29april04.wiff (Turbo Spray) Max. 520.0 cps 
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• XIC of +MRM (18 pairs): 331.3/239.4 emu from Sample 16 (MG+LMG+CV 2nglml(inject20ul)) of 29april04.wlff (Turbo Spray) Max. 5560.0 cps 
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Print i ng Ti me: 0 4 : 1 0 : 57 PM API- lODO SN/ D-1 221D 301 Ch emistry , CU. P.g. 1 of 1 
Print i ng Date: Thur2da y , May 0 6, 200 4 

Salnpl a Name, l·jG+LHG~CV 2. Sng ! ml (in j ect2 0u l) Acq. File. 29april 0 4.witf Saml" le Harne : HG+LHGtC."; 2.5ng / ml (i njec t 20ul ) 

• XIC of +MRM (16 pairs): 329.31239.3 amu from Sample 10 (MG+LMG+CV 2.5nglml(lnject20ul» of 29aprIl04.w1ff (Turbo Spray) 	 Max. 1110.0 cps 
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Printing Tim.: 04:09: 27 Pl~ ~PI -300 0 SN/ D- 1227 D307 Chemi stry, CU . Page 1 o f 1 
Pr inting Date: Thursday, Hay 01 , 20 04 
Sample Nama : HG~LHG+CV 2 . 5ng/ n,l ( injact2 Dull ~cq. Filal 29april 0 4.·...iff Sample Hame: HG-Lt-IG+CV 2.5ng / ml(injec t2 0ull 

• XIC of +MRM (16 pairs) : 329.31239 .3 emu from Semple 12 (MG+LMG+CV 2.5ng/ml(lnject20ul)) of 29april04.wiff (Turbo Spray) Max. 2120.0 cps 
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Food Re3earch and Te3ting Labora tory Sample Name: MG+LMG 0 ppb 
, ..1 ,. 

Printing Date: Monday, July 05, 2004 Acq. File: Malachite Page 1 o f 1 ? ~ C 
Printing Time: 01:42:09 PM green-Leucomalachite green .dam, .. 

• 05-07-04 validation 0-30 ppb E3.rdb (MG 329.3/313.2): "Linear" Regression ("No" weighting): y =0.0643 x + 0.0289 (r =0.9994) 
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Food Re3earc h and Te3 ting La b o r a t o ry Sample Name: MG+ LMG a ppb 

Print ing Date: Monday, J ul y 05 , 2004 Acq . Pi l e: Ma l ach i te Pa ge 1 of 1 
P r i nting Ti me : 01 : 41: 47 PM green - Le u coma l achit e gre e n .dam, .. 

• 05-07-04 validation 0-30 ppb E3.rdb (MG.329 .3J 208.4): "Linear" Regression ("No" weighting): y. = 0.0182 x + 0.00738 (r = 0.9997) 
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Food Re search and Te3ting La b o r ato r y Sample Name : MG+LMG 0 p pb 

1'" 
P[" int ing Dat e : Monday, July 0 5 , 200 4 Ac q. File : Mal a chi t e Page 1 o f 1 
P[" i nt i ng Time : 01:4 2 : 17 PM green-Leuc omal achit e green .dam, . . 

• 05-07-04 validation 0-30 ppb E3.rdb (LMG 331.3/165.4) "Linear" Regression ('No" weighting) : y =0.0125 x + -000654 (r = 0.9968) 
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Food Research and Te3ting Labora t o ry Sample Name: MG+LMG 0 ppb 

Printing Date: Monday, July 05 , 2004 Acq. File: Malachite Page 1 of 1 
Printing Time : 01 : 42:27 PM green-Leucomalachite green .dam, .. 

~07-04 validation 0-30 ppb E3.rdb (LMG 331.3/239.4): "Linear" Regression ("No" weighting) : y = 0.129 x + -0.0586 (r = 0.9980) 
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( r,··" ? 1.~) 
Printing Time: 05:57:23 PM API-3000 SN/D-l2270307 Chemistry, CU. Page 1 of 1 ~. 

Printing Date: Tuesday, July 20, 2004 
.' I

Sample Name: S Snapper+S ppb E5M Acq. File: Malachite green-Leucomalachite green .dam, . . Sample Name: 5 Snapper+5 ppb ESM t ·· --IL(Yi Crt: ! ...... / "-! [.S f 



Printing Time: 06:04:07 PM API-3000 SN/D-12270307 chemistry, cu. Page 1 of 1 --_.. __ . .. 
Printing Date: Tue9day, July 20, 2004 

Sample Name: S Snapper +1 ppb E5M Acq. File: 20-07-04.wiff Sample Name(; Snapper :~!.p~_-~~) 


• XIC of +MRM (S pairs): 329 .3/208.4 amu from Sample 7 ... Max. 860.0 cps .1 • X1C of +MRM (S pairs): 372.213S6.4 amu from Sample 7 ... Max. 4.4e4 cps. 
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___________ _ 

Printing Time: 06:03:38 PM API-lOOO SNiD-12270307 Chemistry, CU. Page 1 of 1 .---- --. - . . _._-------Printing Date: Tue~day, July 20, 2004 
Sample Name: S Snapper+l ppb ES Acq. File: 20-07 - 04.wiff Sample Name: ~ snap~~~:~_ ')E5 

• XIC of +MRM (5 pairs): 329.3/208.4 amu from Sample 2 ... Max. 510.0 cps .1 • XIC of +MRM (5 pairs): 372.21356.4 amu from Sample 2 .. . Max. 4.1 e4 cps . 
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Printing Time: 05:34:39 PM API-3000 SN/D-12270307 Chemistry, CU. Page 1 of 1 
Printing Date: Tuesday, July 20, 2004 
Sample Name: S Snapper control ES Acq. File: Malachite green-Leucomalachite green .dam, ... sample Name: S Snapper control E5 

• Untitled 7 (LMG 331.3 I 239.4): "Linear" Regression ("No" weighting): y = 0.0782 x + 0.00112 (r = 0.8719) 
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Printing Time: 05:33:49 PM API-3000 SN/D-12270307 Chemistry, CU. Page 1 of 1 
Printing Date: Tue~day, July 20, 2004 
Sample Name: S Snapper control E5 Acq. file: 	Malachite green-Leucomalachite green . dam, .. Sample Name: S Snapper control E5 

• Untitled 7 (LMG 331.3/165.4): "Linear" Regression ("No" weighting) : y = 0 .00744 x + -0.000708 (r = 0.8891) 
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Printing Time: 
Printing Date: 

05:32 : 49 
Tuesday, 

PM 
July 20, 2004 

API-JOOO SN / D-12270307 Chemistry, CU. Page 1 of 1 

Sample Name: S Snapper control ES Acq. File : Malachite green-Leucomalachite green .dam, .. Sample Name: S Snapper control E5 

• Untitled 7 (MG 329.3 I 313.2): "Linear" Regression ('No" weighting): y =0.0399 x + -0.000949(r =0.9971) 
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Printing Time: 
Print:ing Dat:e: 

05:31:28 
Tue3day, 

PM 
July 20, 2004 

API-3000 SN/D-12270307 Che~st:ry, CU. Page 1 of 1 

Sample Name: S Snapper cant:ral E5 Acq. File: Malachite green-Leucomalac;hite green .dam, .. Sample Name: S 'snapper cont:ral E5 

• Untitled 7 (MG 329.3 I 208.4): "Linear" Regression ("No" weighting): y =0.00949 x + 0.00335 (r =1.0000) 
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Printing Time: 05:31:02 PM API-3000 SN/D-12270307 Chemistry, CU. Page 1 of 1 
Printing Date: Tuesday, July 20, 2004 C J-; 
sample Name: S Snapper control E5 Acq . File: Malachite green-Leucomalachite green .dam, . . Sample Name: S Snapper control E5 
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Printing Time: 04:4B:42 PM API-3000 SN/D-12270307 Chemistry, CU. Page 1 of 1 ilf\- {~fci ,Y1 
Printing Date : Tuesday, July 13, 2004 
Sample Name: S14 Control E4 Acq. File: Malachite green-Leucomalachite green . dam, .. Sample Name: S14 Control E4 111e; 



Printing Time: 04:57:37 PM API-30DO SN/D-12270307 Chemistry, CU. Page 1 of 1 
Printing Date: Tuesday, July 13, 2004 
Sample Name: S14 Control E4 Acq. File: Malachite green-Leucomalachite green .dam, . . sample Name: S14 Control E4 

a 13-07-04 validation standard addition MG.rdb (MG 329 .3/313.2) : "Linear" Regression ("No" weighting) : y= 0.0289 x + -0.00297 (r = 0.9999) 
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Printing Time : 04:56:29 PM API-3000 SN/D-12270307 Chemistry, CU. Page 1 of 1 
Printing Date: Tuesday, July 13 , 2004 
Sample Name: S14 Control E4 Acq. File: Malachite green-Leucomalachite green . dam, .. Sample Name: SH Contro l E4 

-
• 13-07-04 validation standard addition MG.rdb (MG 329.3/208.4): "Linear" Regression ("No" weighting): y =0.00823 x + -0.00282 (r =0.9978) 
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Printing Time: 03 : 51 :24 PM AP I -3000 sNiD- 12270307 Chemi~try, CU. Pa ge 1 of 2 
Printing Date: Thur~day, July 22 , 2004 ,::'r J ", n.r '1,1 ,. \Sampl e Name : Sa lmon Cont r ol E5M Acq. Fi le: Ma l a chit e green -Leu coma l a ch i te green . dam , . . Sample Name : Salmon Con trol E5M 
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Salmon + 1 ppb E5M Standard July\22-07-04.lrIIiff 5.06e+003 1.00 7. 18e+004 0.860 ( 86.0 Ld-=. ~-'(")'~~':I'~ -~: ~ ~> .(1'[)'.

1 Salmon + 2 ppb E5M Standard July\22-07-04.wiff 1.39e+004 2.00 6.83e+004 2.17 ~/' J 108. .r - 0 '":"1CJ r 
Salmon + 3 oob E5M Standard Julv\22-07-04.wiff 1.35e+004 3.00 5.44e+OO4 2.61 I 87.1 I 

;: " I ,,/ I) ,- q , I

11;~~]~~'~;~~n;;r-;n~~~M I~;:~~:~~ I~=;:\;;_~~_~'~~ I;' ~:+~~; I~ ' ~~ I~:~;:+~~ I~ : ;~- ./. / I~~: ~ '\ ;'./" '-' , ' -' -" . ~/ 0" I 


·00'; :.. '(, il l- .~.' , ,-",,\ ,·-,,1" { 

') 'r ((' 'r. I 

::\~ (. ~:I _ . .'~. - .'-:i. (/ ~ 

" ,' I .' "! 
() . \ ii,..' ;; 

o ,cFII_;2, 



-I-(n~~IT r P'l \~i ( / ,) ".~ 1'1'\ 
t :/ I ~._ ~ • . l· ... ' I 

Printing Time: 04:09:08 PM API-3000 SN/D-12270307 Chemistry, cu. Page 1 of 1 
Printing Date: Thur9day, July 22 , 2004 CI ~/) /'\'11\ \1

I \ ... . 

, ,," .
Sample Name: F4 control E5M Acq. File: Malachite green-Leucornalachitegreen ,darn, .. Sample Name: F4 control ESM 

:~~~ f?~f~Ff:_·~~~t. ~ : · ~ ~-s:~t~~:r lSiJ; l ; -i!i%~;;~,j~~~ ~~@Xi;~~#~t~~f~~~ riAfiif~te.~1'~~ ~~·~,~J~~ ~~ i .,~ !;}-zg~IC~~.~~~:~J ~;~i~;:;~t:)~)l;;~
,;;;;.2t '). .i.:'ll, ~mp ~ it-'~.rne !}. ;i ~lll1'ple \Jype~,~~F.II~ .f1"r!le{f·~~ ~? """0.; ,·..•.f ,. , ., '1' CO!1Centr~ijon , f~'J ,",,'n',, · ""'~~ Con~ntratlon ' SfAccur~~Y. (o/~lt i
~t~/i:!i. ~{;tJ:,~~~~>~:'-:+W~,~t:§iK-i,jl;?l~~\>.;"J!$.¥~~1; d,*r1fAl~i(5t;~tiX~'c~~, i1:~~~J~g,'t!lts,}?, ~i$~'tn~a(mi!)'f(~i ~~~~~~~,p~l~~& fi!tJ#.~in·almtrl,:~y m'·':~~"'~'-!·i"~;·"P 

1 ~~~;;~' F4control ESM Standard July\21-07-04.wiff O.OOe+OOO 0.00 2.11e+00S No Peak iN/~Ollr ~..!.{[-1,/'2 ()'d- II 


2~:ffjf;: F4+1 ppb ESM Standard July\21-07-04.wiff 3 .88e+003 1.00 2.31e+005 1.02 102. \ U " Q (,.ofi i,;' ';0' . ~ -(1 . ,"1 ,\ 1, ,' ; J 

1J31~f.~~ F4+2 ppb E5M Standard July\21-07-04.wiff S.0ge+003 2.00 1.80e+005 1.S7 78.?_'_1_L [ .0 ~ 'lCf 
1141{~8"t F4+3 ppb ESM Standard July\21-07-04.wiff 1.S0e+004 3.00 2.S2e+OOS 3.09 103. J 

5;~~~ F4+S ppb E5M Standard July\21-07-04.wiff 2 .2Se+004 S.OO 2.22e+00S ) S.12102.. ,i--- 
~ - '~ -'. 

6~~1 July\21-07-04 . w~ff 1,11e+003 0.00 2.11e+00S 0.279 ,N/A\, mer ?>Jr'1'3/'~L~' c':. ~ F4controIESM~~ndard 

'Gti.t,~fl F4+1 !,pb E5M Standard July\21-07-04.Wlff 4.46e+004 1.00 2.31e+00S 1.03 103. \ u;z c ,o!{, r I' _ 0 ,00. ~ ,:_:> 

18pi':i~ F4+2 ppb E5~ Standard July\21-07-04.wiff S.04e+004 2.00 1.80e+00S 1.38 .?8.~--;>_ ?0<;;~~1.) 

9·U&;!l':'~; F4+3 ppb E5M Standard Ju\y\21-07-04.wiff 1.B4e+00S 3.00 2.S2e+00S 3.1B , 106. / 

10~t~ F4+S ppb E5M Standard July\21-07-04.wiff 2.70e+00S S.OO 2.22e+005 5.13 3'~
. -1-:-0- /'------

Ir1 .1 ,;~J F4 control E5M Standard July\21-07":04.wiff O.OOe+OOO 0.00 2.11e~005 No Peak N/A\ LfClit_ ,""" !- ,-~/i :,,;-. (I 

111?*'Sf1 F4~1ppbE5M Standard July\21-07-04.wiff 2 .68e+003 1.00 2.31e+00S 1.22 122. \ (.I i),O.,) !}·) 11 - (I . " J (f 3 I

IIJ3'\;~1: F4+2 ppb ESM Standard July\21-07-04.wiff 4.00e+003 2.00 1.80e+00S 2.32 116. I -{ ..,_ 0.0'"), ~ 
1114~~ F4+3 ppb ESM Standard July\21-07-04.wiff 4.81e~003 3.00 2.S2e+00S 2.00 66.8 / 

~5 J:'%:~ F4+S ppb ESM Standard July\21-07-04.wiff 1.16e+004 S.OO 2.22e+00S 5.42 1.08') 


~ F4 control ESM Standard July\21-07-04.wiff O.OOe+OOO 0.00 2.11e+005 No Peak / NrA'( Lr{'d,,- 13 1,,1 /.') :~..; -1 .' (I 

:t!;~~:: F4+1 ppbE5M Standard July\21-07-04.~ff 8.35e+003 1.00 2.31e+00S 1.10 I 110. \ ' ~ o ,.]'\ 1'\' - (1 (I ~·i
. L, 

18 ~~~~~ F4+2 ~f'b E5M Standard Ju\y\21-07-04.W~ff 1.2Se+004 2.00 1.80e+00S 2.02 ( 101. I -J:,'::: o , <i ,~: . :~~ 


[~ F4+3 ppb E5M Standard July\21-07-04.wlff 2.1ge+004 3.00 2.52e+00S 2.S1 L .8_3::-:."...8-t-!____ 


20 ,.;;1' F4+5 ppb ESM Standard July\21-07-04.wiff 4.12e+004 S.OO 2.22e+00S S.26 \ ~L__-_ 


l_ __ ._ --------------------------------._--------------------------------------------------------.-- 



<" I I'- ~ \ 1"')1 \. ) , ")ll 'i ' I, ' , ..... -. )

Printing Time: 0 4 :00:43 PM API - 30DD 5N/D-1227D307 Chemistry, CU. Page 1 of 1 
Print ing Date: Thu r 9day, Ju l y 22, 2004 n ,i'" ~ ;.1 : 1 
Samp l e Name: S 1 4 control ESM Ac q. Fil e : Malachite green-Leucoma la chite green .dam , . . Sampl e Name : 5 1 4 con tro l ESM r· ; I 

&t:~ . ~[:~~~ifk~1'&~t;l:j!.:\'?~. ;:;0i!rL:t±')~f,'i~~i~j!~~ {jf~J ;~1'i~~~:k.~<~l':~ :-~if;~' ' l " ' ;..,;C~~~' ,%;ki IYte-'Wp~'r:k-~ r.~ii"~~ Iyte~f~ ;'lsp:ilj(~A~~~ u!ated1;:; f~~:~~;>~ ~;'~:><':,' 
~ OJ~:.,~:t-,-r;: j:#'Sample: Name',;l ;SampleJ'ype~ W!'\b Flle >Nam~ <,1'l~ ' ;~ ~ ,', ~ 4'" :,' Co.,centr~tlorF 'Ji:.J;It. ". . ~, ~,"\.Concentratlon" :NAcc:uracy (%)

;~~ ~,' ~4 iWlr.~ '!-t~f;.:-V:~:t,:·~;...;-w ...r):v!/ ~~.~~:~,~,:~..~~rf~ !--:rt"'~ \~""~#\:,.,~~~!!$~~~~ t::::~~~~ :t~..~.:~J~oun~} ~ ;t?"!' (nalmL\';...1~t ~~'t~~~.~r'~)~~3~~ ,j)" ... . ~~· i ·na/mL\··+) .;~ .. ,~,~~, ':1' .~\~ .~ , _ 

~ S14 control ESM Standard July\21-07-04.wiff O.OOe+OOO 10.00 S.01e+004 No Peak N/A \ (J )(r:- )01' _1, , .:-·,S;. (I 
2:'~~;:~: S14+1 ppb ESM Standard July\21-07-04.wiff O.oOe+uuu 1.UU ~ . ~4e+U04 NO t-'eaK NfA \ . 

