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ABSTRACT 

The aim of this research was to develop a novel convenient, low cost, environmental 

friendly and simply method for determination of melamine in milk samples. The chemical 

reaction of this method was based on the complexation of melamine, aldehyde and ketone, called 

"Mannich reaction". The absorption of the product complex was recorded by spectrophotometric 

technique at 236 nm. The method validation was good with linear range of 0.1-2.5 ppm and the 

limit of detection (LOD) was 0.08 ppm. The method revealed precision with %RSD values no 

greater than 5%. To quantitY the amount of melamine in raw milk, standard addition was applied 

with recoveries in a range from 76-91 %. 
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I. TO Liquid Chromatography-Mass Spectrometry (LC-MS/MS) lJlJ~U1J!UU11i'YIU11'lf6tm 

1J ln~tl~ l,jtJ~111 mnlJl'J tlmllJft1UU!!ft:t;f.l'4~un'UtJ~l1Jft lUU1UeJ1m1 i~l'ln'lfU~Ufl1l1J i1!!ft::: 

o "''' .1'" '" 1Ii!V~ '" J '" '" fl111Jl1llm:t;~~ tYllJlHl1lfIJ1:t;lflfllJ1lJlWllJftl1JU l~ l'U'I~~U 25-200 ppb 'UunU'lfU~'UtJ~tJllfU 

2.111 Enzyme-Linked Immunosorbent Assay In'U111~fflmH11~'Iil1l1lJltlH1JftlUui'U 

Nill9ltiw~1J1~1l1~lft'YI !'lfU 'UlJ U1JN~ 11l'I~'UlJln!!i.l~,j'l1ffl~ ffl1JlJ tl11m l~Mlf 11l~1J1W!1JftlUU 
iii !Vi '" "" 

~ 

~ '" l~ U'I~~U 0.1 -10 ppm 'UUflU'lfU~'U6~tJTl1l1 

"'. d ",.d '" 3. 11i Gas Chromatography-Mass Spectrometry (GC-MS) ItlU1'O'YItYllJlHlml1Jm1JUlIft~ 

'" " • iii !Vi "'. "" "''' _ I'" • iii !VitJU'VlU1i'U6~llJftl1JU l~ umlfl1~16UN"ln'lfU~ Uft:::tYunH111f!'J'1:t;lfmlJ'I1J1WllJftllJU l~ 'U. . 
~.c:t cl ~.d, d Gi iI .... I.e::. 

4. 11i High Perfonnance Liquid Chromatography (HPLC) nJu11i'YItYl1J1Hll'lflfllJ'I1J1W 

t1JmU'U1UNil~tiw~1J1~1lJ::;lm1 !'lfU lii'tJff~1U1J U1JN~ 11l'I~U111tlUi.l~'\Yl1tYl~ Uft:::tJ1lfl1ffI9l1 

tYllJl'It11Iml:::Mlflll~lJlU!llJftlUUi~1m:::~u 25 ppb-lOO ppm ~ufiu'lfii~'UtJ~tJ1lf1'I 
ill n 1'I 11f111::: MI1Jft llJ 'U,j'l~.JIuU,j't)~ lti~~tJnl11tf111~MllJ CllU'U iu ~1tJVl ~ ~tY~ffun11 

" ,
• 1 ~ • '" '" • I "'" !V",," !V '" 0 1 'I !V •lJUllJ6UI'lfU lf11 t)~1JtJ!!ft:::i'llJ mW1J11mU'Vl~lJln N1!m 1:::'H~t)~lJfl111J'lf1U1W U tll':i !'lf~lU tJU1~ , " " 
lJln fhH~lU~tJ~16VHA()U<U'1~tY~ !ilu.JIu 

" 
~~JU~lU1,)uif\1nrNJ1J111lm':i1Im1:::Ml1JmUUl~uH61ftUl'tlf1i!f1tYllln 1'Y1 hn~I1J'YI7 ~~ 

111n tll':i iYu~u'Wu11iJl'¥iU~ 1 ~lU1')U~61ftut'VI fliif1~~ncil1 (ffUllu 111n!i l'U'\Y62Jft Sciencedirect 
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um:: Scopus l~i)'uil'Uli'llJ 2554) I~UJtllfYollijfi~m Mannich reaction [4] ~'1!fi~ffull'J':::mJ1J 
!;'1~'el'U'J':::'I11H1:l.Hl1il'U viu{ii,,~ ,~~ U,,:::ffl'J"lhvOflt;1 fl'U~lJ{):::91~ fl III H1U'U uK:rvilflU 

fln'll1~f)1'J'~~fla'U!!ff'1~f111lJ011rlg'U'lf1'101~m11Wl1rl~'U 214 'U 11ul1Jfl'J'HiJ'iI:::vn.rj111'J'U111~
~ ~ 

ff:::~1fl u~m1w1'J'U.yjll'U (j,rvl'el{ii,,~1~~m'llilI'l1lf1'j:::Ylu~uf1lm l:::M 'I1'U1>OoifU'lilfl11lJff'U1'Il~ 
'Il:::fYflll l11ijfi~ml'l1lil'U f1TJ 11m1:::l1'11111l'lJ1tllllJfl1il'Ul'Ufl1ufh -:j~ ff'U 1 'II 1~ORmJ1ffU~ 'iI:::ln~ 
='t ~I "":II .J'l' ='t '" ':II"''' '" 1 ""'" ~I 1 1,,11lu'U ff1'J' u'J':::fl'elUl')Wl$il'UYI lJllJ'Uil'U\i1'J' 10flU~11rl'J' 1:::'11 UlI:::ffllJTJ tl¥1n'il1~ ~01tifflufl YlI"! fl 

n,JYI; ~'1!1'J'U1ii~ff:::~1fl 11JU'IOlfl 1,rf-l1lf)1'J' 11m 1:::l1~ilrl11lJuli'U fJ1 1!1I:::~ d1fitlJ!1'I'Ulfl~U'I:UU~
• u 

ilUQ\i11lJ,rtHlliju$l flU If) lJ11fl 'J' 1:::M~11111~olli~u'Il~lfl~U'I:U(j~]h lfl1U'Vl'lg'Ulfiw$lllum;lli 
f jI 'J1 , • 

fi'U'I 1~N'Viflfl11lJ'Ih'U1rucr -:j Y1'1ilIYlflUfl~'1fl~l1111'1'l1lf)1'J'11m1::: tHluli'Ut'hlliVlll; OUI Viou nU111 
~ u 'U 

lJ1\i1'J'Jl'UI'If'U HIYlmlfl LC-MS, HPLC 'I1lil GC-MS !I,,::: 'J' 1fll1!fI'j 1:::M~'elfl1UUH lliu'Vl'l,rlil 

ImoulViounUIYlrlUfl HPLC 'I11il GC-MS 

1.21V1Q1.h:::ff...Ul'Uf).,'jf)1111lU 

I. 'W\llJ'U11111'I1lid1tl f Uf)1'J'1lfl 'J' 1::: tllll'lJ1tlllllfn il'UUUH ~l{Juo:::l!li'U~l 1~ol~ffU Irlil~ lli 

11'J'U.yjll~U ~l11f)1':i1lrl':i 1:::tlum::ihIl1~t\'UlJ 1~0l~I'VIfluflfflllfl1 Yllvllf1llJYll 

1.3 'UiJUl'UVI'UI:Hf)111.utl 

I. Rflll l11ijn;V11fl iJ'tl eJ'Il1JlIlfl'U tiu~ufl'U~1'U f)1':i Ifi~ffl'J' ll':i:;; flUUl;'1~il'U~ ff1lJ1Hrl~f)1'J' 

~~fla'UlI ff '11i4u'W 11111lm '1:;; MIll lJ1tll Illlllil'U~flm1lJ!!li'Uulff 'I 
'U 'U 

1.4 f)1iJUH'U1fl111lflYl'UiJ.1f)111.utl 
~ , 

U 'II ~ u'U UqJ'I11 m 'J' 1J Wilil'U'U il'l'UlJ I'l'l 1I11::: f-li1f1fttll en'ill fl'U lJll10llJlIlfl'U fiTti'111'J '\.l Uty'l11 Vi 

, GJ V ~ 1 1:11 "'1 rJ 4 f~~ 11) ~ ;: 3J 0 = Q.I e!1 d d 0 <v 1 
flU 1'I11fl~ Ylllllflf-lU'J' flfi'll'ltll'llO'lllfl'l11fl t~ 'il1fli3ru'l11'Uf-lVllmn'll0'll'l1ll'lm'Url1111fflflru 'U 

'U t.I 'U U 

flU ~ 'Il:::'WliU'U1i111'11li1 'U flU 11m1:::tI'I1111;1l1tlllmnil'U 1~Ofl n 'W\llJ'U 111 full 'J' '1'Ufl ~ 1ti~ 'illf). 
l'VIfiUfll~U "1 ~loN1Im1:::tll'lf'\.l LC-MS, HPLC 'I1lil GC !1'I'U1111mj~~10 ff:::~1fl 1If1:::':i1flltlflfl11 

'U 

.d ~ b] ," 1~ iJd..:::s. ~ 4: 0 ~ ~.:!i ~ ,f QF d I 

il flm tUfl il'l 'I1f-l'VIull'J'::: crUfll':itll m Url11U'I11'U1tu l'Uf)1'l l'11Irl'HFllJul'U f)1nlrl'n:::'I1~'1Y1f)fIl1
~ u 

Ul ff1Ul':i 0111 fl1':i 1!fI ':i 1~l11 III 'U,rU'I 11 Qu$l fl1'J' ~1111 1li11'l'U l~ll~il~"; lfll'.i ilfl':i 1::: Mil ,,::: 

..: :II <>.1 1 1~.I1 d4 ='t d ". J, '" ='t "d",
tHU1 ~"UlJ I'VI fI'UfI ff! u fl 11 1'1 Vl1 !U'VI':i 'iI '11'IJ 'U flfl'VINW Ufl'l1 'U {j It.! U'1'i11 fl!u'U eJ 11 m tll Ylllfllll. 
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'JJ1 ~ ~ ., .1 ., '" ..,.. ...ok, ::It'JJ 
1H'I::;'Yl fWn 'fl 'flUtllffU'I1 1:'1 fl fll'.itfl'fl tYn lJ '.i::; fHJU!'If~clHlt.!'tI'O'I IlHllllt.! f1'lH'lUflt.!'fl 'll' 'I t.!1 '0::; !U'u 

'l'l1~1ftijfl1:tnj'1t.! flU 11ml:tM'll~1I1tulllClllJt.! 