3 ;}~·:J:.. S14+2 ppb E5M Standard July\21-07-04,wiff 4.31e+002 2.00 4.72e+004 2.13 107. \ l \ -;: O~0! -:) ~~ r ./ ,,'"\' 
4i':R~~~ S14+3 ppb ESM Standard July\21-07-04.wiff 4.27e+002 3.00 3.80e+004 2.51 -----.l.. 83.6 : ' 

I ~~~~::~':; ?14+S ppb ESM Standard July\21 -07-04.wiff 1.54e+003 S.OO S.67e+004 S.34 - \ 127. '" -r ::; P ,c],>7,:: 
l6.~ S14 control E~ Standard July\21-07-04.wiff O.OOe+OOO 0.00 5.01e+004 No Peak N/A \. 

17 ::~~~ S14+1 ppb ESM Standard July\21 -07-04.wiff 1.07e+003 1.00 2.24e+004 0.975 97. 5:=LJl~'r!cr'J / -:; r ~~ . c-! 
e;:.~~!_ S14+2 ppb ES~ Standard JUIY\21-07-04 .~ff 4.91e+003 2.00 4.72e+004 1.99 99.S i (A~_ .0;, ( [I. X- + (j. 0 J !,C ) 

§I t,)!~ S14+3 ppb E5M Standard JUIY\21-07-04.W~ff 5.66e+003 3.00 3.80e+004 2.80 93.4 : ....J -. _ ('J ,cr';r-S 

1 19~~~:~ S14+5 ppb ESM Standard July\21-07-04.~ff 1.57e+004 S.OO S.67e+004 5.13 '. .!03. 
11 ;;,!;; S14 control E5M Standard July\21-07-04.W1ff O.OOe+OOO 0.00 5.01e+004 No Peak N/A' \ 

1,1f~i S14+1 ppb ESM Standard July\21-07-04.wiff 4 .2ge+002 1.00 - 2.24e+004 0.925 92.S \ 1.. rillT' ;-; ('I . ~~ ' ;~ i' (I 
1 1 :1 3;1i~ S14+2 ppb ESM Standard July\21 -07-04.wiff 1.72e+003 2.00 4.72e+004 1.90 9S.0 I ~~ n. (1 c:~. ;< ,.2 .i - __rl (/\:~;. ',1H~j,;~ S14+3 ppb ESM Standard July\21-07-04.wiff 2.5ge+003 3.00 3.80e+004 3.69 , 123. .' ' . I) 


1115 :jii~* S14+SPPbESM Standard July\21-07-04.wiff 4.83e+003 S.OO S.67e+004 4.64 \ 92.9 \, ~ 0'7)11.., 

1!16 'j;~ S14 control ESM Standard July\21-07-04.wiff O.OOe+OOO 0.00 5.01e+004 No Peak N/A 


1117,~~l S14+1 ppbESM Standard July\21 -07-04.wiff 1.90e+003 1.00 2.24e+004 1.10 110. t. I'I16 :7'3 1· :)/]}-'"j , C)

b ",= ~- , 


1F18~~ S 14+2 ppb E5M Standar~ July\21 -07-04.wiff 6. 36e+003 2.00 4.72e+004 1.91 ?S.4~.....? () . 0 y;'""'....' /!- -0 ' OJ ~ ~; 


1119 ;~~;., S14+3 ppb ESM Standard July\21-07-04.wiff 9. 13e+003 3.00 3.80e+004 3.61 120. 1;- =- 09 "1-:)-:] 


Il~O ,~M~ S14+S ppb E5M Standard July\21-07-04.wiff 1.72e+004 S.OO S.67e+004 4.6S ' 93.0 ' __ . . 


L...._____ 



Printing Time: 04:53:19 PM API-3000 SN/D-12270307 Chemistry, CU. Page 1 of 1 

Printing Date: Tuesday, July 13, 2004 
 stet. de( 2-1 

Sample Name: S14 Control E4 Acq . File: Malachite green-Leucomalachite green .dam, .. sample Name: S14 Control E4 

Ii 



Printing · Time: 04:54:20 PM API-3000 SN/D-12270307 Chemi5try, CU. Page 1 of 1 
Printing Date: Tue5day, July 13, 2004 
Sample Name: S14 Control E4 Acq . File: Malachite green-Leucomalachite green .dam, .. Sample Name: S14 Control E4 

• 13-07-04 validation standard addition LMG.rdb (LMG 331.3/239.4): "Linear" Regression ("No" weighting): y = 0.222 x + -0.0785 (r = 0.9881) 
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Printing Time, 04:54 : ]1 PM API-]OOO SN/D-12270]07 Chemistry, CU. Page 1 of 1 
Printing Date: Tue5day, July 1], 2004 
Sample Name: 514 Control E4 Acq. File: Malachite green-Leucomalachite green . dam, .. Sample Name: 514 Control E4 

• 13-07-04 validation standard addition LMG.rdb (LMG 331.31 165A): "Linear" Regression C'No" weighting) : y =0.0208 x + -0 .00658 (r =0.9867) 
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- ( ( 
Printing Time: 0~:5B:17 PM API-3000 SN/D-12270307 Chemistry, CU. Page 1 o f 1 
Printing Date : Tuesday, July 20, 2004 
Sample Name: MG-LHG 0 ppb Acq. File : Malachite green-Leucomalachite green .dam, .. Sample Name: MG-LMG 0 ppb 

. \ 



. Printing Time: 04:57:28 PM API-3000 5N/D-12270307 Chemistry, CU. Page 1 of 1 
Printing Date: Wednesday, July 21, 2004 
Sample Name: 514 control E5M Acq. File: Malachite green-Leucomalachite green .dam, .. Sample Name: 514 control E5M 



C I /1 
, ~ ( .. C ,·': :·(\· , 

Printing Time: 04:53:57 PM 
Printing Date: Wednesday, July 21, 
Sample Name: S14 c ontrol E5M 

2004 
API-3000 SN/D-l2270307 Chemistry, CU. 

Acq. File: Malachite green-Leucomalachite green 

Page 1 

.dam, . . sample 

of 1 

Name~ 514 ·control ESM-., \ \.-..;-" 

• 21-07-04 validation 814 ESM 8TD.ADDn (MG 329.3/208.4) : "Linear" Regression ('No" weighting) : y =0.0163 x + 0.00732 (r =0.9605) 
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Analyte Conc. liS Conc. 



Printing Time: 04:54:49 PM API-30ao SN/ D-12270307 Chemi3try, CU. Page 1 of 1 
Printing Date: Wedne3day, July 21, 2004 
Sample Name: S14 control E5M Acq. File: Malachite green-Leucomalachite green .dam, .. Sample Name: S14 control E5M 

I • 21-07-04 validation 514 E5M 5TD.ADDn (MG 329.3 1313.2): "linear" Regression ("No" weighting) : y =0.0563 x + 0.0367 (r =0.9721) 
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.____________________~nalyte Cone. liS Cone. ___ _ ____~ 



--------- -----------------------

Printing Time: 04:55:55 PM API-3000 SN/D-12270307 Chemistry, CU. Page 1 of 1 
Printing Date: Wednesday, July 21, 2004 
Sample Name: S14 control E5M Acq. File: Malachite green-Leucomalachite green .dam, .. Sample Name: 514 control E5M 

• 21-07-04 validation S 14 E5M STD.ADDn (LMG 331 .3/165.4): "Linear" Regression eNo" weighting): y =0.00648 x + -0.00585 (r =0.9819) 
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Analyte Conc. liS Conc. 



Printing Time : 04 : 57:02 PM API-30DO SN/D-12270307 Chemistry, CU. Page 1 of 1 
Printing Da t e: Wednesday, July 21, 20 0 4 
Sample Name: S14 control ESM Acq. File: Malachi te green-Leucomalachi te green . dam, .. Sample N.ame: S14 c ontrol ESM 

• 21-07-04 validation S14 E5M STD.ADDn (LMG 331.3/239.4): "linear" Regression ("No" weighting): y =0.0549 x + -0 .00818 (r =0.9991) 
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Analyte Cone. 1 IS Cone. 
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Printing Time: 05:43:21 PM API-3000 SN/D-12270307 Chemistry, CU. Page 1 of 1 ! 
.\ 

!c-\Printing Date: Tuesday, July 20, 2004 
Sample Name: S Snapper control ESM Acq. File: Malachite green-Leucomalachite green .dam, .. Sample Name: S Snapper contro~ " E5M 

\ 

~ 
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Printing Time: 05:44:04 PM API-3000 SN/D-12270307 Chemistry, CU . Page 1 of 1 
Printing Date: Tuesday, July 20 , 2004 
Sample Name: S Snapper control E5M Acq. File : Malachite green-Leucomalachite green .dam, .. Sample Name: S snapper control ESM 

• 20-07-04 validation S Snapper std .addn . E5M (MG 329.3/208.4): "Linear" Regression ("No" weighting): y =0.0148 x + 0.000375 (r =0.9818) 
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Analyte Conc. f IS Conc. 



Printing Time: 05:44:15 ~M API-3000 SN/D-1227030 7 Chemistry, cu. Page 1 of 1 
Printing Date: Tuesday, July 20, 2004 
Sample Name: S Snapper control E5M Acq. File: Malachite green-Leucomalachite green .dam, .. Sample N~me: S Snapper control E5M 

• 20-07-04 validation S Snapper sld.addn. E5M (MG 329.3 f 313.2): "Linear" Regression ("No" weighting): y =0.0461 x + 0.0202 (r = 0.9536) 
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Sample Name : MG-LMG 0 ppb Acq. File: Malachite green-Leucomalachite green .. darn, .. Sample Name: MG-LMG 0 ppb 

~i~~il!II~~ll~~~;;~;~i~lf.i~fl~{¥~~;~~f.~;~~~.fi.:~~~1~1{liak{!~I~~rJ[~~, 
1~~~iii MG-LMG 0 ppb O.OOe+OOO 1.2ge+003 O.OOe+OOO O.OOe+OOO 0.00 #DIV/O! 

~;$lj%~ MG-LMG 1 ppb 6. 55e+003 2,20e+004 3,51e+003 3.42e+004 0.298 0.103 

3"~~~~tii MG-LMG 2 ppb 1.0Be+004 3.97e+004 b.33e+003 5,06e+004 O . ;U~ U. 1U!:l 

4~~ MG-LMG 5 ppb 2.77e+004 9. 97e+004 1.40e+004 1.69e+005 0.278 0.OB25 

... MG-LMG 10 ppb 5.50e+004 1,S9e+005 3.47e+004 3.66e+OO5 0.291 0.0946 

6,'~{~); MG-LMG 20 ppb 1.01e+005 3,64e+005 6,88e+004 7.67e+005 0,277 0.0897 

7i"~~ MG-LMG 30 ppb 1.61e+005 S.62e+005 1.05e+005 1.21e+006 0.287 0.0863 

~;,*~':{~ S14 Spiked 5 ppb 4.92e+003 1.60e+004 1. 27e+004 1.24e+005 0.308 0.102 

!:U~~\~JS14 Control E4 10.00e+OOO 10.00e+000 I3. 26e+002 10.00e+000 I#DIV/OI I#DIV/OI 
:1():~ill F4+1ppb -lo.ooe+o~-IO.OOe+OOO \1.02e+D03 19.95e+003 I#DIV/OI 10.102 

r1~1F4+2 ppb 11.97e+003 16.62e+003 14.00e+003 14.04e+OO4 10.297 10.0989 

12~'0'j£IF4+3 ppb 12.69e+003 19,11e+003 16.45e+003 17.48e+OO4 10.296 10,0863 

,1~~~~~1F4+S ppb IS.92e+003 12,06e+004 Ig,64e+003 11.26e+005 10.287 10.0766 

Hff~IF4.1 10.00e+000 10.00e+000 10.OOe+000 10.00e+OOO I#DIV/OI I#DIV/O! 

,1~~~IF4 . 2 10.00e+000 10.00e+000 10.OOe+000 10.00e+000 I#DIV/ol I#DIV/Dl 
,1~~IF4 . 3 10.00e+OOO 10,00e+000 10.00e+000 10.00e+OOO I#DIV/OI I#DIV/O! 

1?f~IF4.4 10.00e+OOO 10.00e+000 10.OOe+OOO 10.00e+000 I#DIV/O! I#DIV/O! 

~~lI F4.5 10.00e+OOO 10.00e+000 10.OOe+000 10.00e+000 I#DIV/O! I#DIV/O! 

j~~4IF4. 6 10.00e+OOO 10.00e+000 10.00e+000 10.00e+OOO I#DIV/OI I#DIV/O! 
?d~~~IF4. 7 10.00e+000 10.00e+000 10.ooe+000 IO. 0Oe+ 000 I#DIV/O! I#DIV/O! 

2.1 '~~.:ff.JF4.8 10.00e+000 10.00e+000 10.OOe+000 10.00e+OOO I#DIV/OI I#DIV/O! 