1.5 'll".i~l[J'lfulIl:J..:i..:inllij[J 

1. Ih~l[J'lfU~fI1ydlil:;:'~~U 
'llij fi~UluCI::;lli fll',j l!ml::;li'lI~ lIltu'tl '0 'I 111 CIl lJt.!UUUimj~ ~ lU tY::;'fl1fl tY11ll'.i tnll''llH'1t.! 

~ g,I e:t ~ If~ '" t::9 d '" '1 i/.c:o. If .. 14
l'lf'I'll' 'Ot.!'tI'O'IlllCllllt.!UCl::; CI! !fllJ'fll'lYllfll'.iftfl'lJltY fll1::; fll'.i VI'flCltl'll'l l'VIlJ 1::; tYlIl'll 11 11m1::; '11 'I1llJ '.i lIltu 

'IJ'O'IlllmlJt.!it.!~1'OuH~trW '1,'0 '~'OU1'1lUjt.!fh 'ilQ'Ifnfl 1'flu'1~lfl~tNi1'O~lJtl~U~1it.!,r~)'I'llijU~fll'.i 

fitllfl~tl'l ~1-1ffliJCI-tYl'llfl1 Vllvli~lllVl~ i'flui1ii11ilffl'H1Ufll'.illm 1::; M111mlJU iffl l'fl 11 '0::; '¢i1U 

fll'.i ~Vi 1I'rl''1U11 '.i tYl'.il'1fl fll ',j UCI::;fll'fl1Ui1'0::; tYlll 1'.i T:li\IlIlJ 1~ 'OU'Ofl! Ut.! QlI mwfll'.i 11fl '.i 1::; M!tU U 

'" '" .. 'JJ .1 ' , lJI.1
'Ylfl'Yll'H'.itlfll'.i11fl',j1::;'I1mFlfl1U~11lJCl1 (Naked-eye detection) ~tl t1J . 

2. 'Htl1[J.Huihhr.mfll".iiij[J'tfl.u'1I".i:: l[J'lfu 

1. 1I'11l1V1Ultlf.HVlfl it.! iC!U'.i l'lfll'lflCl'Yl'.i::;um 

2. tYtllUU fll',j flfl'lJ 11~U1fiu q''IJ fIl'YlUt'l::;fl11lJ'llt'ltl'flnU '1 Utll'l1l'.i 

I ~Q.I 4 Q;I 

3. 11U1U'I1t.!TiHJlflU1flUtll'l11'.i 

... OJ. 
1.6 U[JUJfl't'l'f1lil't'll~ 

'"t:lH1Um 

"I ~ Q<l4,;;J tv o'dQ.l C'.:::i : ,9Jd. j} 4 

tY1'.ilJ'.i::;fl'OU'OUVI'HJVI ifI'illflm'.itY'Ilml::;'I111C1fl'lJtu::;lUun:]tY'tI11 t'l::;mUt.!1 ifItclflt.!'OU 11 

\1m im'ltY~l'lYll'llfllJ C3H6 N6 (1,3,5 Triazine 2,4,6 Triamine) lJlu 1~'.il'OlJ1UU'O'Iflll'.i::;fl'OU 66% 
..::1.;::9 .dti ifIUlJ1t'llJ'If'OYIl'llfllJ11 t. 3, 5-triazine-2, 4, 6-triamine 

lfl".i'll ".i::nI:JUI;J..:ioJI:JU 

'" "'1. '" lJI.1 'JJ.., ~"1 i '" lflifl'il1flm'.i VI lIWfllJ'\1'.i'O! 'O'O'Ot.!lJ'.i::;~t'lUlIltY'.i1'1'YlU 1i:mJ 'Oflflt.! mf::;11'.ifltl::;~flll'tl'O'I 

i CI'I1 ::;~1uiu1i::;1fll11ClU~!l ihfiifllUt.! tYl'.i ~ciru ~flU fl111~11 tYl'.i if'01 ,HUt.! tYl'.i 11 '.i::; fl flU ~lllt.! flt'll'! 

lJI ''''.1 '" '.1 '" 'JJ 'JJ "'.1 '" '" " ... 'JI!lJlIlJ'.i::;~ l'.i um1tYl'.i lJ'.i::; mJ Ul'lf'l'll''OU mlJlJ'.i:;~U1fl'l1'.iflt'l1Jl'.i um1 flflflt.!l'lf'l'll'flt.! 

iiimllfl1'f11vflFl!3-I'f11 

, 
'0 '" '11 t.! 1 U 'ill!! U flflClt.! II tY 'I 

(Monochromator) l'll't'lfttllld'Uld'ffl'.iCl::;mtl (Absorption cell) llt'l::;'I1tbu~n'il1'fl (Detector) 
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url'lh 

t1 44Q C\{)fl'mlUlIlfU'l1 (Mannich reaction) 

lIfif1~ululJm1"lJ,.lhnJfif1lullf1~ilUl'll6'UfWffU 3 "lJU~ iilfl w~u Bft~i~1P1 "lJU'fl~i1i 

ffllJl'H1lf1'fl t lI~m)ft1~ 1m:;; i'l1~U"lJU'fl~ffllJl'Hltf1'fl111~Uflft1~ 1'flmfl~Ull~a<U'111111fif1lUlft1J 

Bft~ '~lP1tn'fltrluffl'.njnuul'1'~tl unil "iliJtilulJ" \11 miui'lhmiu 11l~u ml\1~t<U'11111l finlUlt11J 

ffl'njn UU ~~ eJ ~iU t 11 ~ iJrUUlJ lil f1'fllrl U ffU 11 n: nfl1Jl~ '1~tJU~u t)~iU III p-amino-carbonyl 

" compound 1'flUUff'fl'l nft1f1 Ill:i 1f1'flllfin~tn~'1i1 

• 

H 
.. . 
OJ ... 

'IIlAn2 

H /~ .......... 
m·~ 

HO 
~ R( / Rz 
~.=-'----­
R3 

ID R R 
H20~3 /1
~N 
~\ 

H Rz 

.. . 
... ... 
'IIun3 



, 
«t 

UTITI 2 

...
2.1 11,Ia11,1U 

.c::t £It 4 d "'4, 9J ., " 1 QI fI,l ~ 1IlJl'!llJlJ l'UlHnltJ'.i:mmJflln1'Hl'n ~Hl1flfl11ff~lfI'.i1::lI 'flOgflff~lml::lI'\llJflHlll fl 'flO 

.c:t .qQl ~"q :,ild iJ 1 9J.q ......
Liebig ilJiI fI.ff. 1834 lJl'!fll:lW:a'UlJFHff'\l11 l'!::mOlJl 'fllafllJfl{J lJtl91'.i flHfflUnHlfllJflfl 

C3H6N6 (1,3,5 Triazine 2,4,6 Triamine) U'lJ 191'.iLlIlJlillJfl~rftJ'.i::flfltJ 66% 1'flOlJ1l'! li~OVlHLFIli 
I ~ .c::t A QI f/J, 4.o:::t' 4 OJ d 

11 I ,3,5-triazine-2,4,6-triamine t)f~llJmlJlJlI::lfl'flfl\fWlJ1i'\llJlIl'!10'lflJ'fl I'.i 0fl11 IlJl'!llJlJfllJlJ ll'!fl fl 

_I 9J!'it .,,, ...'oj., d i-I ..
lJ'.i::flfltJ ammeline, ammelide Ul'!:: cyanuric acid UlJlI::L'UlJfl'\fWlJ1i'\lfl~llJmlJlJU91flV~lJ lJ'.i91lJ 

"" tl~()~ 224.36 % 

melamine ammeline ammelide cyanuric acid 

1 'flfJtJflAuti'1IlJmlilJlI::gml1 1 tJirllJ1'.i ~~llJ~9lfflllm'.i lJVlHlfiliLl4fli~ilJ flllHii9lffn 

~l'W1fl1'VtiiLlJfllL'.icHlJl::lI';h~LlJl'!llilJun::"'fll~n~h~ Ll4fli~LillJfl11 1I1flffll~HlfI~flmh~' "l 
., ., ., 

lJflfl1l1 flU LlJ m UlJ er~g fl'llllJ 1 Hii9l1l1lJ IlJ l'!lUlJ Q~'VttnffA fl 1I10'll1 1 tJ";1'1l1 fJ1~tJl'Vt ii~ 'Ill fJl";l 

fl11lJff::61'flIll'!::~{J lillJ~lJ [1, 2] 

'\lfl~ffl'.i LlJ nlUlJ'VttJ';i1utJ;lJ1W'\lfl~h 19l1LlIlJ ff ~ ";1 i ,mflllLAlJffllLlJm lilJl'!~ 'tJHfflJfltJ'IlllJlJ..
'1 : 
., 

.-I": .. 9JJdJ ,::: ....
L'VtOL'VtlJtJ'.i lJ1W'\lO~ lJ A'.illllJilJlJ llJlJilltl~'\llJ t)f~fl1'.i 1I::An1l11lJllJ lJlJ lJlJflWfl1V1Hfl1111'.ilJlfl 

U'omytv~ i'fl,.1lJlI::";lfl1'.i91nllfffltJ~tJ;lJlW '\l6~1tJ'.i~lJ ilJJ1lJwhtl~1I1fl1:ij ~~ ffllJ1'l ()";1 fln 

1'flMlIl flfl 1'\l6~1 lJ 1A1LlIlJ ~~,.1lJO'lHfflJffl'l LlJnllilJ~~Jj1lJ19l'l LlIlJ tl~L~l1tJilJJ1lJlJlI::gflvhi11' ., ., ., 
L~li lI'h'llllJlJiiitJ'.i~lJ tl~un::lillJ'Il1lJlJflW m'Vt~ lJflfl1l1flUih 1 ~lifl11'1l11lJmUlJhlHfflJilJ 

19lQAtJ~i~";161111'l ff9111l461i1lJUlI ci~ 1tJ'.i~lJun::'lbmvilJfl11lJ19l1111lJ~ ':iji,;1tJ'.i~lJ~mi'lIl~ 



, 
U'ni12 

ijfl~'UJ (Non-protien nitrogen; NPN) ~~Jt.I':J.nnih,J~.uDt.I ffu~"'j1~i''lJtllJiJJU11..ri~LDt.I 
tf1t.1NfflJ it.lNtlflftW cntJ1't11'l' 

" 2.2.1 fll'l'tlt.lliltlt.lLlJ1:nnt.llt.1t1l't1Ufffl1 

" 1t.Iil ft. fY. 2550 tl'l':;I'VIfYff't1i'!61lJlfllMfln~ft'lJfll'l'tlt.lliltlt.l'IJtI~llJinnt.llt.ltll't1 U fffl1 

1~tltJ1't11'l'fffl1I't1rilJt.I'~lLn Wheat gluten ~.uDt.l1f1tJ~'lJ~thriiJJit.lfll'l'Ntlfltll't11'l' 1~tltf1t.1:J.J1fl 
iI '" iI .1 ",.k~ ","'o'lil""""l lq .1 lq lqil0 

H1:I1~:;lJfll'l't.llL'lJl:J.J1~lflu'l':;l'VIfY~t.I C)I~LlIt.lffll't1~'t11:1fl'VI'Vl1I't1fffl11fl~ 'ifl tfl11tl u'l'::l'VIfY t'VItl,~ 

tJtJfltln:fllfrmlJtljffffl1tlitllJiJJlfl1..rUWU'l Ntlfl 'IJltltJl't11'l'fffl1 !L1:I::1f1Q~mn't1Ufffl1~n 

" 2.2.2 fll'l'tlt.lliltlt.l'IJ tI~!lJ1:Ilnt.lit.l tJ1't11'l' 


lrltl1t.1~ 17 Ot.ltlltlt.l 2551 '~n'l'ltl~lt.l.,jl1L~tl10'lJ~uiifllnUnnihmDt.I~lt.l1t.1lJln 


L~tI~~ In fll'l''lJn flflNtlflnW crIt.1lJril't1 i''lJ'VI1'l' ml1:l::L~fllg n it.ltl'l':::I'V1fY~t.I 111:1:: lrl'tJ1t.1~ 18 Ot.ltlltlt.l 

" '" 1 lq iI iI • .1 '" lq iI I2551 'tJ~flfll'l''tJt.lllJtl 1:Ifl '~lL~~11 m::m1~ffl1il'l'W t!'IJ'lJtI~u'l'::I'VIfY\lt.l t~'l'ltl~lt.l11ft'lJ'VIUflll1:l::: 

l~mgn:J.J1flfl"h 6,240 'l'ltlil1tl~1t1hfl~1 ~~IDt.Ihfl~ft'lJ1~tllnit.l'VInflu1:I:;l~n U1:I:::Lntl;f1f1 

, " " 
~lt.l1t.1 3 'l'ltl 1tltlnffll't1~\llnfll'l''lJnflflNtlflftwcnt.llJntlt.lLil'tJt.Iffl'l' llJ1:I1nt.l t.I'tJfl~lnil 'lJl'H'VI 

" " SANLU iJ~,~u~~'hn~f'tJ~11tlt.l"hnflntlt.llil'tJt.I'IJ'tJ~llJ1:Ilnt.l:J.J1i~!I~ l~'tJt.lnt.llfllJ 2551 U1:I:;\)ln 

fllnltl~1t.I'lJtNlfll'tJ.,jltl INFOSAN ft'lJ':hntl'l':;l'VIfY~t.I "1 1~fln~ft'lJffl'l'llJ1:I1nt.llt.1tJ1't11'l' 

Jt d .4 il" ~ d<v d e!l ,;. \Ii';'
llJ'tJlJ ffl'l' llJ 1:11 lJt.I tlt.ll 'tJt.I 1'UtJ1 't11'l''VI'l''lJtl'l':;'VIlt.l LlJ 1:1 1 lJt.I \l::: tlfl~~C)llJl'IJ n l~ flltl t~~ltl... .. 

U1:I::: ln~fll'l' fI nNnn'IJtI~ ffl'l'1lJ1:Ilnt.li t.ll,1t1 1f1 tJ1 nn1~'lJil1t1~rilriw~uff~~tI'tJfllrl'tJ1 ~i''lJ ff1'l' llJ 
" 

1:1 1nt.lit.I tl,:J.J1W~lJ lfllnt.l' tlL'lft.l Ln~ fll'l' 1::flltILtitl~lrlml~~lJl'ii'11tllrl'tJ fflJ Nff~::yh1..rN1't1U'~ 

Jfllff'lJ Irl'tJi''lJtl'l'::'VI1t.1l'ii'l 1 tl~::tf~N1:I 1..r'l'::'lJ'lJffm;t.I'Il~n'Vi11:l1tl In~~1it.Il1'tJtlffff11:;U1:I:;1f1 

Ln~m:L1~~vi'tJ tl ffff11::: 'lJ H'l' ltltJ1~ntliJJ't11vitltl ffffl1:; "'lJl't11:11U1:I:::flltlit.I ~t!~ 

't1lhtl~lt.lfl11lJtl1:ltl~ntl~lt.ltll't11'l' tl'l'::~lff't1fl1ftQhtl (European food Safety 

Authority : EFSA) 1 ~nfll'l' rh 't1t.1~ri lit.lfll'l''lJ l1ftflllJ1:I1nt.l~'tJ1t.1 'IJ'tJ~lJlJ'l:l6!11:1:: fffl1 (Tolerable 

" daily intake: TDI) it.l'l':::~'lJ1liLnt.l 0.5 ij1:ltlni'lJ~'tJfi11:1fli'lJ'IJ'tJ~Ul't1U'ni1~'tJ1t.1 l~tlril TDI 

'IJ tHLlJ 1:1 11it.l..l~fl t.I U1:I:; fffl1i ..rnrillvi1 Ot.llft'l' 1::: iJ~1linfll'l'1~tllt.l fffl1t1'tJ n lJ 1 tf1t.1 ri lllJ1:I1nt.l ~~ \)::: 

\1fl<Jf:;\llflftl<Jft.l::\l::tlt.llJ10mn't111flt.lU1:I:::fffl11nt.lfl'h 30 ij1:ltlni'lJInl1:1ni'lJ 't11'tJ 30 ppm 1~ 

http:ffl'l'1lJ1:Ilnt.li
http:Mfln~ft'lJfll'l'tlt.lliltlt.l'IJtI~llJinnt.ll
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tllfl1 nlua6~fl£l"'6~nJalilu 

A ~ (J''',r:::I ... J Q;'.Q 

ff'UlUtH'illfltl'U91 f1THU uluih:mnJ{lll1U illtn111'it'l'911 illl.h:::1'Ylf'lt'l'111!611ll f11 USFDA . ~ 

U{I::: European Food Safety Agency (EFSA) '~fhfl1'iUl~liillfl1111tihJ>1illil fI.f'I.2007 ;)>111 

(1) USFDA '~tlll1l1Ylfhfl1111U{l6~uitJ'\J6>111l{lliillU{l~t'I'1'i~1~tl1,j'6>1 (Tolerable daily 

intake (TDI) = 0.63 mg/kg.bw/day) 

(2) EFSA '~tlll1l1Ylfllf11111t1{16YliltJ'\J6>111l{lliill11{1~t'I'11~1~tJ1,j'6>1 (Tolerable daily 

intake (WI) = 0.5 mg/kg.bw/day) 
\lilt cvd d 

f1W~mll1f11161111'i ill f111 tIn '1111 fI;>1-ti 7/2551 111'Y1 29 fllltJll1l1 2551 1l111'b'6'U 

fll1 til:: 1iill fl11111 ~ lI>19i 6 fll1' ~l'U t'l'1111l{l lii 1I 'ill flfll1 'U 11ft fllIlI U{I~ 611111 ~ iill1l1nll 

'.1 "I' 'I ,..,.. ""I' tI l'I "" ~,.. d .. ,l
t'l'1111Jl~fl6'U lYltJ l'b''tI6~{lf111'Ullftfl'\J6>1 l~1'Ylf'l t'YIll 'If>1l1J1I'tI6~{I'YI tl1:::11l1l'U1Il'C1I!11111111 

l1l;fl f11111H1'YItJlf'11 t'l'91 {~t'I'6Yl fI ~6>1 fl'U t'l'1 fl{l 11{I:: tll11l1Yltnw tti'fl 1 fl1111t1 {l6Yl illl'\J6 >1611111~ ii 
~ 

fl1'itllllil611t'1'l1I11{11iillU{l::t'I'1'iillfl~1I1~fJ1illl (Melamine and its analogues) '~url 11Imiill 

(Melamine) mYlilllll~1fl (Cyanuric acid) U611ii'{I~ (Ammelide) U{I:at611ii~1I (Ammeline) 
~ 

1;j1l;)>111 

(1) ,Jjlnll 1 ii{liifl;1I9i601{lfllll th111'U1I1I~Hl'Jfl'IriJYl 

(2) ,Jjlnll 2.5 ii{liifl;1I9i6n1{lfllll tTll1;'Ur-lii91ilW tti'61111'i~iillll11166>1fltll::fl6'U 

'tI6>111111;jlltf111r-lt'l'lI [5] 

... .,.
2.4 l11flUflf111A11i1tYtmnJaum [6} 

2.4.1111flilfl Capilary Electrophoresis (CE) 

Capillary Electrophoresis (CE) 1;jlll'YIflUfI~t'I'll11'iflllllm!{I::11fl11:afl11t11111W'tl6>1111m 

iill'~mh>111Yll~1 1Yllltnfllll1flflfl1'ifi6iiflllitlm::ut'l"yJyhul>1~>11~61Wfll1l1{lfJ{I~ihh:::~ 
~ . 