~W~IF4 . 9 10.00e+oOO 10.00e+000 10.OOe+000 10.00e+000 I#DIV/OI I#DIV/O! 

~~~i'IF4. 10 10.00e+OOO 10.00e+000 10.OOe+OOO IO. OOe+ 000 I#DIV/OI I#DIV/O! 

?4 !;t~~lS Snapper+1 ppb 18.53e+002 13,1ge+003 12.41e+003 12.45e+Q04 10.267 10,0985 

25~' S Snapper+2 ppb 1.93e+003 7.6ge+003 4.47e+003 5. OSe+ 004 0.251 0 ,0879 

26;~i~" S Snapper+3 ppb 2. 96e+003 1.1ge+004 6.32e+003 7. 94e+ 004 0.248 0.0795 

~ S SnaP-per+5 p~ 5.72e+003 2. 15e+004 1.03e+004 1.24e+005 0.266 0.0830 

2ft r,:>v', S Snapper O.OOe+OOO O.OOe+OOO O.OOe+OOO O.OOe+OOO #DIV/OI #DIV/O! 
-~ .. 
29 ~:j.~: L Snapper+1 ppb 2,33e+003 7. 8ge+003 2. 3ge+003 2.37e+004 0.296 0.101 

~ L Snapper+2 ppb 2.22e+003 8.04e+003 3.05e+003 3. 96e+ 004 0,277 0.0768 

~ L Snapper+3 ppb 1.93e+003 7.31e+003 7.80e+003 S.3ge+004 0.264 0.0930 

32~{1 L Snapper+5 ppb 1.06e+004 3.B4e+004 1,16e+004 1.27e+005 0.275 0.0912 

3~:::;i;j L snapper 2.12e+003 7.74e+003 O.OOe+OOO O.00e+000 0.274 #DIV/OI 

t~ Fish ball+1 ppb 9. 56e+002 3.27e+003 1.70e+003 1.78e+004 0,292 0.0953 

1135:i:'t; Fish ball+2 ppb 3. 87e+ 002 1.28e+003 _ 4.0ge+003 5.11e+004 ~,301 0.0801 
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ii 

,Jl'Ul~lJ{t'1.~v-r~mlITllml~1K ~,mnlmln1'U (MG) fl1ffii;'ll:"Jlmi;'l~ (CV) ~llmni;'ll 
lflGln'1'U (LMG) lli;'l~~11f1f11ffii;'l~blm~G) (LCV) ~nf11,j1'U~~'htllV'll~l~lJ,jr"rrenJfl'U l~llmj 
[;;Hl~~lElcil,j~lllfflji;'l~i;'lllJ~ffJJ'lJEl,j ammonium acetate buffer 0.05 M (pH 4.5) nu 

acetonitrile lli;'l~1ifl~'U1JJlmnvhhLl1'Unl<H~n~lli;'l~fI~'U5V'l U~lllml~1K MG, CV, LMG 

lli;'l~ LCV ~lm'r1f1Ufl reversed phase HPLC-UV-VISIBLE nljlllJn~lLllmml'r1ml~Yh 

1~lJ1if\El~JJir"l1U~ Zorbax stable bond C18, 150 x 4.6 mm, 5 flm V'l1ElJJ~llJ guard 

column "l1U~lG\lJln'U1i ammonium acetate buffer (0.05 M, pH 4.5) ll~~ acetonitrile LUll, 

l ~ ffLfI~ El'U~lG)lJY\l gradient elution ml~1~fflj~,j*"l1U~V'l1ElJJn'U~lmfliEl,jmT9]'r~1~lEl~ 
El11mf (DAD) ~'Vii;'lllJmlJJlJllfl~'U~El 618, 585 lliil~ 265 nm nljllml~1Ktl1mrnDl~LI 

ml~mm~l'U'lJEl,j total MG (mmrn MG + LMG) lliil~ total CV (mmrn cv + LCV) lTI~ 
1'IKml~m~j;)1'U~lU'UL~'Um,J1wril,jflllJJl"JJJJ"JJ'U 0.6 ~lg/kg - 6 flg/kg iiG)~ln~~lff~'lJEl,j

~ . 
nlj~jl~l~ (LOD) lYllnu 0.5053 flg/kg ~1'Vi1U total MG Ll~~ OA087 ~lg/kg ~1'Vi1U total 

CV ii~~ln\91~lff~'lJEl,jnlj'VilU1mrn (LOO) l'Yllnu 1.684 ~lg/kg ~1'Vi1U total MG LLiil~, 
1.362 flg/kg ~1'Vi1U total CV fflm1nllml~~tl1mrn total MG Uiil:: total CV ~l~JJiil.,j1'U 
L~ElUiill'Vi'1m ~ml,j~1~iuflllJJl"JJJJ"JJ'U 0.002 mg/kg l~lJ~l tI El1L.jJ'U~nljl~n~1J~'Ulu~lJ, 
55.95 - 75.92 % ~1'Vi11J total MG lliil~ 68.01 - 104.47 % ~1'Vi1U total CV Lliil~~l 

d Q....o a.." G' 0 '1.J 0 Q...o 

lUlJ,Jlu'Umm;)l'UffJJV'l'r1lI 4.36 - 9.60 % ffl'Vi1lJ total MG lLiil~ 1.26 - 6.44 % fflWlU 
'" 

total CV lIT~v-r~'Ul1l'U~fflJJ11mbltl1i1'Um1ml~llml~1KmJJlrnff11miilllflGln'1'U 
fl1ffiiill11miil~ lLiil~LJJ~~lJElliilGl~nf11,j1'U~~l,rlLvn~l~lJ,jl~~iil L1J'U~1-ilV'luh 
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ABSTRACT 

In this study, a method for the simultaneous determination of malachite green 

(MG), crystal violet (CV), leucomalachite green (LMG) and leucocrystal violet (LCV) in 

aquacultures has been developed. Sample was extracted with the mixture of ammonium 

acetate buffer 0.05 M (pH 4.5) and acetonitrile (ACN) using microwave assisted 

extraction and clean-up, and finally MG, CV, LMG and LCV were analyzed by reversed 

phase HPLC-UV-VISIBLE. Chromatographic separation was achieved by using Zorbax 

stable bond CiS column, 150 x 4.6 mm, 5 ~m with guard column, ammonium acetate 

buffer (0.05 M, pH 4.5) and acetonitrile as mobile phase with gradient elution, and multi

wavelength detection with diode array detector at 618, 585 and 265 nm. The external 

calibration curve of the total MG (the amount of MG + LMG) and the total CV (the 

amount of CV + LCV) were used for the quantitation method. The linear working 

concentration range was 0.6 ~lg/kg - 6 ~g/kg. The limit of detection (LOD) for total MG 

and total CV were 0.5053 ~lg/kg and OA087 ~g/kg, respectively . The limit of 

quantitation (LOO) for total MG and total CV were 1.684 ~lg/kg and 1.362 ~g/kg ~lg/kg, 

respectively. Average recoveries of total MG and total CV from spiked sample of fish 

and shrimp muscle at 0.002 mg/kg level were 55 .95 - 75.92 % and 68.01 - 104A7 %, 

respectively with relative standard deviation of 4.36 - 9.60 % for total MG and 1 ~26 

6A4 % for total CV. The proposed method was applied for the determination of MG, 

CV, and their metabolites in aquacultures with satisfactory results. 
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lmitBtJ~l~lBcilJ~l~:lJ MG, CV, LMG, ll~:: LCV "1!ii~~:: 


0.002 mg/kg ~lm'Yl~ii~ HPLC-DAD 1~m~1mJ~lBcilJ~'J1J 

recovery ll~:: relative standard deviation "LIBJ total MG (MG 21 

+ LMG) lL~:: total CV (CV + LCV) 

.,; 
(?Il':llJ'Yl 1.1 

(?Il':llJYi 3.1 

(?Il':llJ'Yl 3.3"" 

.,; 
(?Il':llJ'Yl 3.4 

.,; 
(?Il':llJ'Yl 3.6 Recovery ll&1:::: RSD "LIB\! total MG lL&1:::: total CV l'U spiked 24 

sample .yb::~lJWn:lJl'iT:lJ'iT'U 2 flg/kg 

.,; 
(?Il':llJ'Yl 3.7 ~~nlJ1Lml::~tJ1mlli total MG ll~:: total CV lwi'lmi1\!litB 26 

tJ ~llW:: l itmlJ~~l'VI ~1 tJ1'U~~l~ ~~ lL~::1wrrtJ L 1l BfmfL!l~, , 

22 

http:n1"HL~;JL~f.)'u.nJn1"i~"lT~y.jU


vii 

!.1TaUru1l1'1Al (List of Illustration)
OJ 

1t1~1.1 lm~~fl~·lH)~ malachite green, crystal violet, leucomalachile 

'" 


green Ufl:::: leucocryslal violet 


lmml'Ylllm~'lJtl~~11i'l::::~nfJm~1!1'U'lJtl~ MG, CV, LMG LLfl:::: 15 


LCV flllm'll:IJ'll'U 0.030 mg/L 


mlm'll~'ll'U 0.003 - 0.030 mg/L 


')t1~ 3.3 lm~~fl~'lJtl~ MG LLi'l::::L~Gl~Utll.flGl 19 


Calibralion curve 'lJtl~ (n) MG ('1J) CV (fl) LMG (~) LCV 1'U'rh~ 17 


'" 

ml'v~m~1!1'Ul::::'Vil1\l total MG (mg/L) nu total peak area (mAU) 20 


ml'v'1m~J!1'Ul::::'Vil1\l tolal CV (mg/L) nu total peak area (mAU) 21 




d 

U'Yl'Yl 1 


o 

U'YlUl 

malachite green (MG) llt:l:: crystal violet (CV) dJ'U,~l'HI'l~~mB~jm~l'Vn::l~tJ,1~~l
'\J 

JllJl~~ltnbmhi1'Umjl'Vn::l~tJ,1U~llyju1Ju~n'Ullt:l::1n'Blljl'l~ln~,;)lnL;fiml ,;)~'U'Yl1rJ lh~~ 
q 

ll~ ::lUj1~9h1mtl ~\lltJ'Ul'lll:JJl'lllh~l3.ifln~u~ l~u\l,;)ln~lj~\ln~11l3.il~1Uu'Urul~1~1'1J1 'U 
'\J q v 

~~ ~i1lli9'lul~ljl~u\l,;)ln ul,;) ri u 1 iln~ 5'U~jl tJG1 u~u1l.nl'll~ 
'\J 

H Me N 
2 

Me N Me N 
2 2 

malachite green (MG) crystal violet (CV) 

H Me N 
2 

NMe NMe 
·22 

Me N Me N 
2 2 

leucomalachite green (LMG) leucocrystal violet (LCV) 

1tl~ 1.1 lm\l~1l\l'lJu\l malachite green, crystal violet, leucomalachite green Ll~:: 
" 

leucocrystal violet 
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MG llill:: CV lU'U,l.nd~ i~H)cil'U,n~:JJ N-methylated triphenylmethane 1,2 lnU,~ld~iJ
'IJ , 

flll:JJ l U 'U, ~ M~,j ~ eJ i'.illl ~ rJ..J 1:1 n~1 rJ'U,:JJ 3 n n'.il '.il.nu 1~~1 tJ ~1'U,Yll..J nd::ll~,rll '.il1l.n:JJ l-Dl ~ 
'U ~ '\J '\.l 'U 

ldm~ eJ ld eJ iJ md~::~:JJ ~ldl 'vHlldlmJ1:JJlrn~rt..J eJl~yh1Vi'ln~L U'U,L'Il1:1~:JJ::l1..Jl~ 3-7 <;)..JJ'U, 

hl,U fl.f'\,1978 1.h::lYlf'\~~~~eJl:JJ1m~..Jfl1ufl:JJmdli MG eJcil..Jl-D:JJ..J1~ll1:1:::eJ'U,rul~ll~1i
.u It ~ OJ 

lU vn:::mb tJ ..Jlm 'vIIl:::l~ tJ..J l~ eJlL 'vii 1~'U,1hyhJ'U, tb:::L Yl f'\1'U, n ~:JJ ~~ III 'vii 1I1dUlaJ eJ 'U, rul '.ill~1i 
q q q " v 

L'I!Un'U, 
~ Q...o A V Q.J 0' 

d:::uumdl'.ileJ'U,1l1l~'U,meJl~ldlL1:1:::eJl~ld~~1 (Rapid Alert System for Food and 

Feed: RASFF) 'lJeJ\l~~lll'vll~hu (European Union, EU) 1~ll-:il,jl~eJun\lmd~d1~y.ju MG, 

CV, LMG lL1:1:: LCV l'U,l'd'eJU1:11Ll"rill-ii..J~\llU'U,~'U,f1l~..JeJeJmnnUd:::lYlf'l~1,j") <;),jdlllill::l~lI~l'U, 
'.illdl\l~ 1-1 'U,eJn~lnd Commission Regulation No. 2002/657/EC l~rh~'U,~ minimum 

required performance limit (MRPL) ~1~~umd~lU1mrn MG Ll1:1::: LMG ~~m)l..JLU'U, 2 

I-1g/kg 6-8 ud:::li1f'11YlrJ~..J~eJ,jiJ1TImdm1~1~u1:JJlrn'lJeJ,j MG Ll1:1::: CV ~'.ilnf1l\ll'U,l'd'eJU1:1l 

l'jl~eJmufI:JJlaJ1Vi'~'U,f1l~\leJeJn'lJeJ\llYllliJ MG Ll1:1::: CV '.ilnf1l,j lyjmuuud::1l1"lJ1r'Yll\lLmM~n'il, ~ 

h~lumd~..J eJ eJn~'U,f1l 

l'U,eJ~'.il'il::iJmdllml:::~lU'jI~1::u1mrn'lJeJ..J MG llill::: CV ~'.ilm1l..Jl'U,ld'eJU1:11L'YhJ'U, 
~tlmlJ~~nMl'vllu"h ldeJ MG LL1:1::: CV L-Dl~ld'm~eJ'lJtl..JuiIll ~:::Ln~l:JJLL'YlUEl~.n:JJ n1:1lmD'U, 

'IJ 'IJ 

leucomalachite green (LMG) LUi::: leucocrystal violet (LCV) ~l:JJ~l<l1U 2-7 YhlVi'~Jl'~laJy.jU 

MG lL1:1::: CV ll~LdeJlJmJml~1~u1mrn LMG LL1:1::: LCV ~L~:JJlaJl~'.ilJ1'illlflJl:::~ V'lUl1lJ 

LMG ll1:1:: LCV ~nf1l..J1'U,l t1tlU1:1l r'h1Vi'Ln~mlm~lI~llllmll'U,mJ~\l tl Eln <l1..JJ'U,~..Jfll'.ilJ 
m'.iVi<ilJ'U,11TIl~1fJ:JJ<l11 eJ cil..JlLiIl::1TIllml::~~ l~m:::~:JJ ~1~~umJ~lU1m rn~lJrt\l 4 "l1U~~ 
'.ilnfll..Jl'U,Ld'E1UiIll 1~fJ1iLfl1E1,j high performance liquid chromatograph (HPLC) ~iJmj1'U,

'IJ 

Vi'E1\llJ5u~mJllml:::~LL1:1::Yl~ ~E1U E1l~lJl~ lIrrllU 

http:YhlVi'~Jl'~laJy.jU
http:1~ll-:il,jl~eJun\lmd~d1~y.ju
http:lU'U,l.nd
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(Yll11\1~ 1.1 n1Jll-;ij~l&ie)'U,D-:Jn1J(YlJT'U'VnJ MG, CV, LMG ll~:: LCV 1'U,li1'El'IJ~lll!lll-ii-:J~ln 

'th::lYlf1Gh~") 'lIEl~J::UUnl'H&im1..ntJ~'U,~lEllVlljll~::EllVllj«(Yll (Rapid Alert System for 

Food and Feed: RASFF) 'lIEl-:J1:l'Vlfll'JAlfj,h'IJ 

Date Reason for Notifying Notified by Country of origin 

03/01/2006 Unauthorized substance leucomalachite green in frozenSpain Vietnam 

fillets of pangasius 

19/01/2006 United Unauthorized substance leucomalachite green in frozen Indonesia 

Kingdom catfish 

24/01/2006 Unauthorized substance leucomalachite green in frozenSpain Vietnam 

pangasius fillets 

14/02/2006 Poland Unauthorized substance cry tal violet and leucomalachite Indonesia 

green in frozen gutted eel 

14/02/2006 Poland Unauthorized substance leucomalachile green in frozen China 

gutted eel 

27/03/2006 United Unauthorized substance leucomalachite green in frozen Vietnam 

Mekong catfish slices Kingdom 

07/04/2006 Poland Unauthorized substance leucomalachite green in frozen Vietnam 

panga fillets 

18/04/2006 Greece Unauthorized substance leucomalachite green in frozen Vietnam 

pangasius fillets 

01/05/2006 Belgium Unauthorized substance leucomalachite green in frozen Vietnam 

fillets of pangasius hypophthalmus 

17/07/2006 Poland Unauthorized substance crystal violet and leucomalachite Indonesia 

green in eel 

17/07/2006 Poland Unauthorized substance malachite green, crystal violet, Indonesia 

leucomalachite green in frozen gutted eel 

17/0-7/2006 Poland Unauthorized substance crystal violet in frozen gutted eel Indonesia 

24/07/2006 Unauthorized substance leucomalachite green in frozenPoland Indonesia 

gutted eel 

24/07/2006 Poland Unauthorized substance leucomalachite green in frozen Indonesia 

gutted eel 

18/08/2006 Unauthorized substance malachite green and Poland Indonesia 

leucomalachite green in frozen gutted eel 

Unauthorized substance malachite green and 18/08/2006 Poland Indonesia 

leucomalachite green in frozen gutted eel 

27/09/2006 Greece Unauthorized substance malachite green and Vietnam 

leucomalachite green in frozen gutted eel 

12/ 12/2006 Unauthorized substance crystal violet in frozen salmon United Thailand 

Kingdom skewers 

Unauthorized substance malachite green in trout 23/01/2007 Spain Spain 

Unauthorized substance leucomalachite green in eel08/03/2007 Denmark China via Poland 



4 

.. 
A. A,4J.::::c£:t 'LI 

1.2 i;''l:JJ:IJ (yHl1mb(.'l~\llUT~H.J'YHn£Jl°1Hl\l... 
MG, CV, LMG Ll~:: LCV nLflJ"~11"'llth'jl:IJl~n~fl~lLlfl~"n'U, (JU~ 1.1) MG n~:::;

• 'U 

CV b1J'U~IJ~~.fflll~:::;~ff ~"~I:1JlJn~~n~'ULL~\l1Wlh\ll ~dh1~ 1~ L1'.\1:::;~~n~'U,ll~\I~ml:IJ
'U 'U 

LIl1fl~'U, 618 llfl:: 585 nm ~lmh~lJ 2 Ilil\l'.\11n LMG lllil:: LCV ~\llu'U,~lJ~1:lJiJ.ff1Ll~:::;ldJ 

~ff ~"~~n~'U,ll~,,1~1'U,'ril\l5~ ~Jl111m~~~fl11:JJ L111f1~'U, 265 nm
2 nlJllflJl:::;,,(~IJrf\l~

'U 

Vl18:IJ n'U,1 'UnlJll flJl::,,(fl~\I L~ L11 ~1 m't'l flUfl HPLC 1~ L11 ifli El\l ~J1 '.\11~1~1 El ~ Ell 1 l J6 

(diode array detector, DAD) ~\lm'.\1'r'h1~1~L1mJ~\lluJllDJ:lJ1~lflitl\l~J1'.\11~~~lml:JJLI11 
fl~'U, 'VI ~lLl~l (multi-wavelength) Ll~::'.\11n~Jll'\AI~.ff1~ ll~ nllil\l!l'U,'ll El\l ~IJlVI i:h1i mJl~Eln1i 

ly.j~Lfl~mb~ (mobile phase) ~uJ:::;nElU~lL1~lYll~::~lLl 2 'l1U~~~.ff1Ilil\ln'U,1'U,~mh'U,~ 
L'VI:IJl::~:lJnlJ ~lJlLGi~::'l1U~ (gradient elution) Ell '.\1 '1'111~~l:lJlJmlLi n~IJrf\l ~1~El cil\l~:lJUJrn 

'U 

U'.\1'.\1U'U,nlJ1LflJl:::;i-fu'1:1Jlrn MG, CV, LMG Lllil:::; LCV ~~mrl.JElci1'Ul.nElU~1 ~1'U 
• 'U 

1mjJ11il't'lflUfl liquid chromatography/tandem mass spectrometry (LC-MS/MS) ~.J~El"li 
Lfl i El \I ~ 8 ~ ~ Jl m II '\AI /.4.6,7 ~"Ell'.\1~~ n U ~ \I m1ilY1fl Ufl H PLC Yi ~ l fl1 El" ~ Jl~l~ lLlJU 

5~~Jl111m~~-1~LiJ~ (UV-VIS) ~.JliJlmllnn11 llGiL ~El\l~lm't'lflUfl HPLC-UV-VIS ~ 
'U 

r.1'Jll '\AI 11 (sensitivity) (ill n 11 L't'l fl Ufl LC-MS/MS 1'U, nlJl Lfl Jl::i-f~1 JU'1 m rn 'IX8 L1~ \I 

~ldJ'U~8\1 ~mJUrUl~:lJflll:JJ l'll:JJ'll'U (preconcentration) LL~:::;l.'l~mjJunl'U,'.\11m:JJ't'l1n.nill LI 

lITfl~'U,5'\A1 (clean up) ~LV\m:::;~:IJ ~"mJ1i solid-phase extraction (SPE) l~8fl~'U5V1 

r.1'I:1JlJnYll1~~:::;~1 nlL~:::;J1~l11 'U,8mln1i81~1ifl~'U,l:IJlflJLlyhh L11 'U,mJr.1'n~n~:::;fl~'U,5'\A1 9 

1 ~I 3"1 ..., .. .IA 

'U,LJ fl.l'! . 1997 Rushing lLl.'l:::; Thompson L~llfljl::'VI'VIlujmrn MG, gentian violet 

(GV), leucogentian violet (LGV) Ll~:: LMG 1'U,L.nElu~1~mLl.'l:::;u~1lY\flr11~L11il't'lflUfl• 
HPLC-VIS fl~'U,5'\A1i11L1 neutral alumina lL~:: propylsulfonic acid cation-exchange solid 

phase extraction cartridges Ul.'l::1i short-chain deactivated (SCD) reversed-phase 

column (i .d. 250 x 4.6 mm) ~1li8~1L1 post-column reactor l~888n<nl~& LMG lll.'l:::; LGV 

~"lU'U,~lj~ldJilff1~lU~L1'ULU'U~lj~~ff~El MG lll.'l:: GV m:IJ~I~U LUEl1L.n'UGlmjli1 

n~u~'U, (% recovery) 'll8\1 LMG, MG, LGV lll.'l:: GV ~flll:JJl'll:JJ'll'U 10 ~lg/kg 1'U,L.nEltl~l~n
• 

~l'ill'riln1J 75.4 + 3.0, 61.3 + 4.1,72.6 + 3.7 Ll~:::; 87.9 + 2.5 (n = 4) 1'U,L.nElU~IL't'l11rliJ 
"OJ + + + ~ + _fllb't'llnlJ 82 .6 _ 2.3, 48.6 _ 1.8, 72.1 _ 2.1 lll.'l~ 83 .8 _ 4.6 (n - 4) 

1'U,u fl.l'!. 1998 Tarbin ll~:::;flrn::21~l~mtllITmJ~n~Lll.'l:::;fl~'U5'\A1l~81Lml::,,(m:lJlrn 

malachite green LL~:: crystal violet Ll~:::; metabolites (Ieucomalachite green U~:: 

leucocrystal violet) 1m.n8usnL't'l11rl LL~:::;~J1~llml::,,(LLUU screening ~lmYlflUfl HPLC

visible ~jl'.\1u'U,tJ'U,~lmYlflUfl LC-MS (ESP-MS) 1~r.J1if,i)~mhEl\l lead(IV) oxide ~lWrlJ 

on-line oxidation L~mU~L1'U, LMG lLl.'l:::; LCV b1J'U, MG U~:: CV m:IJ~I~1J riu'U,L'JJlm1~1~ 
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~lLJ visible detector nTdlb\;lJl~~~d~~U 2 ~Lg/kg iJlu8fl.n'U<lfnlJl~mhJ~'U (recovery) 

8r.ll WIll,J 66-116% lli.'l::fhdjLJ,Jbu'U:lJlm;;)1'U~iJ~'Y115 (RSD) iJf11l 'Yhnu 1-17% ~l'UnlJ 
~ ~ 

GlJl1lu'UtT'U~lm'YlflUfl LC-MS (ESP-MS) iJ recovery 8ulwrll,J 61-94% lli.'l:: RSD 4-15% 
~ 

htl fl.f'!. 2003 Bergwerff lli.'l:: Scherpenisse 
4 l~b~'UEllIT~nGl MG 1l1mUmJi.'Il 

'" 
b'Y'n::l~lJ,J~l£J Mcilvaine buffer (pH 3.0) - acetonitrile Ui.'l::,"b1.Ufl~'U5'\Alci)ltJ aromatic 

sulfonic acid solid-phase extraction column 'VI~,J1l1mfwj,hlullflJl :: ~~llJ HPLC 'VI1u 

liquid chromatography/ tandem mass spectrometry 'IfUGl electrospray ionization (LC-ESI

MS-MS) iJnlJlGi~ ascorbic acid Ui.'I:: N,N,I'J' ,N' ,-tetramethyl-1 ,4 -phenylenediamine 

dihydrochloride lY1Eli.'lGl de-methylation "l.I8,J MG lbi.'l~rT,Jfl,Jli Pb02 post-column oxidation 

riEl'U~~18r.ll,J1l~b1h~ visible detector (620 nm) 'VI1El LC-MS/MS LGllJli multiple reaction 
~ 

monitoring (MRM) mode ~lmJflml1l1lflJl:::~ MG 'VI1El LMG ~J~~u 2.5-2000 ~lg/kg l'U 

catfish, eel, rainbow trout, salmon, tropical prawn, turbot LGlfJiJ detection limit 1 fJ.g/kg 

~l'VIrU HPLC ll1:1:: 0.2 fl9/kg ~l'VIrU LC-MS/MS iJ recovery "l.IEl,J LMG l'Yilnu 86 + 15% 

~l'VIrun,J Ui.'l~ 105 + 14% ~1'VI1UUi.'Il1.'VIi.'I 'U8n1l1nUrT,J1.'ii'Jl£J\l1'Ul1nlJll'1h~Elnn1J\llb1:1::
q 

i.'I::i.'IllJ nlJlnul1~8rn'VIlliJ 4 °c ll1:1:: -20 °c n~1:1m:::'YlUv1El recovery 'lJu,J MG ll1:1 :: LMG 
q ~ 

1'Uti fl. f'! . 2005 Scherpenisse Ui.'I:: Bergwerff 6 l.'ii'l~'U8 1 TI'VIlu'1m ill LMG 1'UvdEl 

Ui.'I~1 l'Yl11tlll1:1 :: ll '\Al'Unll'lllJ ~'ii'1 m 'YlflUfl LC-MS/MS LGl fJ ~nGllUElUi.'Il ~l LJ Mcilvaine buffer.. 
acetonitrile U~lfl~'U5'\Al~1£J aromatic sulfonic solid phase extraction column 1l1mt'U 

lu~rm LMG l'IKlu'U MG LGlfJ post-column oxidation ~lU Pb02 lbi.'l:::lbflJl::~u'1:lJlrn~lU 

LC-MS/MS l Gl £Jli multiple reaction monitoring (MRM) mode (m/z 329 -) m/z 313) 

.,; 


detection limit. = 0.11 ~Lg/kg quantification limit = 0.18 ~Lg/kg lbr;:l::: recovery = 66% 'Yl 

~ ~ ~ 

J:::GlU 0.4 ~Lg/kg LLi.'I:: 112% Yl1:::GlU 0.1 fJ.g/kg 

l'UtlL~uln'UU Valle Ll1:1:::flrn::71~Ww.IJ'U11ITnl1'V11u'1mrn'lJEl\l MG LLi.'I:: LMG l'UlUEl 

t.li,11LL"lli.'l~El'ULmJli oxidative pre-column LU~U'U LMG l'IKdJ'U MG riEl'U~1l:::GlJl ';irrGltl'1mrn 
LGl m 'YlflUfl liquid chromatography-atmospheric pressure chemical ionization mass 

spectrometry (LC-APCI-MS) recovery "l.IEl,J MG LLCi:: LMG l'UlUElt.li.'llbL"llCi~El'U~fhl'Yilnu 
85 % lbi.'l~ 70 % Gll~~l~U (Yi 2 fJ.g/kg) f11 RSD 'lJ8,J LMG lLi.'I::: MG ~fhl'yhnu 1.3 % 

lli.'l ::: 3.1 % Gll~~l~U 
.d' 11'1~'" Q

'UEln1l1n'U Mitrowska lli.'l::flrn::: bGl b"lil'Ylfl'Ufl liquid chromatography-visible/ 

fluorescence detection l'UnlJ'VIltl'1mrn MG lli.'l:: LMG l'UlUElU1:11ml'Wr1" LGl mblUElti 1:11 

m~nGl~llJ acetonitrile-buffer mixture lli,1::: dichloromethane fl~'U5'v~~llJ SCX solid 

phase extraction column lli.'l~llml~~~lfJ HPLC lGlul:!Jli Pb02 post column ml1l1Gl 
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MG ~lll visible (620 nm) LL~:::~l'n'<ill~ LMG ~lll FLO (Aex = 265 nm LL~::: Aem = 360 

nm) MG LLIi1 ::: LMG il~lL'Yhnu 62.8 % LL~::: 91.5 % IiIl:IJfil~lJ (Yi 2 fJg/kg) fil RSO 

'lH)\l MG LL~::: LMG il~lL'Yhnu 8.8 % LL~::: 6.1 % m:IJ~lC;)u lTIdli recovery i~LL~ 60.4

63.5% Yh:::~mnl:IJL'JJ:IJ'lYu 0.5, 1, LL~::: 2 ~Lg/kg ~l~rU MG LLI;'1::: 89.0-91.5% ~l~rU LMG 

il~l RSO l'Yhnu 10.9 lLI;'1::: 8.6% ~n:lJfiliu detection limit Lyhnu 0.15 LLI;'1::: 0.13 ~Lg/kg 
, Q....o 0 V a Q..; Cl 

L1.I;'1::; quantification limit L'Ynnu 0.37 LLI;'1::: 0.32 ).lg/kg ~l'V\lU MG ll~::: LMG m:IJ~l~U 'lJ\l 

dJ'U.1.U~l:lJ minimum required performance lirnit (MRPL) 2 ).lg/kg 

luu rH'! . 2006 Lee 1.LI;'1:::f1rn::: 121.~L~Ue:J1IT~lU1mrn MG LL~::: LMG l'U.~l'U.~n'U.1.~ 

'lJe:J\lLde:JUI;'11Yle:J\l~,.,HJ1IT liquid chromatography-ion trap mass spectrometry 1~lIli1.Ylf1Uf1 
"time segment" 1.1.fl:::il atrazine-d5 dJ'U. internal standard nl'l~n~ MG 1.lfl::: LMG Yi11~ IIIi 
perchloric acid UI;'1::: acetonitrile ~1:lJ~11l dichloromethane f1~u5~~~ilLl Strata-x polymeric 

solid-phase extraction column l:::UU HPLC fieJ reversed-phase, gradient mode L1.~::: 