U1I fl9iHflll 'tI1I1Yll!{l~fl1111ii,j1'il::l;j1l~i1t111111Yl!1{11-tit'l'l1 'il::\lfl,j'U66fl'ill fll16 capillary ill 

iJ'il~'jjll CE \lmhlll11fln::,.;'111{11ii1l1YltJicN~111n'il1Yl~l1mfll1mll'~url f111~Ylflt;1I;>1ff UV, 

'Yl16Yltn{mJ U{I:: Mass spectrometry (MS) ~16dHlIlIr-l>1t'1'll111tl11f111::111~lYlllii1iYl~lflYl 

AUfYl 0.06 !lglml ~Yl':hiifl1111'1fl111'YIflUflgll"1 1I6fl'illflif6>1t'1'11111fl11f111::11111',j 611111 

if1li'lYlllillf111UlIfl'il::icN 40 mM disodium hydrogen phosphate 'jjyJlyJ6{ pH 9 

2.4.2 I'YIflilfl High-performance liquid chromatography (HPLC) 
~ . 

High-performance liquid chromatography (HPLC) l;jlll'YlflUfI-Wll!ll1ViicNillflll 

" 
1In'ilt'l'6'Ull1miill 1Ylllt'l'll11'itl1ln'ilt'l'6'U'~i>1 melamine, ammeline 11{1~ ammelide ill,j'11 dh 
,j'nll'CYl 1Ylllii1iYl~lflYl6~~ 5 ppm 6dl~'1~1Ill1 1'Y1f1UfI'\J6>1 HPLC , Jjt'l'll1 11 tlUlI 611 hll{lfJ{I 
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4U 4 ~ tI 
2.6 -:Jl",1tlOJUft01'IJtl-:J 

1. fll'l'liWlln1n(ntJfl19'11v119'1nJl1~ffl'Hi'ufll'l'1fln:;11'llJflliiu [4] 1flflfnfltlfll'l'IOfl 

.1 .. ,; . .1 " ., "'lit " .... ,. • I...... d '" •
ffl'i u'l':;m)UI'I$~<:JftJU'tI tJ~ffl'ifl:;mtlNfflJ'tItJ'lrttJ'l'lJflfl 1~flllfl:: ffl'il11Jfl I9'lU 9'I1lJu{1mtIll1I'l' tlf111 

C\!iI .d~,J III .dt d ~ 
Mannich reaction ff1'l'tJ'l':;fltJU1'l$~<:JftJUl1lf1fl'tlUtlfll9ln'il1flfll'l'flflflfl'UUff~'VIfI11lJ0l1flfl'U 214 'U1.. .. 
1'UllJI9I'.i in ~liWlUl~Ulh1tJl~lu fll 'l' l1flfftJU111llJflliiuluA1tJUHtJl111'l' 'VlU':h 1l1'!tJtlfl:;fIl'.i 

Q./4 '41 .dow QI tW' 

flflUflUllllVllflU 97 llft::'tIfl'illflflfll'.i9'l'.i1'i11flll11flU 0.063 )J.g/mg 

2. fIl'l'11f1'l'lnnfltl'~I'VIflUfl Capillary electrophoresis fl1u~nUfluvh on-line 

preconcentration ~flliWl'U1~U [7] ,vltJ 1~l1flfftJU11ltJllllflJ'tItJ.:jllJftliiu~iifl11lJ'l' 1fll~11uA1tJtiH 
,. ... I.e:!.c:t at v ~ ~ ~ "V Q.I' ~ 

UlJ Ifltllu'l' tlUI'VItlUfIl'.i l'I$I'VIfl'Ufl stacking llft:: sweeping IUfll'l' l'VllJfI11lJl"lJ'tIU'tItJ~19I1tJOH IU 

flU111'1 '.i 1::11111 tJ1lJ lflJnJflliiu 'ill flfll'l''VIflfltJ~~fl ~l nfl ~lqfl"tJ~fll'l'11fl'J 1:;11'1flO1~I'VIflUfl . 
stacking tJg'ii 0.5 ng/mL 1m:: 9.2 ng/mL ffll1i'UI'VIflUfl sweeping tJUH h~l9IllJfflnUf11'U'iI:; 

" if~NflAtJfIl'l'11fl'l' l:;11'lfltlHIl1flUfl sweeping lllflfl11~~,:r'UI'VIflUfl stacking ~~iifl11lJt'l1lJl:;fflJ 

lllf1f111 Sweeping-Micellar Electrokinetic Chromatography (sweeping-MEKC) 1i~~f1'l.hllll~ 
.. ".I" ... ,. ... 1"1 ';,. i ,; '" ... ... '" .
11fl'Jl:;1111lu'l'lJlflJllJmlJU IfltlffllJl'l'tl1!fl'Jl:;l1 lfllflO 'l$nftll'Vltl~ 6 Ull1 fll'l'II9l'l'tllJI9I1tJtIl~'iI:; 

.d f d .c:i f.c:::. tI 
119I'l'tllJN1U solid phase extraction (SPE) <:Jf~lJ RSD 4.8% fl11lJlllJU'tItJ~fIl'l'1Ifl'n:;11\lfl'VIflfftJU 

1 " . 
1fltlfll'.i spiking 0.5 llft:; 2 )J.gmL 'tItJ~llJmiiu1uA1tJUH'tllUlJ 'VlU11ii!tJOft:;fll'l'flJ:iUflU'ii 

93.4 ±0.5% 
. " 

3. in 'iiiifl11lJ i 1 llfl:;l'il 1:; 'iI ~1'U fIl'l' 11fl'l'1::11111tJllllflJllJftliiu ~flliWl'U l;jUtJtil~ 
. " 

fl~H'tI~H1u~lU'VI1~,;'lUtJl111'.i 1fl tilU'Vll:;N~l9IilflJGfi''iiflllJl'illftUlJ ~lul1ioil [8] 1i~fl1fll'l''WWl 'U1 

tQ.dd.d 0 QI QI t " fd,.
11il1lJfI11lJl'l'1 Ifltll11fll'.iffflflI9l1tJtlHfl1t1ffl'l'fl::fllti aqueous 1% trichloroacetic acid fltJU 

Q 0'fJ} ~ ~d 
11f1'l'1::l1fl10!l1flUfl Liquid Chromatography-Tandem Mass Spectrometry (LC-MSIMS) 11i'VI 

'" .l ,! 0 i. I'" ".1" ... 'I "" ~ ,;... '" " 'VlWlUl'tlUlllU\jflUl u11fl'l'1::11111u'l' lllf.l.lllJflllJUIUl9I1tJtll~ 'tIUlJu~m tJU 'Vllffl9l1 11ft::: Nft9'l f1flJ en 

" 
UlJ 4 'l$Ufl 1n11fl'l'1:::11ilii!tJtlm;fIl'l'f1J:iUflUtJfj1mh~ 77%-100% 1m::: RSD UtJtlfl11 5%.. 
~fl~lnfl~lqfltJgl'U'lh~ 0.0 I - 0.1 mg/kg 

4. 'WWl Ul1n1miffTI1 i'UflU11fl'J l:::11'tJ~lJlf.l.lllJftl1i'U1UA1tJth~ulJ 1flO '~I'VIflUfl 

Hollow Fiber Sorptive Extraction (HFSE) [9] 1fltll~fll'.iI'l'l'1'i11fl,;'1t1 Gas Chromatography-Mass 

... 'I ., 'I" d .!I ,; ... "1
Spectrometry IlJflllJ'U !U'UlJfffl\jflffflfllflO Hollow fiber 'VIlflfltJUfl10 Zirconia llft::11f1'l'1:;11 fltl 

~ , d V d,Cl] .::::t d f \q .,., lSi v 
l'VIflUfl GC-MS 'VlU11lJ'tItJflfltJlJfI11lJ'l'1fll'l'1tJtlHlJlfl IlJl'ltJ~ l'I$ffl'l'fl:::ftlO (Free-solvent) 

,.,s'" ,; <>d... " , .. "'I !II , ~ 
fll11'l'UfI11lJ~fll9ltJ~'tItJ~11i1Ifl'l'1:::11 (Method validation) 'VlU11fll'l'11fl'l' 1::11'i1::: !11'1$1~fI11lJllJU 

ttV'UI'IHtJ~1'U'lh~ 0.001 -1000 llg/mL ~fl~lnfl~lqfltJd''\..I'lh~ 0.001 )J.g/mL 



5. O1'S11fl'n:::MtJllllW'IIf.mJ'4fr'Ut'lltJ.:jllJCI1ii'U 4 'lIUIfi [10] fltJUJUfill (Melame) 111 

all (Meleme) lltJlIUJa'U (Ammeline) Ufi:::UtJ1I111'fifi' (Ammelide) ilfltl11 High-Perfonnance 
. " 

Cation-Exchange Chromatography fiiiUvl!vltJ{vltJfflvl~!n'U~1'l1:::li.:j''U'S:::'IJ'IJ Isocratic Hfi::: 

Gradient llfi:::~n~11f1~1t1 Photodiode array UV-Vis ilfltlO1mtlflUfi:::fll'S~n~11f1!n'UU'IJ'IJ 
, ~ 91 .d A ".

Simultaneous Vl'IJ11fl111111J'Ulfl"\'!~H'IItJ.:j l1I11fill, 111fi111'U Ufi:::lllfill tJU.. 1'U'lI1.:j 9.0--36.2 mM, 

11.9-85.5 mM Ufi::: 2.8-10.6 mM ~ll1ih~'IJ 
oC%.d t d' A tf .dllJ 'j/ ~ 3. i

6. TIi.:j1t1 'S11f1l'S1 Ufi:::ff1111H111m1:::'I1'UtJflfftl1'UVillfi [11] \!flVlIl)J'U1'11'U 'U01'S 

11m1::: M'I11tJllllt.lUlIfi1ii'U i IfItlO1 'S' fllfl ff'lltHCl'4mfl'llCl.:jVlCl.:j i'U 'S::: ~'IJ'U1 i 'U i IfItI!lIfi1ii'U~::: 

I'\1'd tl1il i i 11',nIflO1'S ':I' 111 ~1 'II Cl.:jCl '4 .fl1fl'll Cl.:jVltJ.:jl1 1 i 11'lfllfl 01':1' 1tJ~ tIl.uttJMff1l1 fl ffUIfI.:jltl'U ff 1i1.:j 
" .

iIflUi'U.:j1'U1~UU11101'S11m1:::M'I11tJl1l1t.lHllCl1ii'Ul'U~1tJ~h~'U1I i IfItI~lfI~lnlfl~lil'lfIflCl 1.0 Ufi::: 

4.2 ppm .fl1t1i'U 30 'U1fi~1U9mtJ~1 ilflu'1i~tJ.:ji~lfl~tJ.:jOt)fhfl'1:I 

7. fll'S1~U [l2] '~frll)J'U1n~~lUUfi:::nIfl1~1i'U01':l'11fln:::MtJllllW'IICl.:jlllCl1ii'Ui'U 

9i1t)6H'U 1l11f1 Ui~tI'4mfl'lltJ.:jVlCl.:j i'Un;~'lI'U11 'U llf1ui~ff fI11:::~ltl'UflfiH lmnii'U ff11l1Hl 

1'11 ihnil1 i 11'Ifllfl 01 ':I' 91 fl~::: fltl'Ull'n11 fllfl 01 'S !tJ~u'UutJfi.:j ff'll t)~Cl'4.fl1fl'll t)~V1 t).:j Ii) 1flffUIfI.:jltl'U ff~1 
" .. 

llf1unuff11ll'St'l11fl':I' 1::: MtJ;1I1W'llt)~111C11ii'U'~~1U~11tJ~1'11lCl1fl-;tJ~ UV-Vis ~1fI~1nlfl~lil'lfI'IICl.:j 
4,f.dl &t Qa J ~ Aod.d, A ~ 91 i .. d 

m'S11fl'.n:::'I1fltl 0.4 mg/L CU.:j11i'Ul1J'U11im1U Ufi:::ffUllHI1Iml::'I1 LlfimU 'U l2 'U1V1V1 
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U't1't1 3 

_I J "" 3.1 	~1Jfl·H\.IIIt1~i:r1111\UI 

~ 'V 
Itne-lllfl1 

'tJ1~l'r~tli1J1\PH 

d 	 ..d ~ 
IfIltH UV-VIS Spectrophotometer ru UV-1700 UlH) SHIMADZU 

Ifl~tJ~t'tJ{hffljlflm'U1HltJ~l'l~'fltJ~ (Vortex) l'U VM-300 ~,rtJ Gemmy Industrial 
. . 	 . 