~lU MS/MS L1JUL1.UU multiple-reaction-monitoring, positive ESI-MS linearity 'lJeJ\l matrix 

calibration curve mjlwnl\l 5-500 ng/mL ~l~rU MG 1.1.1;'1::: 1-100 ng/mL ~lwhJ LMG 
'U 

recovery nfilmnwh 71% ~l~rU MG Yil:::C;)U 2, 10, 30 ng/g L1.fl:::mnnl1 89% ~·l~rU 

LMG Yil:::~U 0.4, 2, 6 ng/g RSD l:!.ldlu 8% detection limit L'YllnU 0.13 ng/g ~l~rU 

MG LL~::: 0.06 ng/g ~l~rU LlV1G 

13"]'"""'" 1 01 """ AHalme LL~:::f1rn::: b~llml::;~ MG 1.1.1;'1::: LMG 'U.LJI;'111.Yl11Yl~lllLYlf1'U.f1 LC-MS/MS, 

positive-ion electrospray 1~Llli LMG-05 dJU internal standard lunl11lml:::~ LMG L1.~::: 

brilliant green (8G) 1.tJu internal standard l'U.nll1lml:::~ MG U11nl.ll11~ recovery eJ~ 

lwril\l 58-65% (RSO = 7.8-11.2%) ~l~rU MG LLI;'1::: 59-68% (RSD = 9.7-16 .9%) ~l~rU 

LMG l.l~::: detection limit 1.'YllnU 0.13 lLI;'1::: 0.16 ~Lg/kg ~l~rU MG llfl::: LMG m:wfiliu 

~lU quantification limit l'YllnU 0.22 1.ll;'1::: 0.27 ).lg/kg ~n:wfiliu 

CL.J .o::::.d .d CL...oo lOa..... .c. . t: .::::t 

1. ~<mU11TIm1l<7l1L1:W<7l1BlIl\l~1'\,nUm11Lml:::~ MG, CV, LMG 1.1.~::: LCV 'Yl 

~mll\llU~<7l1\tl1. ~l:::1.~LI\l 
2. ~@J'U.llIT11.f111:::~U1:lJlrn MG, CV, LMG 1.1.1;'1::: LCV ~liIni)l\llu~~l\tl1.~l:::1.~[J\l 

1.4 l.hi~T~'l5uri~l~~l:U~lcK-'ru 

1. l.~lTI1Lf111:::~ MG , CV, LMG 1.1.1;'1::: LCV ~<7lni)l\llu~~rhtl1.~l:::l~LI\l~t:ln~eJ\l
'U 

« "', J' 
~:::mn l11i11.11 'V\1eJ\l11l'lJU 

2. 1.~'iJeJ:Wfl~rnu:::mlli1ni)l\l'lJeJ,'j MG, CV, LMG 1.1.~::: LCV l'U.~<7l1Jll~1:::L~1I\l 
'U 

http:l11i11.11
http:U.LJI;'111.Yl11Yl~lllLYlf1'U.f1
http:L1JUL1.UU


11 'Yl 'Yl 2 '" 


n1J~'hfl"n::~ MG, CV, LMG LL~:: LCV ~lm'YlflUfi HPLC-UV-VIS t11hHJ1i Agilent 

Technologies 1100 series HPLC system ~.J'lh::ne:JU~lrJ binary pump, degasser, 

autosampler, column heater LL~:: diode array detector (DAD) n1JLUJn MG, CV, LMG 

LL~:: LCV 1iL'YlflUfi reversed phase chromatography 1~rJ1iflEl~:lJ.u'lJU~ C18 mobile 

phase ~1i'Lh::nElU~lrJ ammonium acetate buffer (0.05 M, pH 4.5) Ll~:: acetonitrile 

(ACN) l~tJ'I'h gradient elution ll~::1i diode array detector (DAD) ~fll1:lJmlf1~'U 618 nm 

L~1)~J11rr~ MG flll:lJmlf1~'U 585 nm l~e:J~JToiJl~ CV ll~::fll1:lJtJl1fl~'U 264 nm L~1) 
(91Jl1l1(91LMG ll~:: LCV 

1. ,;(.l~lJ~::~lrJmm;)l'U~~:lJ'lJe:J.J MG, CV, LMG Ll~:: LCV fllll,lL-ll':lJ'JJ'U 0.030... 
, ... 

mg/L U(91l'JJ1~ HPLC fi~1l11::~.Jit 
'\J 

I njection volume 100 ~LL 

Column Zorbax stable bond C18, 150 x 4.6 mm, 5 ~m 

Guard column Zorbax stable bond Ci8, 4 x 4 mm, 5 flm 
o 

Column temperature 30 C 

Mobile phase ammonium acetate buffer (0.05 M, pH 4.5) : ACN 

Flow rate 2 mLlmin 

Detection Diode array detector (DAD) 

618 nm for MG detection 

585 nm for CV detection 

265 nm for LMG and LCV detection 

2. u1ui~~1'Ul~tJu1:lJ1(91J'lJe:J.J mobile phase ~1''v~1'lJt11 gradient elution L~Ei~l 

gradient program ~t111V;~n'lJe:J.J~lJ~.J 4 'lJU~LLtJn1l1nn'Ul~~ ~.Jd' 
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I d 

n~l ('Ul'Yl) 
ammonium acetate buffer (0.05 M, pH 4.5) : acetonitrile (v/v) 

" ~ d 

m~'Yl 1 
" ~ d 

m~'Yl 2 
0
~ d 

m~'Yl 3 

0.00 - 7.00 50 : 50 80 : 20 50 : 50 

701 - 12.50 65 : 35 65 : 35 35 : 65 

12.51 - 20.00 80 : 20 50 : 50 30 : 70 

" 
3. u'UiI'U<~hll'Vi'li~'lJEl~~11Y1~ 4 

JJl<ll 1 ~1'U MG, CV, LMG lli.i:: LCV f111:lJl'll:!J'll'U 0.050 mg/L l'lll~ HPLC hH.Jli~Jlll::<lll:!J 
~ ~ 

'llE) 1 lb~::li gradient program ~Yhl'IKYln'lJEl~~11rt~ 4 'liU<llllLlmnml'UlGl~ 

1. '\.b~11i.i::i.iltJ:lJlm~1'Ur-.J~:!J (working standard solution) 'lJEl~ MG, CV, LMG 
'" 

bbi.i:: LCV fI11m'll:!J'll'U 0.003, 0.005, 0.010 LLi.i:: 0.030 mg/L ltJllf111::~Gl"',ltJ HPLC-DAD 
" <-

Yi~Jlll::Yhm.n::~:!JcK~ii, 

Injection volume 100 I-lL 

Column Zorbax stable bond C18, 150 x 4.6 mm, 5 11m 

Guard column Zorbax stable bond C18, 4 x 4 mm, 5 flm 

Column temperature 30° C 

Mobile phase ammonium acetate buffer (0.05 M, pH 4.5) : ACN 

50 : 50 (0.00- 7.00 min) 

65 : 35 (7.01 - 12.50 min) 

80 : 20 (12.11 - 20.00 min) 


Flow rate 2 mLlmin 


Detection Diode array detector (DAD) 


618 nm (0.00 - 7.00 min) 

585 nm (7 .01 - 12.00 min) 
J 

265 nm (12.01 - 20 .00 min) 

2. ~11.,jmlyj:lJl<ll1~1'U1::'Vi "'h~f111:!Jb'll:!J'll'U'lJe:J~~11 (mg/L) lu;:t::~'U~lGlYln (peak 

area) 'lJ e:J .,j~11bb t?i ~::'liu<ll1'UlmJJllmbm:!J 

http:0.00-7.00
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.c:!l ~~.::::t 0,., I -=t 

2.3 nld0m~'TJ5b<Yl'HUJ<Yl1 il ~l\1'YlbVi3Jl:::?l':IJ 

l'U-Jl'Ui~rJdl~~mnlITL~1rJJJG1leJcil-JLvieJiLml::~ MG, CV, LMG bbiil:: LCV l'Uldtl 

l1!;'n~l~JJ MG, CV, LMG bbiil:: LCV (spiked sample) "ll'UCiliil:: 2 ~Lg/kg (0.002 mg/kg) lCilti 

nTl1:i'nCilbbiil::Tl~'Ue)Ylbvimll~~ matrix ~l-J 'J ~~mJ1'UbdeJlliill 4 iIT ~eJ 
'IJ 

il'iti 1 n1·H'tn~<K'J~?lld~:::i.nm:.J?l3J"1.lil\l 0.05 M ammonium acetate buffer (pH 4.5) n1J 

acetonitrile (ACN) 

1. i-Jbdtltliill~i1J~::b~tI~lb~l 5.00 ± 0.01 9 l~~-Jl'U'lJl~Unl'lJ'Ul~ 50 mL l~JJ 

(spike) i,1Tliil :: iilltJmm~1'U MG. CV, LMG lliil:: LCV Tll1m'llmJ'U 1.0 mg/L "ll''UCiliil::: 10 I-JL 

(spiked sample ~1~~ MG, CV, LMG lliil:: LCV "ll''UCiliil:: 2 flg/kg 'VI1t1 0.002 mg/kg) 

2. l~JJ1:i'l'liil::;iillti hydroxylamine (HA) 25% ,JhJl~j 0.5 mL 

ammonium acetate buffer 0.05 M (pH 4.5) 5 mL 1:i'ljiil::;~ltJ p-toluenesulfonic acid (p

TSA) 1 M 0.5 mL bb~::; acetonitrile (ACN) 20 mL bl~l homogenize ~ 10,000 rpm bU'U 
., 

lliill 30 l'U1Yl 3 Tli'-J 

3 . "bltlb'IJ"'U~1yh~-~ 4,400 rpm lU'Ulliill 10 'U1Yl bvimlrJmdulliillutlmnn1:i'lj 

4. 1-5 pastuer pipet ~Cil1:i'ljiil::iilltJ supernatant ~l~-;Ulnmj1:i'nCilbdEltliillJ-J'VIJJ~iil-J
'IJ 

l'U'lJ1Cilllnl'lJ'U1Cil 40 mL Ein'lJ1Cil'VI~-J 
5. l~JJ dichloromethane (OCM) tl1m~j 10 mL "bl11 vortex-mixed lb~ll6IJ'U~1 

~h~~ 4,400 rpm lU'Ulliill 10 'U1Yl 

6. Ul1:i'lj~::iill tJl~~l~l1j::l 'VI tJG1l'Ylliil::iill tiLilbiJ~l tI mwl'Ubln~1 'Ulml-;U'U~ 50 a C 

7. iil::iillt1~lj~l~~lt1~ljiil::~ltJr-l~JJ'lJuJ 0.05 M ammonium acetate buffer (pH 

4.5) bbiil::- ACN (1: 1) mmm 1.00 mL 

8. mtl-J1:i'lJiil::iillt1~lt1 syringe filter 'li'UCil nylon membrane 0.45 I-Jm iil-Jl'U HPLC 

vial 

~ct.::t a.." 'LI 

'Ji)'Y] 2 nld;;<tn<Yl~'J~?lld~:::~l~t:.J?l3J"1.lil\l 0.05 M ammonium acetate buffer (pH 4.5) 

n1J ACN bt~:::~d~'j,j,5~<K'J~ SPE cartridge 'll',"~ cation exchange (Lichrolut@ 

SCX, Merck) 

rh nl'l'YlCil fHhl'll1) 1-5 l'1i'Ub~ til n'JiIT~ 1 'VI ~-J-;Ul nt!Wrl1 mjfl~'Ue)V'lG1-J.ff'U~ u'U~ tIl11d 
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1. ttlfTld~:::~n1.J1fT~1~1ue.hu SPE cartridge ·l.l'U~ cation exchange (Lichrolut® 

SCX, Merck) l<;wYhm~.ffu~Elu~,jd 
lH'UfTJll1::: (condition) ~11.J ACN : DCM (80: 20 ) 3 mL 

- 1~ (load) fTld~:::~ll.J~,j~~~~l~~lnn1dfTn~LdmJ~lmh,jil"J 
- ~l,j (wash) ~ltJ ACN 2 mL 

- "ll::: (elute) ~lU ACN : NH3 (9 : 1) 5 mL 

2. ttl fTld~:::~l tJ~l~1ud:::L'VItJ~l'Yh~:::~ltJ11XLL1X\l~1 tJn1d'V'luLLnfTl1,1,lmL~u~ soac 
3. ~:::\'1ltJfTld~l~~ltJfTld~:::~ltJ(:,IfT~'lJElJ O.OS M ammonium acetate buffer (pH 

4.S) Ll~::: ACN (1:1) 1.00 mL 

4. mElJ~ltJ syringe filter "llU~ nylon membrane 0.45 iJm ~\l1u HPLC vial 

S. ttlfTld~:::~ltJ~l~1ullfldl:::~~ltJ HPLC - DAD 

. 
15TI 3 n1)?Ifl{i\~lU?ll)6l::::6l1!:.HH'UJ~u~ 0.05 M ammonium acetate buffer (pH 4.5) 

flU ACN bl6l::::A~"5'Vlt{i\ul'li SPE 2 'liU{i\ 

1-5 
A ® A 

cartridge "llU~ cation exchange (Lichrolut SCX, Merck) LL~::: SPE cartridge "llU~ anion 

exchange (Oasis ® MAX, Waters) ~,j.ffu~EluGiEllud 
1. ttlt1"ld~:::~ltJ~1~1ue.hu SPE cartridge "llU~ cation exchange (Lichrolut SCX, 

Merck) l~tJYh~l:lJ.ffu~ElU~,jd 
- U11JfTJll1::: (condition) ~ltJ ACN : DCM (80: 20 ) 3 mL 

- 1~ (load) t1"ld~:::~ltJ~,j'VI~~~l~~lnn1dt1"n~Li1'uu~lucil,jil"J 
- ~1,j (wash) ~ltJ ACN 2 mL 

"ll::: (elute) ~lU ACN : NH3 (9 : 1) 5 mL 

2. ttlfTld~:::~ltJ~1~1ue·hu SPE cartridge "llU~ anion exchange (Oasis® MAX, 

Waters)1~ tJYh~l:lJ.ffU~ uU~\ld 
- U11JfTJlll::: (condition) ~ltJ methanol 5 mL 

- 1~ (load) ffld~:::~ltJ~\l'VI:lJ~~l~-:Ulnn1dfTn~Li1'ElU~lucil\lil"J 
.., 


- ~lJ (wash) ~ltJttl milli-Q 5 mL 


- "ll::: (elute) ~lU methanol S mL 

3. ttlffTm:::~ltJ~lhlUd:::l'VItJ~lYh~:::~ltJ1iai\l~l tJn1d'V'luunffl ul~dl-:UU~ 50°C 

4. ~:;l:ntJt1"ld~l~~ltJfTld~:::~ltJ(:,It1"~'lJEl\l 0.05 M ammonium acetate buffer (pH 

4.5) ll~::: ACN (1:1) 1.00 mL 

http:ttlt1"ld~:::~ltJ~1~1ue.hu
http:ttlfTld~:::~n1.J1fT~1~1ue.hu
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5. mEh'lt1'11fl:::flltJ<l11tJ syringe filter 'lJ'U<iI nylon membrane 0.45 IJm fl~1'U HPLC 

vial 

iBn 4 	 n1·HlInVl~"H.lilll)6'l::;6'lll:.1~H</3J'lJtl\l 0.05 M ammonium acetate buffer (pH 4.5) 

n11 ACN TVlI:.l1.'1im1tl~l\1t1~3Jlrn3Jln (large scale) U6'l::;1.'1i~~'U13JT~)b1yJill:.11.'U 

n1)illnVlbb6'l::;~~'U5'V'l 

1. i~LitEl'l.Jfll~~1Jfl::Latl<ilLLsll 50.00 ± 0.05 9 1~fl.J1'U"lJl<i1LLnl'lJ'Ul<il 250 mL L~~ 
(spike) rl11fl:::flltJmm~1'U MG, CV, LMG LLfl::: LCV f111~L"JJ~"JJ'U 1.0 mg/L -nU<iltl:: 100 IJL 

(spiked sample ~l<l1n MG, CV, LMG LLtl:: LCV 'lJ'U<ilfl::: 2 f-lg/kg Vl1El 0.002 mg/kg) 

2. L~~t1'11tl::flltJ HA 25% 'l.J'1m<il1 5 mL t1'11tl:::tlltl p-TSA 1 M u'1mm 5 mL 
~ d 

LLtl:::t1'11fl:::tllti ammonium acetate buffer 0.05 M (pH 4.5) 15 mL LLfll homogenize Yl 

10,000 rpm LlJ'Ulltll 1 mtl 
. " " 

3. L~~ 	ACN 75 mL llsll homogenize tl10,000 rpm f11.Jfl:: 1 'Ultl ~l'Ul'U 3 f11~ 

4. U1L"JJ1L<illEllJl~Lfl111vJ~ 450 watt LU'Ulltll 20 i'Ultl 

5 . UlmmEl.J<iI<iI (suction) <l11tJmltllJflL'UEl1 L<iltJ1im:::<ilTMmEl.JLlJEl1 4 
'II 	 q 

6. riltl~·11tl:::tlltJ~mEl.Jl<l1fl.J~'lJl<iln'Untl~'lJ'Ul<il 250 mL ull'l.J rotary evaporation 
'\J 

~ 40 °C -;u'Ut1'11tl:::flltJii'l.J'1mmU1:::mrn 5 mL 

7. riltJt1'11tl::tlltlfl.J~'lJl<ill<i1'l.J'1m<il1'lJ'Ul<il 10 mL U1lJm~lml~Lu'U 10 mL <l11tJ 
'II 

t1'11tl:::tnmm~'lJEl.J 0.05 M ammonium acetate buffer (pH 4.5) LLtl::: ACN (1:1) 

8. mEl~t1'11tl:::flltl<l11tJ syringe filter 'lJU<iI nylon membrane 0.45 ~lm fl.J1'U HPLC 

vial 

2.4 n1)~)1~illtl1J~113J1.'li1v1'lJtl\liB (Method validation) 

1. L<il1mJrl11fl:::tlltJm<il1~1'Ut:-Jt1'~'lJEl~ MG, CV, LMG LLfl::: LCV ~f111~L"JJ~"JJ'U 

0.003 , 0.005 , 0.010 LLtl:: 0.030 mg/L ')l'Ul'U 5 ~<iI L41Elt1'11.Jml~m!7l1]1'U (calibration 
... , 

curve) 1:::VI "h~ t:-Jfldl~'lJEl\l~'Utl~n'lJEl\l MG LLtl:: LMG nlJflll~L"JJ~"JJ'U11~'lJEl.J MG lLtl::: 
" , 

LMG Lltl::: calibration curve 1:::Vll1\lt:-Jtl11~'lJEl.J~'Utl~n'lJEl.J CV llfl::: LCV n1Jflll~L"JJ~"JJ'U 
d ~ .. 

11~'lJEl.J CV LLfl::: LCV LV1El'Y'f9111rnl linearity, linear working range, limit of detection 

(LOD) 	LLfl::: limit of quantitation (LOO) 
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2. l~1mJ spiked sample ~l'UT\'t. 5 ~ltlUl.J'illn~lm.h.JU~lr1Utl:lJt~mGl:IJ MG, 

LMG, CV ll~~ LCV '1jU~fl~ 2 J...lg/kg 'VI1tl 0.002 mg/kg 'l-tl spiked sample lUl~1lJaJ 

GhtlUl.J~l:IJ1IT~ 4 Ll!;l:::ml'ill~U1mrni:flJ~.J~~lLllIT external calibration curve hwli 
calibration curve lu..iTEl 1 lyjEl~'illJrnl accuracy ll~::: precision 'lJEl.J total MG ll!;l~ total CV 

l~lJ~'illJrnl'illll % recovery ll~~ % relative standard deviation (RSD) ~l:lJ~l~U 

2.5 n1a!Jt~al:;'\,hJ1:IJlrn,:lJl~11~1?!n~" (MG) ~ht~:lJlin1~1?! (LMG) ~1?f(?)1;'111tm~(1\ 

(CV) UI;'I dht~ ~1?f (?)1;'111 t m~ (1\ (LCV) (1\ nv11Jl'HC?11 il ~1\1 i1(1\ {,II t fll :;"i~\l ~rHJ 
trl~"~ HPLC-UV-VISIBLE 

1'U.Jl'UlilJUl~'l-tl ~l El Ul.J l UElU!;lll ~l~l~LI.J llfl:::l UElfl.J l Yn:::l~LI.J mL~1mJ~1 tl Ul.J . , 
Lyjtlllml:::~ MG, CV, LMG tLi:1::: LCV ~ml1.J t~lJ1llJi:fn~~lLl~lJ!;l:::~lLIt:-Ji:f:IJ'lJtl.J 0.05 M 

ammonium acetate buffer (pH 4.5) nu ACN lL!;l:::lifl~'Ul:lJlmllYhhlJlu1lldi:fn~ll~:::fi~'U 
el~LyjElnli~ matrix ~1.J ') ~iJEl~lmdElu~lll~~ldEl1.J 'illmf'UllfiJl:::~U1:lJlrn MG, CV, 

LMG Lli:1::: LCV ~lmY1fiUfl HPLC-UV-VISIBLE 

'" ... ,n1''H (1\ 'H.J :IJ (1\ 1£H.I1 \l 

1. i.JldElU~1'V\1ElLdEln.J~~U!;l~l~LI~ll~l 50.00 ± 0.05 9 If'i"i:hl1'U'lJl~Llnl'lJm~ 250 
q 

mL 

2. lGlmnJi:1~!;lllJ hydroxylamine (HA) 25% U1:lJl~J 5 mL i:fld~:::~lLl p

toluenesulfonic acid (p-TSA) 1 M U1:IJ1~J 5 mL ll~::~lJ~::~lLl ammonium acetate 

buffer 0.05 M (pH 4.5) 15 mL LL~l homogenize ~ 10,000 rpm lU'Ull!;ll 1 'Uln 
, ~ 

3. lGl:IJ acetonitrile (ACN) 75 mL ll~l homogenize n 10,000 rpm 8nfi1.J~~ 
~ 

'Uln ~l'Ul'U 3 fi1.J 

4. 'l-tllilll~lEl1Jl:lJtfldllY'l~ 450 watt dJ'Ull~l 20 lmn 

5. 'l-tlmmEl.J~~ (suction) ~llJ1lJ1Ll1Jm'Ue:rJ hwlim::~nl~n 'Hl.Jl1JElf 4 
~ . 


6. nlLli:flJ!;l~i:11Ll~mEl.Jl~~.Jf'i"'lJl~n'UIl~:IJ'lJ'Ul~ 250 mL 'l-tllU rotary evaporation 
'II 

~ 40 °C 'il'Ui:flJl;'I::~lLliJm:lJl~JUJ::mrn 5 mL 

7. nllJi:flJ~::i:11Ll!;l.Jf'i"'lJl~l~U1mm'lJ'Ul~ 10 mL U11J1n:lJl~J1V;lu'U 10 mL ~llJ 
'II 

i:flJi:1::~lLlt:-Ji:f:lJ'lJEl.J 0.05 M ammonium acetate buffer (pH 4.5) Ul;'I::: ACN (1:1) 

8. nJEl\li:flJi:1:::i:11U<711U syringe filter '1jU~ nylon membrane 0.45 J...lm l;'I.J1'U HPLC 

vial 
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HPLC conditions 

nTllLml::~ MG, CV, LMG LLfl:: LCV <illlJL'Ylf"l'u'fl HPLC-UV-VIS yhhHJli Agilent 

Technologies 1100 series HPLC system 
d • I 'V 

'lh1u'l::ntlU~ltJ binary pump, degasser, 

autosampler, column heater LLfl:: diode array detector (DAD) ~Jlll::~1i~tl 
Injection volume 100 f-lL 

Column Zorbax stable bond C18, 150 x 4.6 mm, 5 f-lm 

Guard column Zorbax stable bond C 18, 4 x 4 mm, 5 f-lm 

Column temperature 30 
o 

C 

Mobile phase ammonium acetate buffer (0.05 M, pH 4.5) : ACN 

50 : 50 (0.00 -7.00 min) 

65 : 35 (7.01 - 12.50 min) 

80 : 20 (12.11 - 20.00 min) 

Flow rate 2 mLlmin 

Detection Diode array detector (DAD) 

618 nm (0.00 - 7.00 min) 

· 585 nm (7.01 - 12.00 min) 

265 nm (12.01 - 20.00 min) 

A cs'""I'CI,
nl'il LA1"l:::Vi 1J 1";JJl fit 

lbml::vhJ'1:JJlrn'llJJ'lJtl.J MG lLfl:: LMG ulil::m:JJlrn'll:lJ'lJtl\l CV Ll~::: LCV l~tJtll~tJ 

external calibration curve 'lJtl\l total MG (m:JJlrn MG + LMG) LLfl:: total CV (t1'1:JJllli CV + 

LCV) 



lJ'Yl'Yl 3 '" 

~ (;'mld"'Yl{V1(;U)\I bb&'l~Bntld"l!:.J 

3.1.1 	 it91~1UYiLVi3.Jl:;~3.J·1H)J mobile phase ~lvriufh gradient elution 

MG, CV, LMG LL~:: LCV ~lm~~fl~"lJEl~hJl~n~f1~llJfI~~nU u~ MG ll~:; CV ~ 
• 

~[)lV1.fflU<ilmh~nu LMG Uiil:: LCV Elth~3.nn mJlllJn~lJ~~~"Jju<il(jhm'YlflufllflJm1'Yl 

ml~~~'(h1.G1lJ1n ';(llnmJ'Yl<iliilth'l1i reversed phase chromatography lltJn~lJ~::iilllJ 

m<ilJ~lWlJEl.J MG, CV, LMG Uiil:: LCV l<ilLJ1i Zorbax stable bond C18 column (150 x 4.6 

mm, 5 ~lm) LL~::1i~lJiil::iillm..J~3J"lJEl~ ammonium acetate buffer (0 .05 M, pH 4.5) LLiil:: 

acetonitrile LUU mobile phase Y-lUll gradient program ~L'V\m::~3J~El 

Lliill (mn) ammonium acetate buffer (0.05 M, pH 4 .5) : acetonitrile (v/v) 

0.00 - 7.00 50 : 50 

7.01 - 12.50 65 : 35 

12.51 - 20.00 80 : 20 

"' .mEl~';(lln gradient program 

retention time "lJEl~ MG, CV, LMG LLiil:: LCV l'yi1nu 5.6, 10.3, 15.8 lliil:: 16.4 Uln 

m3J~l~U 

, 	 . . 
C:f. 	 \ old L-o ~ ~ C6 I 

mEl~';(lln MG, CV, LMG U~:: LCV 3J~3J1J<ilmJ<il<iln~UI.L~..J'Ylflll3JlJ11fl~UU<ilnm..J 
'II 

nu l <il lJ MG lliil:: CV LUU~lJ~~~ <il<iln~UU~~1wril..Jl~lUiil~f1113JlJl1fl~U 618 nm ll~:: 
'II 

585 nm<ill3J~l~U ~lU LMG LL~:: LCV lUU~l'llJJ~~ <il<iln~uu~..J1mh~5~<ill1111ElLiil<il~ 
'II 

f1113JlJ11fli;iU 265 nm 

diode array detector (DAD) ~~G1tl.J1i multi-wavelength l<iltJck.JhhLLn13J1iG1mhLu<illl~.J 
Llhi.JlL~.J~f1113JlJ11fl~'il.~l'V\m::~3J1Ulli;il~ ~11,rur1n lLlJn tl Elnm';(llnfl El~mrL-ih~ detector 

'" ~..J,rumJ<ilJl-:vl<il ~lJ~~~'lIU<il1'V\1<illunlJllfll1::~f1~.Jl~rJ1G11 LJ 

'II 'II 

L~El~ -;U l1rnl-;Uln retention 
. '" 

program nL'V\m::~3J~.J\'t 

time "lJEl.J MG, CV, LMG Lli;i:: LCV -:v::l~ mUlti-wavelength 

http:Elth~3.nn
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.d 

bl~l ('UTYl) 
.,; 

ml:lJ1I11f1t'1'U (nm) 

0.00 - 7.00 618 

7.01 - 12.00 585 

12.01 - 20.00 265 

lmmhmm:lJ'lJEl\l~ldt'1::t'11Llm~d~1'U'lJe:h'l MG, CV, LMG bbt'1:: LCV f111:lJb'lJ:lJ'lJ'U 
. '" 

0.010 mg/L ~~f111::~b'VIm::~mh\.'11'UmdbbtJmbt'1::nT')ml~1~ ll~~\lhl,Ttl~ 3.1 
'IJ 

CV 
00 

; 
;' 

02-· 

- ' " .. .. ., - ~"'-" " ~-

..().4 . 

·0.6 

·0.8 
7.5 10 	 I S 17.5 r.;in 

J1.J~ 3.1 	 lmm1'YlUnJ:lJ'lJEl\l~lJt'1::t'11Llm~J~lWlJEl\l MG, CV, LMG llt'1:: LCV f111:lJ 

b"ll:lJ"ll'U 0.030 mg/L 

nld'VI1U1mrn MG, CV, LMG Ut'1:: Lcvl'U\ll'Ul~LldlmIT external calibration 

curve "\nnmd'Y1~t'1EJ\I~<h\l calibration curve d::wjl\lmlmi:lJi'U."lJEJ\I~ld (mg/L) ll~::~'U~l~ 
~n (peak area) 'lJEJ\I MG, CV, LMG bb~:: LCV 1~Llli~ldSi::t'11Llm~d~1'Ufll1m"ll:lJ"ll'U 

0.003, 0.005, 0.010 Lbt'1:: 0.030 mg/L 'V'l'Ull calibration curve 'UEl\! MG, CV, LMG llt'1:: 

LCV llJ'Ul~'U~j\! iJ slope, intercept llt'1:: correlation coefficient (r2) G1\1 LL~~\ll'U~ljl\l~ 3.1 

d , 2 
~ldl\1'Yl 3.1 fIl slope , intercept U~:: correlation coefficient (r ) "lJEJ\l external calibration 

curve "lJEl,J 	 MG, CV, LMG bl~:: LCV 

Compound Retention time (min) Slope Intercept 
2 

Correlation coefficient (r ) 

MG 5.6 1637.155 -2.002 0.9948 

CV 10.3 680 .977 0.009 0.9999 

LMG 15.8 302.074 0.003 . 0.9989 

LCV 16.4 381.503 -0.167 0.9993 
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'~n n calibration curve ~1~bb~(ihl11KLV;'U-:h~'U~1~v:1 n"lJ th'l ~1j1'Ulfl1:JJ1hllim~ru 

mlJJ~JJ~'UITb'u'Ub~w;n"n1Jwn1JbilJ"iJWlJtJ,'j~l11Wlil" 0.003 - 0.030 mg/L ltiltJnfil 
2 	 v 

correlation coefficient (r) 0.9948 - 0.9999 'UElmnnUfil slope 'lJC),'j calibration curve 

'lJ C),'j ~l1'Y1 n"ll''Util nfil JJl n 
q 

(sensitivity) ~" 
'\J 

"Area 

40 . : 


30 


20 

3 
10 

o ! 
o 

~,'j U,'j~ll b'YI fl 'Ufl LLiil:: ~Jill ::~1 "ll'1 'U nl 11 bfl 1l:: ~dn ~ Jll '1"111 

. MG at ex~. RT: 5.613 
DADI A, Sig=618,8 Re ! =oif, Tr 
Correlation: 0.99482 
Resid~al Std. Dev.: 2.3 1 138 
Fornula: y = mx + b 

en: 1637.1 ')1;79 
b: -2.001 t::; 
x: .:~"ilount ~- mg / l ) 

y: ?.rea 
Calibration Level 'tJ e igh t s : 

Level 1 
Level 2 1 
Level 30.02 
Level 4A[Tlount(mg/!J 

(n) 

Area . CV at expo RT: 10.2 90 
20 I- ; Di'D', p.. , ~) iq=6: 3, e R.e t =o f::, T4 

Co rr e lation: 0. 9 99 
Residua J. Std . D<~ v.: ij. 1 C :J 

15 formula: y = mx + b 

17.5 

12.5 	 ,1"\ : 6il 0 . 9 Tl 2l 
10 	 b: 9.0931 2e - 2 


3 Amoun l-: [mg/ J.1

1.5 ··.. 	

V ' 

>'{:." y : Area 

5 2 Ca l ibration Le vel Weiqh~s:


1 ~ :-: 
2.5 	 Leve :" 1.

LE::·\:"!? .. ;:
0 

0 	 0.02 

AmounUmgllJ 
 Leve..:... 4 

('lJ ) 

I~rea LMG at e xp. RT: 15. 8 () 'j 
1 JADI A, Sig=61 8 ,8 Ref=of f TT 4 

8 Ccrrelat:i.on: () . 92S] 
~e s i dual 

6 
t0T.;;'t ',) l.3 : 

b: 
4 3 :r~ : 

',i. y: 
2 

0 

1 
. /. 

2 , Calibrat 
Leve 
:J .::;;; E: 

0 0.02 .. : ;..~ ve 

Amoynllmg/lj ~/ -eVf:: 

Std. Dev.: 
y :_, rnx -i- b 

.30 ;~ . U 7 ·~ :~ 2, 
3 . i! 11.3 S 1 C! - ) 

A.~. ::nln t ~ J.l.;/ll 

Area 
on Level Wei g~ts: 

l. 1 

2 1 

,) 


(fl ) 

http:Ccrrelat:i.on
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Area Lev a t exp o Hi : 16 . 41 6 

10 
4 

DA Dl A. Sig =61B . 8 
Co-,c r~:"ati0n : 

Ref=off 
(j. 

TT 
9 93 8 

Re si dua l Std. Oe v.: O . 3581 
8 mx + b 