.4. <.V .t::S I -=I jJ 

IfIltJ~'ll'~ffnlfl:IJ rU GR-200 U'I1tJ Diethelm 
I d'))

Ultrasonicate l'U 690D U'I1tJ CREST 

'f'l~tJ~iJ'Ul'I1iu~1'1 fll'1~fltJ'U (Centrifuge) l'U PLC-O 12E ~,rn K university Centrifuge 

Micropipette ~'I1n Brand 

IfI~tJ~l'hJ'ltljlf11l1fl'm)tJ'U l'U TKA ~,rtl TKA-GenPure 

I .d ~ 
11P11tJ'lJl'U 100-800 (I'I1tJ Hemmert 
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ff111f1l1 

• 
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i 

! 

'" n 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

"j 
'1St) IUPAC 

1,3,5-Triazine-2,4 ,6-triamine 

I 4-hydroxyacetophenone 

I-pyrene carboxa Idehyde 

2-acetone-naphtone 

Nitric acid 

Ethanaol 

Acetronitrile 

Hydrochloric acid 

Acetic acid 

Formaldehyde 

Trichloro acetic acid 

Trifluoro acetic acid 

Acetron itri Ie 

Sulfuric acid 

• 

. 
"V 

i Molecular U'Ht) 

C3H6N6 Fluka 

CgHP2 Fluka I 

C I7H IOO Fluka 
i 

CgHP2 Fluka 

HNO} Labscan 

C2H,OH Labscan 

HCN 
i 

Labscan I 
HCl Labscan 

I 

I CH3COOH Labscan 
I 

CHP Fluka 
! 

CCl
3
COOH Labscan 

i 

CF3COOH Labscan 

CH3CN Labscan 

H2SO4 Labscan 
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Stock solution 1JtH Melamine 6.3 ppm (Fluka, Mw=l 26.12) 


i.:J Melamine 1.6 mg 1I1ulIllJl915tn'U 250 ml.Ji'1t1tll1l5lfHllll'tH)O'U flfflJffU'fl:::'fllti 


.Ji'1mVli'1'afll'V1flUfI~'fl91~11'liUfHn'Ut1m 10 'U1Yi 

Stock solution 1JiJ-l4-hydroxyacetophenone 6.3 ppm (Fluka, Mw=136.15) 

i.:J 4-hydroxyacetophenone 1.6 mg 'fl:::mtl.Ji'1tIWVl1'UO'fl 10 mllli'UlIllJl~:iln'U 250 ml 

jI: lJ) c. vi '" '"jI c;l~1t1'U11151fl'iJ11l !OOO'U ~H'flJff15'fl:::mtlmtllVlfl'UfI~'fl~51 'li'Ufltll'U!1m 5 'UlVl 

Stock solution 1Ji:H 2-acetone-naphtone 6.3 ppm (Fluka, Mw=170.21) 

i.:J 2-acetone-naphrone III 1.6 mg 'fl:::'fl1t1.Ji'lt1l0Vl1'UO'fl 10 1111 lIi'ulI~lJl~';Hn'U 250 ml 

!V -: !V ~ 9J"Q~ ~ 
~1t1'Ul flfflJff15'fl:::mtl~lmVlfl'UflfJ'fl~51 !9$'Uflt'IJ'Unm 5 'UlVl 

Stock solution 1JiJ,;j I-pyrene carboxaldehyde 6.3 ppm (Fluka, Mw=230.36) 
~ ~ <1.:\ lJ) Q <J} !V 
'H I-pyrene carboxaldehyde 1.6 mg 'fl:::m(l~1t1lUVl1'UVt'l 30 mll91lJm~ !'U~5m'lllJ'IJ'U 

" to ml 1Ii'UlI~lJl~51n'U 250 ml .Ji'1tl'lh1l51fl'iJlllioou'U flfflJffl'H'l::.:mu.Ji'1t1lVlflumJ'fl~~119$UfI 

!t1'Ul1m 5 'UlYi lrft.:J'iJlmf'Uihll~ Stock solution 'lJO.:J I-pyrenc carboxaldehyde I ml 1I1u 
" .

1I~1ll~5.Ji'1t1lll!1I'U 100 mll'V1U'\~'\'U11151!ml:::l'i'~f)'1I 

Stock solution 1JB-l Formaldehyde 99% (Fluka) 

'" !~5mHnll Formaldehyde 99% 

Stock solution 1JB-l 10% Trifluoro acetic acid (TFA) 

!~lUml1ll TFA 99.99% l~tlihll~ TFA lJl 10 mllli'UlI~:Ull'mll'U 100 ml.Ji'1t1tll 

Stock 'liM 10% Trichloro acetic acid (TeA) 

i.:J TeA to g ":::mtJtll!!,,:::1Ii'ulI~lJl~511l'U 100 ml .Ji'1Utll1151fl'iJllliuou'U 

* 'HlJ1U!l1~ ~'flO~ f)lHl~'flO~ ,\~tll1l51fl'iJllliUOf)'U 

" 
3.3 -U'UVlf)'Uf)l1l1Y1'iUH 

.:Jl'U11lU';'Uti'11l'U tl U flllW111 11lfiil~tI1~!l1 lJ 1::: fflJ 'I'U 11151!f1 'j' 1:;;'t(1I~ lJlW'IJ O.:JllJ'fllii'U1'flU 
" " .ffllJlHIH1i.:J,j'U~O'U 1115 VI~(H).:JUtJmll'U 4 ,j'U~tJ'U l.Ji'W) VI~ffomnllilill fnYi!l1111:::fflJ VI~ffOU 

ffm1::;~1l1111::;fflJ'iJ11l1lfinj'tJ1~I~UIlH 1115V1~ffUUfl11lJ\JIl~O.:J (Method validation) lm::;I11':i 

1!m l::.:l'i'lIl111W!:IJmii'U'I 'U ¥l1ufh~'UlJ'Yl~tllJ~lJ 

1. l1Y1IJf)U'H1l1 oil'jmnnnn::::tUJ 

lIilfi1tI1~l~tllllJln~EJ;'~11ml::;l'i'1I~lllW'lJtl.:JllJ'fllii'Uii~trh lllJ'UU'lf (Mannich reaction) 

ltl'UlIilfi~tI1~lfi~~m::;'rdni;Y15 3 'lfU~ mii'U 6'fl~ieJ'fi' 'lfU~~hjcrllJ15f.Hfl~!1I o'Uf)"i.Ji'U(l::.:fi 

l~'U'lfU~~ ffllJlHl!ft~511o'UC)'fl i'fl'.. 

http:Mw=230.36
http:Mw=170.21
http:Mw=136.15
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unn 3 

1.1 uiin':jm'i~'t'I1H Melamine (Mel) 2-acetone-naphtone (Ace) l!iI~ Formaldehyde (For) 

"''''1tifll'in~tHI..:l 

1. uuYimnUrWd'lJ"lH)':) Melamine (Stock solution 'tltN Mel 3.5 ml Uf1JU~tJ1~'j¢(1{ll-htlu 
5 ml), 2-acetone-naphtonc (Stock solution 'tltl~ Ace 0.5 ml uf1Ju:;m~'j¢(1mf11tlu 5 mt) 'u'lh~ 

.,j 
m1lJtIl1f1"'U 200-500 nm 

2. NfflJ 0.5 ml 'tltH Ace Uft~ I ml 'tltl.:) For II"'~ Mel 0.5, 1, 1.5, 2 Il"'~ 3 ml ~llJih~1J 

uitJ1~nfntlJ~utlu 5 ml U\'\YinfflufI~i'lJ'U'Ji1.:)mllJ{l11f1gu 200-500 nm 

3. llli{rll!'Vi{l1JfflUfl~flJ~i¢('iI1n~tl 1 IIft~ ~tl 2 ~~ltluffnl.h:;:;ntl1Jli~"*tl'U'tltl.:jffl'j 

~ d .q 91 ~ 0.1 "..~ q J ..e!i 

4. 'Hlfl11lJtIl1f1"''U11 ft'l 'j U'j ~ fltl1J! 'li~ "lttl'U 'tl tl ~ ffl'j Nft ~ iltu "1'1111 fl~'tlU ff1 tJ1'j t)~~ fl ftU I!ff~ 

hi'tJ1fl~ rr~ 
~fla'U l!ff ~'tl tl.:)ff1'i U'j::: ntl1J! i ~"*tlU'tl tl ~ffl 'J 

'" 
5. 1'4"'tl~m 1'ri fl11lJ tY1J~'U.fi'j::'11 'h ~ti1fl1 'j ~ 

",IQ..:=t,Q ,

1.2 u{Jmm'i~'t'I1H Melamine (Mel) 2-acetone-naphtone (Ace) Ilft~ I-pyrene carboxaldehyde 

(Pyr) 

" 
1. 'lrwYimY!ufl~flJ'tltN Melamine (Stock solution 'tltl~ Mel 3.5 ml Uf1JUltJ1~'j¢(1mhltl'U 

'" 
5 ml), 2-acetone-naphtone (Stock solution 'tltl.:) Ace 0.5 ml ui'1JU~lJl~'j¢('J{llhttl'U 5 mO 11ft:: 1­

" 
pyrene carboxaldehyde (Stock solution 'tltl~ Pyr 100 ul ui'1JUllJl~'j¢(1trthtl'U 5 mO 'U'lh~ 

dt 
fl11lJt:l11f1ftU 200-500 nm 

" 2. NfflJff1nl~'I1lJ~'iI1f1 Stock solution ~.:j~l'JH 

I HO ..q M~(m;)T I-py' (ml) Ace (mll--4_, Hp(ml) I 
~--~-. ~~. I ,0.10 0.50 -~-i-~~
~f,, 0.5" _-+--~~1~-,-_~__~~__ I 3.9 --1 