r:L: 
<3 

3 x: l\moC: Ll:: i mg/ ::'j 
4 '-/ : Area 

2 2 

" 
Ca libration Le vel We i ghts: 

Le vell:!. ., 
Le ve l 2 1 

0 
0 0 .02 

Amoun\lmglll 

L8v el 
J, (~ve l 

3 
It 

1 
1 

(J) 

)'U~ 3.2 Calibration curve 'lJelJ (n) MG ('lJ) CV (fI) LMG (J) LCV hl,'lhJfI11:JJL'JJ:IJ'JJ1-l. 
'U 

0.003-0 .030 mg/L 

3.3 	 nl),L(9\1U:IJffi'H)~l\1L~m,nU~:lJlrn MG, CV, LMG LL~::; LCV ~(9\n~lJhHitilU~l 
11-l.Jl'U.litJ'd''1.~~m~lVd)TItUl<i1 MG, CV, LMG LL~:; LCV '<illmitmJ~lLL~:;fI~1-l.5'\Al 

L~1Jr11i<il matrix ~IJ'J 1'U.Ld1JtI~lffi':l1JrJ1J 41TI ~fJ 
lTIYl 1 ~fl<il~ltl~lJ~:;~ltl~~:JJ'lJfJJ 0.05 M ammonium acetate buffer (pH 4 .5) flU 

ACN 

lTIYl 2 ~fl<il~ltl~lJ~:;~ltl~~:JJ'lJ1JJ 0.05 M ammonium acetate buffer (pH 4 .5) flU 
.ot G..<o V ,c,. 	 ® 

ACN LL~::fI~1-l.El'\Al<illtl SPE cartridge 'll'1-l.<iI cation exchange (Lichrolut SCX, Merck) 

lTIYi 3 ~fl<il~ltl~lJ~:;~lt1~~:JJ'lJfJJ 0.05 M ammonium acetate buffer (pH 4.5) flU 

ACN LL~ :;fI~1-l. 5'\All<i1uli SPE 2 'll'ii<il 

lTIYi 4 ~fl<il~ltJ~IJ~:;~ltl~~:JJ'lJfJJ 0.05 M ammonium acetate buffer (pH 4 .5) flU 

ACN 1<i1t11iffilfJrJ1Jtl1mllimn (large scale) LLl.'l:;lifl~1-l.1:JJlmLlyhhtll1-l.nl'mfl<il 

~~mJ'Yl<il~ fJJLL~ <ilJ11-l.<iIlJ1J~ 3.2 
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@ll'll\lYi 3.2 retention time lLi.'1 :: recovery "lJEl'] MG, CV, LMG Ul.'1:: LCV ''innnTHGl1tJJJ 

~l El rjl'] ~ltJi TI~l'] GJ 

~ , 
retention time (min) recovery (%) 

Ad 
m El tJl,] 

l ti 
'"'Yl MG CV LMG LCV MG CV LMG LCV 

1 1 5.616 10.318 15.868 16.490 31.50 17.74 18.32 30.54 

2 5.628 10.330 15.963 16.510 29 .18 17.76 18.20 28 .89 

3 5.585 10.322 15.935 16.535 32.69 26 .67 20.44 39 .51 

2 1 NO NO 15.902 NO - - 322 .6 -

2 NO NO 15.943 NO - - 335 .8 -

3 NO NO 15.908 NO - - 331.0 -

3 1 NO NO 14.899 15.804 - - 117.7 136.6 

2 NO NO 14.892 NO - - 46 .3 -

4 1 5.626 10.284 15.838 16.264 58 .37 46.54 105.01 129.27 

2 5.606 10.285 15.838 NO 44.17 29.42 58.36 -

3 5.613 10.301 15.849 16.416 38 .17 21.48 50.11 20.60 

4 5.655 10.310 15.849 16.395 62.69 63.32 279 .16 49.76 

5 5.500 10.269 15.851 16.393 48.99 34 .55 102.52 34 .74 

,nm.J l.'1 nl1'Yl Gl l.'1El,]'\"j'lrh m1LGl111JJ~lElrjl']lTI~ 1 lv; recovery L~tJ,] 12-31 % ~,]n 

I'iTUEl lI LLi.'1::1m m1'YlLLn"lJJ1'U.'lll,] UV l.hl n!.J~mu nl'U. m"l~dJ'U.L-rl'U.dEll"n~nlVI~:JJ1"ln 
lJJ1~1'1 1nl 1 f1~ 'U.5'\"j~1 1i.'1 ::i.'11rJ~1~"lnm1 ~nGl ~,]1~1'11nl"lf1~'U.5'\"jh'wli SPE h Wnl1 

LGl1rJJJ~lEl rj l,] iTIYi 2 LLi.'1:: 3 

nTHGl1 tJJJ~lmh']lTIYi 2 Ui.'1 :: 3 lV11mm1'Yl1llmJJ~nLL~ ~n"lJfl'] LMG LLl.'1:: LCV 

l <il tJ recovery nl'ilbn'U. 100 % ~']ElToiJn~lL'Vl Gl m"ln MG Ul.'1 :: CV bll~1I'U.11l11lLiJ1,l, LMG 
q 'IJ 

Lbi:l:: LCV m JJ ~l~U Vl1Elb n Gl " l n nl1~rul~tm11~Glfl'] nl11Lf1"l1::Vt°bJlwff1,l,Gl El'U."lJEl'] nl"li l'] 
'IJ '" 

SPE cartridge ~,],r1,l,~,]1~~!UJ1,l,lnl1~nGlll i.'1:: f1~1,l,5'\"j1Gl [jli~lEl rjl']U1 JJlrn JJl n~1,l, (large 

scale) bbi:l::b ~JJU "l::~'YlTIJl l '\"j m"l ~n<il~lll f1~ 1,l,lJJ 1mLl~,nmGll El 1J1JJ1f1"lb l~hH.Jn11b @l1rJJJ 
~lEl rjl,]iTIYi 4 

"lnC,J i.'1 nl"l'YlGli.'1fl,]U"lln!l~n'lJEl']~11m1J~'] 4 'll'UGl bLl.'1::n % recovery ~~~1,l,nl1iTI 
Yi 1-3 b'\"j dl:: '\"j ~'] ']l1,l,lJJ1f1"lbl~~bVlJJl :: ~JJ" ::1'1 1hnJJbi.'1ni.'1"lJmGlb~n~n.ffllf1~El1,l,~Vl1m~-1,l,l1l 

q 

mailto:l~hH.Jn11b@l1rJJJ
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(iJl"jl\1~ 3.3 recovery LlEh'lnl1'V11t1'1:1J1ill MG, CV. LMG llf1:::: LCV G1n~l\11'Uld'tltlf11 

~ltl~l.J~lGiJJ MG, CV, LMG llf1:::: LCV "nitG1f1:::: 0.002 mg/kg ~lm'r1~)'Ufl HPLC-DAD l<iHJ 

lG11UJJ~ltl~1.J~lU1TIYi 4 
._

ffl1 Recovery (%) 

MG (n = 5) 50.47 ± 10.06 
-

CV (n = 4) 43.46 ± 15.06 

LMG (n = 4) 79.00± 28.81 

LCV (n = 4) 58.59 ± 48.60 

l ~ El ~ '<ill j ill 1 rh recovery LI tl \I e.J f1 nl j'r1 G1 f1 tl.J~.J 'VI JJ <il-iTl.J ~'U-:U::l V; 'U1~11 e.J ~nlj 

llml::::~rT.J'hjl u'U~tblAl tlh '<illnmj~'Ufll1-iTElJJf1l~ Ulnl..lfflj~.J~l~JJlGi:JJlAll..l1l MG ~.Jii 
'II 

~l1jUl-,\Ah'v'\1ElEll-:Ul1un chromatic MG ldm-iT~luEl~1m'll~~"lJEl.J~<il,r,rl l"li'U U~l '<il:::: 
'II 

MG 
13 

leucomalachite green (LMG) ~lmJJll'Y1l..1El~.n3J"lJtlJU~l mjltl~U'Ulltl~JLlEl.J MG ~,m~11 

llffG1.J1'U1U~ 3.3 
'II 

,/ /
-N 

\ 

(,/f\\\) 
\ (' OH ~\ 

r\
, 

VI 
~-~ K,'/ \. 

, 

U/ 
/ 

-t~ 
\ 

Carbinol MG 

l~ii~ 

Chromatic MG 

~l1jUl-,\Ah 

-r~ 

Leuco MG (LMG) 

lJjii~ 
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l~El<i1'il~(,'fEllJGllm'Ylf1Uf1 LC-MS '\AllJl1 carbinol MG ll~:: LMG ~fh retention time 

l'Yh n'U (In<i1 co-elution) ll~::laj (,'flm'i[l<i1'il~l<i1lltJn~l n fl'UlGlld Ell'J5l'Ylf1Uf1 HPLC-UV

VISIBLE 'UElmlndrJ~'\AllJl1(,'fl'i~::~ltJm<i1'i;;jl'U MG ldElElr.Jl'U~TYhE1::E11tJ~n ammonium 
~ ~ . 

acetate ~::U'ilnD carbinol form El~Gllm(,'f:IJEl U'ilnDm'irnl'V\~ldii~~'Yh1'IX recovery 'lJEl~ 
MG ~lln'Ulull~::'lJEl~ LMG (,'f~ln'UluElr.Jl(,'f:IJEl 'UElmnndrJ~ln<i1U'ilnnn1'irn1ml1'UEl~ 

~ ~ :;..J 

L~mn'UfllJ CV LL~:: LCV GlltJ ~~~'U1'UmWl'il~~'hml::;Yhfjmrn<i1nf11~'lJEl~(,'flJi'~~'<il:: 

dltJ.Jl'Ue.-I~ltJ'U1.fjmrn'il:IJ'lJiJ~ MG LLE1:: LMG (total MG) ll~::;U1mrnJl:IJ'lJiJ.J CV LL~:: LCV 

(total CV) l<i1tJl~ElElmllJum'iU'i:::lJl~~~ll~::vnmmrnl'UJu'lJiJ.J total MG ll~:: total CV 
~ 

l<i1tJl'J5ml1Alm<i1'i~l'U (calibration curve) 'i::;'Vil1"~E1'il:IJ'lJEl~~'U~~n (peak area) 'lJEl~ MG 

ll~:: LMG flUf111:IJl"JJ:IJ"JJ'UJ1:IJ'lJEl~ MG ll~:: LMG ('V\1iJ total MG) ll~::ml1Alm<i1J~l'U 
'" , 

'i::W-.ll~i:iE1Jl:IJ'lJiJ~'U'Y\~n'lJiJ~ CV llE1::; LCV nUwn:lJl"JJ:IJ"JJ'UJ1:IJ'lJiJ~ CV Ll~:: LCV ('V\1El 

total CV) ml1Alm<i1'i;;jl'U~~(,'fEl~ll~<i1~l'U'iU~ 3.4 ll~:: 3 .5 <i11:IJ~1~U ll~:: recovery l'U'iU 
.u . cu cu 

'lJEl~ total MG ll~:: total CV ll(,'f<i1~1'UmJl.J~ 3.4 

70.00 

6000 


y = 995.2568x - 3.0371 
:J « 50.00 

2E R = 0.9960 
~ 40.00 
L. 
00 

.::£ 

~ 30 .00 
a. 
00'0 20.00 
f

10.00 

0 .00 · <-1- ___ _ 

0.0000 00100 0 .0200 0.0300 0.0400 0 .0500 0.0600 0.0700 

Total MG (mg/L) 

~tl~ 3.4 ml1Alm<i1J~1'U'i::::'V\11~ total MG (mg/L) flU total peak area (mAU) 
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35 00 --...--..--.-- ------- .. ---------- --. -- .. - ...----- -.--.---.. --..-.--.-.-----.-.--- ...-.--.----.-. -...---.--.. --- .--..-. 

:J 
« 
E 

30 .00 

25 .00 

y = 
. -_." - - - 

531.7056x - 0.0848 
--''2 ' .----....-  . 

R = 1.0000 
~ 
L
IU 

20.00' 

.Y. 
~ 15.00 
Q. 

"3 
o 
f 

10 .00 

5.00 

0.00 

0 .0000 0 .0100 0.0200 0 .0300 0.0400 0.0500 0.0600 

Total CV (mg/L) 

0.0700 

~U~ 3.5 nd1yj:JJlm~1'Ud:::'V\i1\l total CV (mg/L) nu total peak area (mAU) 

&-t 
t9Il11J'I'1 3.4 recovery Lb~::: relative standard deviation (RSD) 'lJEh'l total MG (MG + 

LMG) Lb~::: total CV (CV + LCV) 

Compound Recovery (%) RSD (%) 

total MG (n = 5) 68.35 ± 24.05 35.19 

total CV (n = 4) 50 .39 ± 29.94 50.39 

3.4 	 n11t911T~)?ltJUA11~'l'.l51<?l'2H)\jlB (Method validation) 

\l1'U1~rJ itn bb~'U\l1'Um1~ ~tlUfl11 dJ1il<i1"lJ tl\llTIl Lm1 :::~~\lit 
1. b<il1rJdJ~ldl.'l::~ltlm<ild~1'U~~dJ'lJtl\l MG, CV, LMG ll~:; LCV l1fl1l:!Jl'JJdJ'JJ'U 

0.003, 0.005, 0.010 LLI.'I:: 0.030 mg/L -;)1'U1'U 5 '1l'<iI l~tl~11\lndlyj:!J1m~1'Ud:;'V\i1\l~~d1~, 	 .... 

'lJtl\lvr'U~~n'lJtl\l MG ll~::: LMG nUfl11:!JlJJ:!JJJ'Ud1~'lJtl-J MG ll~::: LMG ll~:::m1yj:JJl<ild~1'U....
" . 	 .I ..do ~ d CLJ '"' t,.; 	 ~ 

d:;'V\11-J~~J1:!J"lJtl-J'WWY1'Vm'lJth'l CV bb~::: LCV nUfl11dJl'lJ:!J'lJ'Ud1WlH.l-J CV lbi:1::: LCV b'Wtl 

VhnHu.1 linearity, linear working range, limit of detection (LOD) lli:1::: limit of quantitation 

(LOO) 

2. l<il1rJdJ spiked sample -;)1'U1'U 5 ~ltlci1-J~ln~ltlr.l1-JU~111ufl:!J1<i1m~dJ MG, 

LMG, CV lb~::: LCV '1l'it.<iI~::: 2 ~lg/kg 'V\1tl 0.002 mg/kg 'ttl spiked sample lUb<il1rJ~ 

~lmh\lmdJ1TI~ 4 n~:::m1~1<ilU1mrn~ldJ'-J~~lrJ1TI external calibration cruve 1mJli 

m1yj:JJlm~1'Ul'UJJtl 1 l~m~~lJrnl accuracy ll~::: precision 'lJu\l total MG Ll~::: total CV 

1<i1rJ~~ldrn.1~ln recovery bl~::: relative standard deviation (RSD) m~~l~U 
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3.4.1 	Linearity, linear working range, limit of detection H~:::; limit of quantitation 

9l1n~lJ~::~1!Jmm;)lut:,H~:IJ"lJEh'l MG, ev, LMG lll:'l:: LeV ~.J 5 'l1Gl l~ calibration 
'" q 

d~ "" I q.; Q....o 6',t;::lo V' 2 ClJ 

curve Yl:IJ~:lJn1JL~U<Y1J.J m~'r'i~:lJVmm'l1.JL~U (correlation coefficient, r ) ~ll:IJ'!jU (slope) 

LLI:'l:::UGlG1<11LLnU y (intercept) G1.JLl~CiI.JlumJl.J~ 3.5 
q 

total MG y = 996.95x - 1.5375 

2 y = 973.97x - 1.2703 

3 y = 968.20x - 2.1621 

4 y = 1 036.4x - 3.0948 

5 y = 995.26x - 3.0371 

S.D . 

total ev y = 507.05x - 0.1107 

2 y = 512.47x - 0.4950 

3 y = 496.66x + 0.2827 

4 y = 529.75x - 0.5901 

5 y = 531.71x - 0.0848 

S.D. 

correlation 
2 

coefficient (r ) 

0.9979 

0.9989 

0.9966 

0 .9971 

0.9960 

0.9973 

0.0011 

0.9992 

0.9999 

0.9997 

0.9906 

1.000 

0.9979 

0.0041 

slope intercept 

996.95 -1.5375 

973.97 -1.2703 

968.20 -2.1621 

1036.40 -3.0948 

995.26 -3.0371 

994.16 -2 .2204 

26.81 0.8373 

507 .05 -0.1107 

512.47 -0.4950 

496.66 0.2827 

529.75 -0.5901 

531 .71 -0.0848 

515.53 -0.1996 

15.01 0.3512 

9l1nmJl.JYl 3.5 '.\l::::LY;ul~ll calibration curve "lJEl.J total MG U~:::: total ev LUU 
v d~ I Q.J a,.., 6'..:::. q,.. 	 2 I ::.. ~ I 

L~um.JYl:IJm~'r'i~:lJWmH'l1.JL~U (correlation coefficient, r ) mnnll 0.9900 Yl.J~U LL~<1I.Jll 

calibration curve ~l~ij~llmUUL~U<Y1J.J (linearity) ~~ mm::~:IJ~1'r'i.:rmblJ.J1,numd 