3. 1.0 I 0.10 I 0.50 i- 3.4 ~ 

: j;: l-B;~-L:~1 
__6_._ 2.~_ I O. \0 I 0.50 I 1.9 I 
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3. UUllflfflUtl~flJ 'lU'lb~mllJtJl1i'l~U 200-500 nm 

4. lUltJ1Jll1tJUffI1Jfl~flJ~'~1l1fl<iJeJ I tiel::: <iJij 2 ~'U~UffUU'l:::fl'01Jl9t.:JoH'ij'\.I'U'O.:jffU 

• 

.d 
'YlqVl 

6. 'Wel'O~m 1l'lfl11lJ ftlJiU1in~'l11Hfllfll'lVlVlflftUtI ff .:j'U'O ~fflJ U'l::: fl'O'IJ'Uij ~ ffl mtl~ ilw c;1~
" 

"".%., !j)!j) Q 

lfl~'UU fl'IJtl11 lJl'IJ lJ'UU'lJtJ 'l UJelllJU 

~I~.e!\~ ,
1.3. u{Jfl'nll1:::li1H Melamine (Mel) 4-hydroxyacetophenone (Hap) IUl::: I-pyrene 

carboxaldehyde (Pyr) 

., "'I • 1 ., 	 • I" • I'" !j) 0'" <It
I. 	 'lJU'Ylflfflufl~nJ'lH).:j Melamine (stock solution 'IJij~ Mel 3.5 rol u'j'IJu'llJl~Hl1tJUll'IJU 5 

.1" _I"" !j) '" <It0rot) 4-hydroxyacetophenonc (stock solution 'IJ'O~ Hap 0.5 ml u'liJunn~Hl1tJUllUU 5 m]) um: 
~ ~ y: ~ I 

l-pyrene carboxaldehydc (stock solution 'IJij.:j Pyr 100 ul U'l'IJu-;j].Jl~'jmtJU11ilu 5 mt) iU'ln~ 

fl11lJtJl1flelU 200-500 nm"" 
'" 

2. NfflJffnl'i.:j'l1lJVl~1\llnH 

.,; 
Mel (rot) litltlVl'YI Pyr (mt) Hap (mO HzO (ml)I 

I I 
1. 0.0 0.10 0.50 i 4.4 

I 
2. 0.5 I 	 i0.10 0.50 3.9 

i 

3. 

4. 

5. 

6. 

1.0 

1.5 

2.0 

2.5 

0.10 I 0.50 I 3.4 I 

0.10 I 0.50 I 2.9 
I 

0.10 I 0.50 I 2.4 J 
0.10 I 0.50 I 1.9 I 

3. UUllflfflUMlflJ lU'Jf1.:jmllJtJl1f1~U 200-500 nm 

4. lmtJ'lJll1tJ'lJfflUfI\llflJ~M'illfl<iJ'O 11m::: <iJ'O 2 ~~1~uffn1J'j;;;fl'OUI9t.:JoH'ijU'lJtHffn 
e:. 0.1 if.d.e. J 

fi ,WI flWCVJ 'Yl tflVl 'IIU 

5. mmllJtJllf1~U(Alllax) ~ffnU'l:::flij'IJ'lJij~ffl'l fitllllilw c;1~lfli?l~U ffllJn (1~~flftUllff.:j 
1~lJlfl~f!Vl 

7. lft'Oflfl11lJtJllf1~U (Amax) ~i~iufln1!ml:::...r-W'ilnw lfflU rH'lflJ~Mlftt)fltl11lJm1fl~U 

'IJt)~Ntl~ilwcri'~'~~'l ~n'IJ~\CJ!'iIu~ 



I 1 II 	 I 


.,j 
tnl'fl 3 

, 	 ."" tlQ,I.l:\Q I!t va"Q2. 'nYltT6tJtTfln~'YII'HiJ1~tnJ91il {lil':nJl'nltH)il n 

• 

I. 	 31 )/" 

djfl! ~'lI fin~Vll1!H lJl::;ftlJm~l Vilfll'l'YI'fHYfltJ hUJVi lOU 'YI'fH'Ifl '1CJfl 3 fI i''1l1'1.fllVi'il 1'i1 

1~[nti'ilUfI::;~N1'i1ti'il 

3. 	 fIl1'nYltT6tJfI11:IJ\jiljJ6'1 (Method validation) 

Irtfl!~tI fin; [Jl~m :lJl::;ftlJU i\'lVi 1 fll'l 'YI'flftfltJ fill lJ\lfl~fl'l Ll~ll ri'li1'1f11llJI1'I'il11,1'il~ 'l '1't1 fl 'I 

m lvllJ1~'l!1'il :U'fl~lti'fl~ l~'fl'tlfl'ltll'l1lm n:M (LOD) :U'fl~lti'fl~l ~'fl'tltl'lfll'l11m1::; MI<Jt'l'll~:lJlW 
.d 	 '9J Q.I~

(LOQ) fll1lJl'YI[J'I (Precision) fll1lJUlJU (Accuracy) 'lfl[JfI::;tllHlfI'UflU (% Recovery) 

3.1 	'lfl'1f11uuihuGUVl1'1'116'1il1wJmVl1i1'U 

U'iI fif)ftI'lIfI~i'lJ'lJ tl'lftn'll'l::; f)fl'Ul<Jt'l~tl'il'llfHftn Nft~ i1w 'li'~!~\nf)'lIfinl [J l~l~tlf)!1~ 
, ~ 

fI11:lJl;J lJ;J'iI 'tI fl 'I t:u fl1 U'ill1 U ~ f)~ N tiu 11 ~'1111 f)il'U 'rl fltl ~m 1vl 'l:;; rl iNfll1lJl;J lJ;J'iI 'tI tHllJ fl1U 'iI 

. 	 . 

doQ..lo Q, C 	 QQVO

3.2 'IIYHllilYlVllqYl'llf)..:jfl1111fl11~'t'I (Limit of Detection, LOD) 1H1~'IIY191ilYlVllqYl'll6'1f1l1 

'" <I",llml~'t'II'ti''1tI'"1mru (Limit of Quantification, LOQ) 

.Q (I (V ~ ~ <14 9J 'JI ~ d gJ ~ d"d 
'tI'fl 111 f)'fl~ 11!'fl'llj'N fll'l 11m1:;;11f1tl fll1lJl'tllJ'tI'iI~ l~'fl'llfl'lftU 'YI~ fl'l tll'l 11m1::;'t'I 'YI ftl:lJl 'l tl 

11m 1::; M!~i 'fl[Jfl 1'l t'l'flf'111lJI;JlJ;J'iI'tIO'lllJfl1U'iI i,.r:lJlfl~ ftfl i 'fl(J~ V'Iffl:lJl'l tl Vi1 f) n 11m 1::;'t'I1~. 
>' , 

i'fl[Jiu'I1'i11<O[Ji1:U'fl~lti'fl\911 ~'fl'tlO'ltll'l1Im l::;Mft1lJl'jtl~nl1'tll '1 ~~'-;)[Jfln'\.ll Reagent blank lJl 

Q.J 	 (V 0 : t dol dr 
1'flfttyty1W111'ill'i1 7 "Ifl 111fl11'U[J\lI'lJ'iI:lJl~'l;Il'il (SD) fIl'illWi'll LOD 111flfllmflU'tltl'l reagent 

blank + 3SD 1!fI::;fi1'i11Wi'11 LOQ 111fll'hmilu'tltl'l reagent blank + 10SD 

. 
"" 3.3 fI1UII'ntt'l (Precision) (%RSD) 

fll UJl~U\l'tl fl '111l~ J.~i'il f) 1'l11m l::;M\1 fl'YI'flfffl'lJ i 'flUfl l'j1'fl i,n'llfl~i'lJ'Utl'lftl'l Nft~flwcn~ 
~ .. 

!lI !lI '" • ., i 0 ~.I
fll1:lJl'UlJ'U'ilI'fllJ"Ifl'\1t'llU'l fiN 'flU'YI1tll'l1Jlu~ stock solution 'Ufl'l Mel :lJl 1.5 ml Hap 0.5 ml Pyr 

~ " y " 

0.1 mlufI:;;th 2.9 ml u'ili1flftl'llfl~i'lJ''iI'Ih'l 200-500 nm i'flUVi1fll'l'1Ifl'n:;;MCJf1l1'1't'1lJ'fl 10 fli''1 

1'flfll1lJ1~U'I i'flU'fl111nfl1 % RSD iYlUl1:;;~tl'l!Uln'il 8% 
'" 

l1lf) AOAC Agricultural Materials Task Force [13] Mnl11'U<flH';h % RSD fl1'lflU'1'i1'lil'1.. 
8% 

http:Jfln'\.ll
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v "" <!t
3.4 'nmil:::flljfHl1JflU (% Recovery) 

~ cv~ ~~d1"~cv I 4::\..::s41'JJ1
'jtlfm:::fllmnml'W (%Recovery) IlJU11l1'1 'lI'!'Wtl1'flf111:IJUlJU (Accuracy) 'lJtl~11l1'1 'If U 

fll'j11m1:::M'1'fltniln1';i Spike ffl'j:lJ1f'1 'j!1UI:lJn liiu~ ~1.tliu~1B[h~ntlUll1fll'j ffn'fl f'll:IJ1ti fll 'j 

" ffn'fl Hn:::filu1rum:IJffm~;j~tlhJil.. 

!)J 9J d 4 

C't""dard fl11:IJI'IJ:IJ'lJU 'lJtl~ff1'j:lJ1 f'I'j ~l'U 1'l1\9l:IJ 

'inn AOAC Agricultural Materials Task Force [13] '~tilm!'flH'h % recovery f11'jtl~ 

iU'ltJ..:J 75-.110 % 



I IJ II II 

3.4 fll'rnvUnl'lJ 'YI113Jt11i]Uh'f11tUil-llnJ 

1. fll'i 'YIVl tft)'lJ fl';j Vl~I'YI3Jl:: tf3J1l1fll'i f1flfl::flt)lI hhAlI1 II ~lt)dHlI3Jl'i~63J~3J 

., 
i~HJ~~tlfm tft1~~~i1 

" l~lJ Acetonitrile 1 ml m'l:;;t~lJlh 4 ml 

" ('i,)lJllllJ1"'rti~'HlJ~lilU 5 m!) 