1Lml::'l-flJ1m rn 
... 

I ~ ClJ I ,o:!J 

linear working range "lJEl.J~ldLLm~::'!jU<1ImElU~fl:IJ<Y1.JLLCii 0.003 mg/L bl--J 0.030 mg/L
q 

~.JL'Yhnu1ll.J~ll:IJL"JJ:IJ"JJU 0.0006 mg/kg n.J 0.006 mg/kg ('r'i1f) 0.6 IJg/kg n--J 6.0 IJg/kg) 1u 
ilmi1.J ~--Jmf)U~~:lJtl1mrn"lJf).J MG LLI:'l:: ev <1Inr11--J~nl'r'iu<1Il'IKCildl'.\llCi1l~~f) 2 IJg/kg

q 
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~<Yl~ln<Ylcill1;1<Yl'lJEl\lmimT1r1<Yl (limit of detection, LOD) v'J:IJlLl(tn:;~m)'Jl:IJLiJ:uiu
• 

~l~1;1<Yl~1;1lmib1<Yliljr1<Ylldl ~i:;~uml:Ul~mrU 95% ~\lrh~u<Yl"h~f11l:Uli:uiud'lU:;dlEl\l11X
• 

~<Yl~ln<Yl~l1;1<Yl'lJEl\lmi~ltl1mrn (limit of quantitation, LOa) ~mtJn\li::~Uf11l:U
• 

li:ui'l-t~l~1;1<Yl~1;1l mib11i~ltl1m rn'lJ El\l1;1lildl El r.h.J b1ndl El\l LlL1:;LL:W'I-t~l ~i:;~uwn:UL~flJ'I-t. ~ 

95% 	~.Jnl~'I-t<Yll11l~f11l:U li:ui'l-td'1U:;dlEl\l11X5<Ylil~lUi:;~ll.J~qJqJl rn'lJ El\l nli~il'<ijl<Yl1;1li 
viEl~qJqJlrni1Jm'l-tnfhtli:;mrn 10 l'Yh 

limit of detee\ In (LOD) fll'l-tlrnldllUln 

3 X S.D. of intercept 
LaD = 

average slope 

3 X 0.8373 
LOD of total MG = ---- = 0.002527 mg/L = 2.527 ~lg/L sample solution 

994.16 

~Lg total MG 10 mL sample solution 1 L 1000 9 sample 
= 2.527 - ----- X - ------- X X 

L sample solution 50 9 sample 1000mL 1kg sample 

0.5053 1-l9/kg sample 

3 X 0.3512 
LOD of total CV = = 0.002044 mg/L = 2.044 jJg/L sample solution 

515.53 

~g total CV 10 mL sample solution 1 L 1000 9 sample 
2.044 -	 ----- X ------ X X ---- 

L sample solution 50 g sample 1000 mL 1kg sample 

OA087 ~g/kg sample 

limit of quantitation (LOQ) filmrnl~';ijln 

10 X SD. of intercept 
LaO = 

average slope 

10 X 0.8373 

LOO of total MG = ---- = 0.008422 mg/L = 8A22 jJg/L sample solution 


994.16 

~lg total MG 10 mL sample solution 1 L 1000 9 sample 
8.422 ------ X - ------- X X ---- 

L sample solution 50 9 sample 1000 mL 1kg sample 

1.684 	 ~g/kg sample 

10XO.3512 

LOO of total CV = 0.006812 mg/L = 6.812 1J9/L sample solution 


515.53 

~Lg total CV 10 mL sample solution 1 L 1000 9 sample 
6.812 	------ X -------- X X ---- 

L sample solution 50 9 sample 1000 mL 1kg sample 

1.362 	 ~Lg/kg sample 
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3.4.2 Accuracy HG'I~ precision 

f111 mLaJ 'U (accuracy) l iJ 'Ufil ~ Ll~~\l n\l flll:IJIn trl~!J \l 1:; VI 'h\lrh~ (jIJl~!'hfl 11::Vll!l1 

nu fil~1 \l fill mLaJ'U"lJ tl\llTIllfijl::~1.n:IJ11rl~~11nl.11.!l1~lm tl B{l.u'U~nl11.!l1 n tr'iJ~'U (% 

recovery) ~\lr1I'Ulrnl.!l1~ln 

[analyte] 
%recovery = X 100 

[spike] + [blank] 

fillm ~[J\l (precision) ~tlfil~UBn'hfil~I.!l1'illnnl11lfi11::~<71l tl r.h.Jl~ [Jl'Ihv\i;:n [J 

fI ~\l ~ fill:IJ lntrl~ [J\l nUl-W [J.Jl~ fil1:IJ l ~ [J.Jll~~.JI.~~l [J fill ~ [J.Jl U'U:lJ1 ~ 1~1 'U~:IJ~'Yl IT 
(relative standard deviation, RSD) ~.Jr1Ttl.lrnl.~'illn 

S.D 
%RSD = --=- X 100 

X 

S.D. ~tl fill~[J\llUU:IJl~121'U (standard deviation) 

'" , ~ 
X fiB mlQ~[J (mean value) 

% recovery ll~:; % relative standard deviation (RSD) "lJeJ.Jnljllml::~ spiked 

sample ~j:;~uml:IJl-ll:IJ-llU"lJB.J~l'Hl~~::-nil~ 0.002 mg/kg ll~~\ll'U~ljl\l~ 3.6 

@lldl\1~ 3.6 Recovery ll~:: RSD "lJB.J total MG ll~:: total CV l'U spiked sample ~1::~U 

f111m-ll:IJ-ll'U 2 ~lg/kg Vl1B 0.002 mg/kg 

<711 e:J cil.J 
%Recovery 2:. %RSD (n=5) 

Total MG Total CV 

l{te:Jtl~l"lle:J'U 74.10±8.23 104.47 ± 6.44 

l'\tBtl~ln1::'\Al.J"lJll 56.20 ± 9.60 68.01 ± 4.62 
<

l '\te:Jtl~ l YlUf1:IJ 55.95 ± 4.36 93.38 ± 2.64 
<

'" 'V 'V 

75.92 ± 5.12 78 .12 ± 1.26 l'UBn.Jnl:IJn1I:IJ
• 

USl ~ %RSD lJJLflu 30% 

'illn~~nlj'Yl~~e:J.Jl'U~111.J~ 3.6 '\AlU'hlTIllfljl::~d~ % recovery 55 .95 - 75 .92 % 

~TVt:rU total MG ll~:: 68.01 - 104.47 % ~lV1:rU total CV ll~::~ RSD 4.36 - 9.60 % 

~lV1:rU total MG ll~:: 1.26 - 6.44 % ~l'V\:rU total CV ~.Je]cil'U'ril.J~ml:IJ:rul~
'IJ 



25 

3.5 	 n1)lL~)l:::lf MG, LMG, CV Lb~::: Lev Gln~l\11"<?lltl~l\1~Gl1Jll"tn~df~\I~1~ 
b'Yl~i\,~ HPLC-UV-VISIBLE 

11,b-:Jl1,bl ~lJ Ul~\b ~1 C) lh~ L U mJ (,ql LL (,q:: LUC) n -:J Lvn:: L~ lJ -:J ~~lV\1,h lJ 11,b~ ~l ~ ~~ LL ~::, 
'1lULuElf:JJlfLn~11,bm-:JLYl'l"l6J"'11,bm :JJlL~1lJ6J~lElcil-:JLyjEl~'iLf)"n::~ MG, CV, LMG LL(,q:: LCV, 	 , 
<ilnfll-:J l<i1lJn1"~~n<il'llllJ~11~::!;nm-J~6J'lJEl-:J 0.05 M ammonium acetate buffer (pH 4.5) nu 

acetonitrile (ACN) LL~::1ifl~1,bl:IJlf1'HlvhhlJ11,bmmn<ilLL~::fI~u5'1"lL~C)rhi<il matrix <j]1\l6J ~ 
~Elci11,bLUel1J(,qlLL(,q::LUml\l ~lmt1,blLml::YhJ1:1Jlm MG, CV, LMG LL(,q:: LCV 'llllJLYlflUfi 

~ , 
HPLC-UV-VISIBLE l<i1lJLLlJn MG, CV, LMG LL~:: LCV cj)llJ reversed phase 

chromatography l<i1lJ1iflEl~6J\r'll'U<iI Zorbax stable bond C18, 150 x 4.6 mm, 5 flm 'I"l1El:IJ 

guard column i5U<ilL~mn'U. mobile phase ~1iu1::nElU'llll.1 ammonium acetate buffer 

(0.05 M, pH 4.5) LL~:: acetonitrile (ACN) hHJr'h gradient elution ~5~11~11,bl<i1lJU1:JJlm-
50 : 50 (0.00 - 7.00 min), 65 : 35 (7 .01 - 12.50 min) LL(,q:: 80 : 20 (12.11 - 20.00 min) 

t.I " 	 , 
(l..I o..,...cI ~ V t&.; V ~ ~ 	 .d 

<il11~l<i1~lJm~"151,b<il'l"l1El6JnU~rJlJLmEl\l~1T-ill<i1 diode array detector (DAD) Yl",(,qll.lfl11:IJ 

rnlf1~U (multi-wavelength) lcj)LLf1 618 nm (0.00-7.00 min), 585 nm (7.01-12.00 min) Ll~:: 

265 nm(12.01-20.00 min) :illmt1,blLfl11::v(u1:1Jlml<illJEll«£J external calibration curve 

'IJEl\l total MG (U1:1Jlrn MG + LMG) LL(,q:: total CV (U1:JJlm CV + LCV) ~(,qnlJYl<il(,qEl\lLL~<iI-:J 

11,b<illJl-:J~ 3.7 

http:nm(12.01-20.00
http:7.01-12.00
http:0.00-7.00
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-4 

~l'\", \btJ1'U,<fI~I<f1~<7m~::1 wrrlh1.JElfmful<fl 
• _ . 

1.J1mrn~m1~WU (flg/kg) 
'll'U.<fI"lJ El-:l <711 El ~1-:l 

Total MG Total CV 
<

LUEl1.J ~l'liEl'U, Not detected 1.890x10<fI1.'ll<fl~<fI 

1.J 1.J" ".-; Not detected Not detected 'lJ' L El1~THn<fl• 
-4 -3 

LU El 1.JsnU1.'l 
" 

1.269 x 10 <fI1.'ll<fl~<fI 3.091 x 10 
-3 -31.J1.J" ".-; 5.054x10'lJ' L mm1Ln<fl 3.598 x 10 •< -4 

LUEl1.J1.'llrlU-n~ 9.269x10 Not detected <fI1.'lI<f1~<71 

-3I 1.J" ".-; Not detected 'lJ'U El1m1bn<71 2.954 x 10 •'-" 
dleJ1.J1.'llnJ:::W-:l Not detected Not detected <711.'l1<71~<71 

1.J1.J" ".-; Not detected Not detected 
.,." 

'lJ', b mm1Ln<fl 

" " L'U,Eln-:lnl~ml~ Not detected Not detected <fI1.'ll<71~<71, 
_31.J 1.J " ,,~ Not detected 'lJ' L EJJ:!Jl1bn<71 3.308 x 10 

• 

~lmmm1;hfl11 ::: ~V\lm~lrn total MG U1.'l ::: total CV <71nf11-:l1w~11El~1-:l~<71'hil 
L Wl ::: LitJ-:l~~~l'V\l-h tJ1'U,<711.'l1<71~<71U~:::'lJ'1.JLuElfmful<711 'U,nJ-:lL YlW:lJV!lum WUll~<fIl~l~LitJ-:l 

. . , 
lmJEl lGlLLfi 1.J~l'liEl'U, 1.J1.'ll'U~ 1.J1.'llYlU-n~ LL1.'l::n-:lnl~ml~ WUnl1<f1nf11~"lJEl-:l~11m~lLfl<71• 
n'1u fl1~<7l~11tm~<71 LL~:::l~<fI:::uEll~<71 ~1'U,1.J~lm:::w~~-:l~:::Liu-:l1'U,m:::i-:l ~~11V!sH,h'U, ~1El 
El~1'U,LL~~-:l~11i11~'ll1~ l:1-iwunl1<f1nf11-:l"lJ El-:l ~11m1.'l11f1<71n'1u fl1~<7l1.'lL 1 tm~<71 lL1.'l:::b~<71 ::: 

'IJ 

UEll1.'l<71 ~-:ll-h~:::ll~<fI-:llll:1-i~nl11i~11LV!~lii'1 'U,nl1l Wl:::liiJ-:l 



cl 
lJ'Yl'Yl 4 

?{"itl ~ ~nld'Yl~~ B\I 
q 

,'J11,l,i,rtJnl~~~miITl~1tJJJ\9l1mh,'JllSl::iITilml::y{ mSlllf1Gln11,l, (I\I1G) fI'1~\9lSlll1e:J 

lSl~ (CV) ~11f1mSlllflGln1U (LMG) llSl::~11f1f1'1~\9lSl111tllSlG1 (LCV) ~n~1,')1ui~'hrl 
l~l :: l~tJ,'JYr~'ElWl1,l, ~ltJiIT~'Ylll~~ltJ ~::~ln jl~l~h:Du 1~tJ1ilYlflUfi HPLC-UV-VIS~,'J 
lf1~El,'J~ El~1i~11,l,Vi'El,')tl5u~mji lml::~Ell'V\lj~lU1'V\ t1l l tiEl,'j~ln iJjlfll~ nnlllfl~El,')~ El 

~lwhJl 'YlflUfi liquid chromatography/tandem mass spectrometry (LC-MS/MS) 

iIT~0'~1,l,l:D1,l,'Ylll~ lJnlj~nG1\9l1 El cil,') l nmJSll'V\1tll nEln,'), ~1 tJ ~ljSl::Sll tJ ~ ~JJ''lJ El,'J 

ammonium acetate buffer 0.05 M (pH 4.5) nu acetonitrile (ACN) llSl::hllJlf1jllvhhtJ1u 

mj~n<illlSl::fI~1,l,5v~ ll~lilml::~~lmYlf1Uf1 HPLC-UV-VISIBLE l~mltJn MG, CV, LMG 

llSl:: LCV ~ltJ reversed phase chromatography 1~tJ1iml~mr"nU~ Zorbax stable bond 

C18, 150 x 4.6 mm, 5 )lm ~1ElJJ guard column "nUG1l~tJln1,l, mobile phase ~1i 
i.h::nElU~ltJ ammonium acetate buffer (0.05 M, pH 4.5) llSl:: acetonitrile (ACN) 1~1I'l'11 

gradient elution ~5~jl~11,l,1~tJtl'1m~j 50:50 (0.00-7.00 min), 65:35 (7.01-12.50 min) 
" , , 

llSl:: 80:20 (12.11-20.00 min) ~jl~l~ ~ljY1,')~"nUG1~1tlJJnW~11tJlf11tl,')ml~1~ diode 

array detector (DAD) ~'V\SlltJfll1JJtJllf1~U (multi-wavelength) i.~llri 618 nm (0.00-7.00 

min), 585 nm (7.01-12.00 min) llSl::: 265 nm (12 .01-20.00 min) -:Ulntf'j,\,llml::~tl'1mrn 
l~tJEllitJ external calibration curve 'lJEl,') total MG (u'1mrn MG + LMG) LlSl:: total CV 

(u'1mrn CV + LCV) iITniJ linear working concentration range 1Wril,'J 0.6 fl9/k9 - 6 

fl9/kg limit of detection (LOD) l'Yhnu 0.5053 ~lg/kg ~1'V\1U total MG llSl:: 0.4087 ~lg/kg 

~1'V\11J total CV limit of quantitation (LOO) l'Yl1nu 1.684 fl9/kg ~1'V\1U total MG llSl:: 

1.362 ~lg/kg ~1'V\1U total CV ~lmjnllml::~u'1mrn total MG llSl:: total CV ~l~JJSl,'J1u 

lnElUSll'V\1mdEln,'j~j:::~umlm'lYmru 0.002 mg/kg l~tJ~ % recovery 55.95 - 75 .92 %, 
~1'V\1U total MG llSl:: 68.01 - 104.47 % ~1'V\1U total CV llSld1 RSD 4.36 - 9.60 % 

~lVl1U total MG llSl:: 1.26 - 6.44 % ~1'V\1U total CV iIT~~~1,l,l:Dun~lmjmbi.uHlu 
mJ~jl'illlml::~tl'1mrnE1'ljmSlllf1Gln11,l, (MG) fI'1E1'~Sll11mSlG1 (CV) ~11f1mSlllf1Gln1u 

(LMG) llSl::~11f1f1'1~~Sli.l1mSl~ (LCV) ~n~1,')1u~~ lJll~1::l~tJ,') i.~~muu~'tb~Elh 

http:12.01-20.00
http:7.01-12.00
http:0.00-7.00
http:12.11-20.00
http:7.01-12.50
http:0.00-7.00
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