1 


. 1 


;;I. , 

ml~'illfl,:r'\.jiJum1t1~ (Centrifuged) 15,000 rpm d}umn 10 Ulii 

0' ::, ~ ~. f.d .d
Ulm'l"/l:;;ff,)U'IJij~ffl',iGl;;;GllfJ'jj'U'lJWlf~I1JUff')UlfflJ1iJumlfJ~ (Centrifuged) 'YI 15,000 rpm 

.. 
.d W Q/ I d 

10 Ul'YI'Hfl~'illflUUilHHI11Ufl'j:;;~ll1fl'jB~ whatman I1JB'i 2 



3.6 fl111tAtlUlntlUN0fl1111fl11~'titAmWllJOlij'UnU Test-kit 

..."" 'I v _f.:! "" 11fl111 'If'l,fA'YIAO'c)U1111J1 mtullJOllJ'U (Melamine) 

f,fun101m,ruO:0'110:01tl 

1. l1fttlAl1UA (Dropper) 

" . 
3. ihm;u 

• " A 

4. U1Ulfll111fftlU ffllft:;;ftlUI:)f 

5. ffl1lJlfll,!lUllJftlliu 0.1 % (Standard Melamine 0.1 %) 

" . . 
1. l1UAlhf)ftU~lU1U 10 l1UAft~iUl1lJlJii 1 '\ItI~1I1Uf.lfflJff (f)~lJfI1Uf,JlJlJlfll,!lUftU) 

2. 11t1Affl1ft:;;i'lltllJlf11,!lU'lJ~nliu 0.1 % ~lU1U 10 l1VAMiUl1lJlJ~ 2 (f)~lJfl1UfJlJ 
lJlfll,!lU'!J1f) ) 

3. l1VAi1t1th~~lU1U 10 l1VAi'l~iUl1lJlJ~ 3 

" . " 
4. l1VAiiltll'YIAfftlUff11i'l:;i'lltl; ~lU1U 1-211t1Ai'l~1Ul1lJlJii 'YIAfftlU'ti~l1lJA 

5. l1lJlJ~ 1 ,rJUl1'llJfI1UfJlunfll,!lUi'lU lI:taflAffl11atl~ 
6. l1lJlJ~ 2 lrJUl1lJlJfI1Uf,JlJlJlf11,!lUU1f) (tlJi'llliU 0.1 %) lI:aflAfffJl1i'llUUA~ 

7. t;lt1~ff'\ltl~i1tlth~~'YIAfftlU (i1t1th~~ 3) i1'ltflAffl11atl~ UffA~':h':ulillJftlliU (fl1UfJlJ 

lJlfll,!lUftU) i1'liflAfffJl1 mUtlA~ 111 UtlU tiu f)~lJfl1Uf,JlJlJlfll,!lUU1f) i-HflltUU mHlflfftlU111:U 
, YI , • 

lfltll1t1fli':mdHii'YIflfftlU 1 l1VA U~1flllJ~1t1iilf)ftU~lU1U 9 l1t1A ,.wtl1-HIUtllIH 10 .,11 (1:10) 

tJ: do "<v~d 'd.t:l 

Uft111t1AUltll'YIAfftlUffllft:;mVI:)f 1I1U1U 1-2 l1t1fl mV~'f)AfffJl1mUUfl~ UffA~11lJffTHlJftllJU 
" . . 

tlU!UtlUtflA-WtiAi -Hiili1t1dHti~-HtI ~tlD-U~f)111tfll1:;...y t.wtl111t11lJltu iiiA!\"IU ~tl 

11lJlt1t11f,J i1'ltrJui1t1dHtrJUf.l~ i-Hi~i1t1dHtll::lJltu 8 f)llJitiiuUfI!f1t1{ (Beaker) '\IU1A 
'JI • 111 tI 

100 m1 l~lJiilf)ftU 80 ml flU1-HI<V'ltiUtiuiil fi~iM'f1f)fl:;m)U U~1mtl~~1t1m::AUlmtl~ 
" Whatman No.4 111tl~Attlliilti1U ifflJl'YIA fftlU 

. 
"'.. ~ "" .. GV3.7 O'Oft'YII'lf ''Ufll11'fl11~11''c)VO 

1. fil'U~tI (Average, X) 

2. fil!UV~l1JUlJlf11,!lU (Standard deviation, SO) 
, 

3. tllJtll::ff'YInmlutllt1nu (Relative standard deviation, %RSD) 
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3.8 1:::[J:::rJtnfl11n~at)..:J 

1 fl"lfllJ 2553- 30 fll.WltlU 2554 

3.9 tnnu~lhfl11n~at)..:J 
flW::1ntllrrltY~{U"::;Lnfliu1,'6 lJl111nmntltnfl1u 1"Un1flJ-3fl"'n'.i::;Ufl'.i 



. 

cl 

111111 4 

NlUl1'i11VllU)~ 

~lflm~flmn'H1tlijfi;{J1~l'HlJ1::fI'lJl'Um~~hm1:::,.f'H1tlllJ1W'UtHllJfl1jj'U 1~wl'U,:j1'U1.[{J 
til " JI , 

U h)'111i,:j'li'U~6'U fl1nl~fltH66fl1f1'U 4 'Ii'U~6'U ''''11rl 'YI~fI'6'IJ'H1tlijfiltIlfi1'H lJ1::: fl'lJ 'YI~fI'6'IJ 

fl'fll1:::~l'H lJl:::t1'lJ~lfltlijfi;{J1~1n6flH m~'YI~t1'6'IJfl11lJ{!fl~6,:j (Method validation) Hfl:::m~ 
... "'_I'" '" 1 '" I !Ii A "I l' '" "f
11f1~1:::'HlJ~lJlW1lJfl1lJ'U 'U~16{JH'UlJ'W~6lJ~lJNflm~'YI~'HHUt1'~,:j 1"1~,:j'U 

. 
... ~~ 4

4.1 'YI~U18'IJ111lJlIfl1fJ1'Y111Un::il'lJ 
• , • JI 

tI ilfiltIlfi1n6 fl'\lllJl'YI~fl6,:jjj:jf6'h Mannich 1f1'Utiil n;til fi1 fi~;j'U ~::'H 'h ,:jt1'1 ~t1'llJ"Ifii~ 

fl6 mjj'U 6fl~'B~ "Ifii~~'lit1'llJntufi~ltlii'U6fl'''' 1m:: fll~'U"Ifii~~fI'llJ1nufi~ltlii'U6fllMl~{J 
" ln~111'UfI'l~tI~:::fl6'IJ1;,:jcU'6'U?l,:jU 

. . " 
1~'Ufil'H lJ 1::fl'lJ 1~{J1~ff'ty ty1Wfi 1fi~;j'U'U6 ,:jfl'l~tI~:: fl6 'IJ 1'i,:jcU'6'U'U6,:jfl'l '.i Nft~nW en' 

_I~~ ,
4.1.1 lJlIfl'UIl1::111H Melamine (Mel) 2-acetone-naphtone (Ace) Uil:: Formaldehyde (For) 

,\)lflm'.i'YI~fl6,:jm~lnfltlilfi;{J1'.i::'H':lH'.i::'H'jH Mel ti'IJ Ace Ufl:: For 'W'IJ'1lff'tyty1W'U6,:j 
• 'II • 

fl'1'.itl'.i::fl61.Jt;,:jcU'6'U'U6,:jNft~nWen' fi1fi~;jm:m11,:j Mel, For Hfl:: Ace Ufl'fl,:jNfl6Uwi~1'\)'Ufi 

fI11lJ{J11f1g'U 236 'U11'UllJ~~ ~,:j'li{!m'IJfl1'U~lflff'tyty1W'U6,:jllJfl1jj'UHfl:: Ace UA.u'61ff{J'U6~ 

m~ 'YIflfl6 ,:jiffl61~tI; lJ1W'U6,:j Ace Ufl::1i6{lJ1fl~' B~~,:jlf1'UfI'l~~jjfl11lJlf1'UVilll'UtI;lJ1W~ fI',:j
OJ 

1J1fl ~,:j'\)::ri,:jNflA6i1~Vi1fl1~'YI~Cl6,:jl~{J~H ~~jjfl11lJ'WtIl{Jl1J~,\)::'YI~mH1t1~{J'UfI'l~1f1ihii~~'U 
lJ1'YI~U 'YI'UUCI::1~6 ftflfl111Jlfl'UVillfl~ 
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2.000.--------..--------,.--------,----------, 

Complex Mel 3.0 ml 

Complex Mel 2.0 ml 

Complex Mel 1.5 ml 

Complex Mel l.0 ml 

Complex Mel 0.5 ml 

For+Ace 

Mel 

Ace 

o.oooL---==~!!!Boo........;;;;;.;;;;;.---;c: ...- _______.....! 

1.000 

20000 ~.OO 300.00 ... 
fllllltll1tnU! (om) 

_1"';' _I .... OJ 

llJ'tl 6 fft1Jf1~'i:Ullt\\I Ace, Mel, For ~ff:Ufl'lJ Ace 

Uj;l~ff1'it.l'i~flt\'lJlIt\\lff1'i ~iI\9lfiW cvl~t.I~ :IJ1WlI t\\lt:Uj;llii'U1'U t.I~:U1W~1\1 <1') tl'U 

~ ,...1 Q,lQ.lf/ r 'j/'j/ C'lcvJ .. d 
t:u til.. j;l t\\9l fI 'i Tn fI11:U ff:U~ 'U 'Ii 'i ~ 'H11\1f111 :utll:Ull 'U11 t\\I t:u a1:U 'U fI 'lJ f11 fl1'i ~~fI j;l'Ut tff \111 t\\I'Vi 

ff1'it.l'i~flt\'lJf111:ufj11f1~'U 236 nm Uff~\I~\llt.l~ 6 

~'lJ'hntyty1W 11 t\\I ffl'J t.I'i~flt\'lJtfi~ fl1'i 'i 'lJfl1'U 111f1ntyty1WlIt\\I Ace 



4 
'U1I1I4 

J ...1.:1" JJt • t

fll'H311 1 fllf11'itl~fl1:'lU ILff~'IIfHffTilJ'i::m61Jl1fl111l1'111l'llU~1~ ., 

~lflll~nlV1'i::ldl~ Mel, Ace 111:'1:: For 

I 

. 
4 

'l1t:18ftll Mel (ml) (Me) ppm AA=~ 

1 0.0 0.00 0.347 

2 0.5 0.63 0.460 

3 1.0 1.26 0.502 

4 1.5 1.89 0.550 

5 2.0 2.52 0.603 

6 2.5 3.15 0.703 

0.80 

0:.1 
I: 
ft 
.Q.. 
<::I.. 
.Q

< 

0.30 

0.20 

0.10 

0.00 

y =0.1024x + 0.3663 

1"'=0.973 

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 

""' E 
I: 
\0 

:::l 
II «-­Q,I 

0.70 

0.60 

0.50 

0.40 

. 
_14 .. .I 01 QI 0', 'JI " 4 

llJlI 7 flHnfl11lJfflJ'VlU 1i'i::1I11~fl111l1'111l'llU'II6~11lmlJUU1:'l:: 

rilf11'itl~fl~U11ff~~lflllijnl{m:m11~ Mel, Ace 111:'1:: For 
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4.1.2 t1~fl1fJl1:::...rh:l Melamine (Mel) 2-acetone-naphtone (Ace) HCI::: 1-pyrene 

carboxaldehyde (Pyr) 

" I "''''''' I.... '" ,1 1iJ ill"'" .k ~ 
'illflm'j't1~ff6UlJ{)fl'HJ1'j~'YY11~ Mel flU Ace ml~ Pyr lfl~'\I\.I I~~ C)f~'il~m\.lm'j 

ltlgfl\.lu11a~'\I6,un11flfli'lJ~ A=236 run '~lcM\.Il~fl1ti'UyJ6{i1a~'I!JPl U~ I-pyrenecarboxaldehyde 

'1iijfl11lJd~l\.IftlJ 6fh~hftflllJ I-pyrene carboxaldehyde ffllJUn 1~\.I fftytylW1\.1cM1-.1 UV 'illfl 
. " 

ffltlflfli'lJ 'Vm1UYtytylWihfi~~\.I '1i'~'jUfl1\.1ti'm1tytylW '\I6-.1ffUtl'j~fl61J1~-.1~6\.1'\1tHNafi 

.tiWct1U~fftytylW'\I6~ 2-acetone-naphtone ~ 250 run ijfl11lJ1fl~lflfl~ti'UfftyqJ1W'\Il:NffU 

lh~fl6U t~~~a\.l'\l6~Nafl.tiWct1 lJlmY~Na1,", '1iffllJ1HI~\.IiJ\.I '~11ffl'jlh~fl6U t;f~~6\.1 
"" .

'\I6~Nafl.tiWct1,r\.llfi~~\.I'il~~ "l 'YY~mn~lij6~lJl'illflal'illfi~m'j'jufl1\.11~mn~ 1t-1t interaction 

'\Ia~ aromatic ring 1\.1 2-acetone-naphtone m'l~ I-pyrene carboxaldehyde ~~'~iilm'j 

111gfl\.l']fUfl'\l6~fllf1\.1'illfl 2-acetone-naphtone t1j\.lfllf1\.1'l1'ufl~\.I 

1.000 Amax=236 run 

j 

Complex Mel 3.0 ml 

Complex Mel 2.0 ml 

Complex Mel 1.5 ml 

Complex Mel 1.0 ml 

Complex Mel 0.5 ml 

Complex Mel 0.0 ml 

Pyr 

Mel 

Ace 

o.ooot:::::~~==liiiiiil!!!=!!!!!S~==========="J 
200.00 2!iO.00 300.00 350.00 

..A 
fllUJlll1flClU (nm) 

ltl~ 8 fft11flfli'lJ'\I6~ Ace, Mel, Pyr ua~ffl'j\J'j~fl6U'illflNafl.tiWct1 
~\J~lJ1W'\l6~llJalij\.l~h~ "l ti\.l 



FUlfIl1'nft1;U)-3 

... I 

Af..,.2~Mel (ml) (Me)'tU'I8V1n 

1 
 0.00 0.2160.0 

0.2502 
 0.5 0.63 

3 
 1.26 0.3161.0 

4 
 0.370 \1.5 1.89 

2.52 0.4425 
 2.0 

r 3.0 3.78 0.4756 
 I
I 

0.80 

0.70 

e 0.60= 
Ie 

~ 0.50 
~ 
'-' 0.40<II 

c:.> = 
'" 0.30.c 
6 
III .c 0.20« 

0.10 

0.00 

y= 0.0908x + 0.2044 

r=0.9882 

0.00 	 0.50 1.00 1.50 2.00 2.50 3.00 

flllSll-G'SI-G'WUlH Mel (ppm) 

. 
... 14 ...1 QJ QI ~. " " 4::\ I .4 ... I~~,un 9 m1nA1111 ffll'YIU1i ':i ::1111'1A11111'U lI'UU'Utl '1111f1111UllfI::A' fI1 ':i~9\flfl\Hlff '1~' flut) mu, 

':i::11':i,'1 Mel, Ace UfI:: Pyr 
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4.1.3. Uiifl1m1~'tr;h~ Melamine (Mel) 4-bydroxyacetopbenone (Hap) m':i: I-pyrene 

carboxaJdebyde (Pyr) 

'l15mfJ1~:i:'I1';h~tlJ111ij'Un1J I-pyrene carboxaldehyde Ul1~ 4-hydroxyacetophenone 

Q J 1I}~"'..9 d .1".1 .1 "' .. '\ .1"" <V 

tfWl~'U l~~9f~'iJ~m'UfI1'HlJl1tJ'UUlJl1~~O~ffLlJfllPl~lJ1'I 1\.=236 run 'iJlflfftlJfllPl~lJ'V'l1J11fffYfY1W~O~ 

.1 "" .~ "" <V " .. '" J 11] , '" 
ffl~lJ~::;flOU'l1~"lJO'U~O~r-HllPlf1ruOVI 1'Itfl~~'U ~lJ\lm1Jfl1'U'iJlflfffYfYlru~O~ 4-hydroxyaceto 

phenone Utl::; I-pyrene carboxaldehyde trJ'UfI1~~'UiJ'U11tii~ffl':i'l1~~flO1J'iJlflrli1lPli)ru~ .. 
~~'I111~ffl~il~ffllJ$10ii1J1tJ'~'iJlfl'l15mfJ1~t)~ mannich ~~t11t)fl 'l16mfJ1 ~~flril1 trJ'U fff111::; 

~~~q~''Ufl1HllPll1t)~ 
4.000,-------,--------,-------,-------, 

Complex Mel 2.0 ml 

Complex Mel 1.5 ml 

Complex Mel l.0 ml 

Complex Mel 0.5 ml 

Complex Mel 0.25 ml 

Complex Mel 0.1 ml 

Complex Mel 0.0 ml 

Pyr 

Mel 

Hap
Amax=236run 

300.00 

. 
• 1"" .1 <IJ .1 "" 'ill "" .., " 3Ufl10 ffUJflIPl~lJ~t)~ Hap, Mel, Pyr Ul1::; ffl~lJ~::;flt)1Jt'l1~9ft)'U~t)~rltllPlf1ruCVl 

~tlJtllij'U ''U'l1~lJlru~l~ '1 f1'U 
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, , 
... • ....- ... AI It!ll

4.2 'JI~iXf)'lJiX.fln~'rn'ttlll~iXlI'\lln1Jflft'nn'JIU'lf)n n 

'illflmlffmn'Vl'lJ':h11~;tll1:::'tt'h.:) Melamine fl'lJ 4-hydroxyacetophenone Ufl~ I-pyrene 

carboxaldehyde tn'U11~n;fJl~m1Jl~fI'1J~qfli'Uml11flll~r.f'tt111;1J1W'tItNl1Jfll1i'U 'illflfl',l1fl~i'1J 
.,; .. !II d .,g .., .,;... ;J , , • I"''''''''''' 

i'U ,11 'YI 12 'il~Ufl'~~ !l1m'UfI~fI'tytlJ1W'YImfl'tl'U f1t1'il~'Vl'lJ111Jtlmtll't1ij~ Melamine fl1J 

~ "" r ~ j/ 4 OJ tid 
4-hydroxyacetophenone Ufl~ 1-pyrene carboxaldehyde m~fI'lj1Jj~flij1J l'lW)j'ij'U'tIij~NfI~flWev1Y1 

'tiiimjl1Jfl1'U'i)lflfftytylW'tlij~fI'lj~'U"l 1Jlfl~qfllmtl1Jt'ntl1Jfl'lJ11~n;tll't1ij~ Melamine fl1J 2­

~ '" • I "" !II .,. '" " acetone-naphtone Ufl~ Formaldehyde Clf~fI'tytylW'tlij~fI'111Jj~flij'l.H'iW)j'ij'U'tIij~NfI~flWev1 

" \lm1Jfl1'U'i)lflfftytylW'tIij~ 2-acetone-naphtone In'Uijcil~1Jlfl 'Utlfl'illflU Formaldehyde 

QJ sit ..::i dl!!t ::'t;Q, I ~ 'j) 'jJ 0 dl 111 jJ AQJ 

tI~llJ 'Ufl'11'fl1JYl1J ft111JllJ'U 'Vl1:l~tl fI'~ it1f1f1tl1J11fI~~mmlY1f1f1tl ~ 'i)~! ~'Vl tllt111J'YI~fI'tl 'lJ fl'lJfI'n tl 'U 

1~url I-pyrene carboxaldehyde ch'U11~n;tI11~l1'h~ Melamine fl'lJ 2-acetone-naphtone Ufl~ 1­

QJ ..... ~ 91 ;Q, Q.I " 

pyrene carboxaldehyde fl'tytylW'tltl':)fI'WJJj~fltlm'l1~Clfij'U'tIij~NfI~flWev1 \lm1Jfl1'U'illfl 

'" !'it' .0!1 ill !II '" fl'tyty lW 'tItl ~ 2-acetone-naphtone m'UijfJ1~1Jl fl'i)~ !~'VlfJ1t111JfI~fI'tytylWmn1J fl1'U'tIij~ 2-acetone­

, .,.,; .1 .,;'" '!';1 "'" !'it "" "Inaphtone f1t1ml11JfltI'UfI'lj1Jl~flijlJ'YI1J11l,!11~fl'l1'Ul1J'Ufl ~'Ufl'fl 4-hydroxyacetophenone 

UYI'U'Vl'lJ,.htn'U11an;tll~ll11Jl~fI'1J~q~,dtl~'i)lflfftytylW'tItl~fI'lj11j~flij1Jl;f~ctttl'U'tIij~Nii~fiWev11 

ti\lmlJfl1'U'i)lflfl'n11l~flij1J~'U "l 
" "" \l~')hmjYl~fI'tl'lJ 'f1fJfilmj'YI~flij~il 3 fli'nl~fIltli'U1'Ul~tl1fl'U Ufl~ 9lWl'U 'Vl1J11t11 

fl111JoM'U~'tltiiifl111JU~fl911~fl'Utldl~iil1m'lrity'f1fJfilmlY1f1f1'tl1J~1t1 t-test : Two-Sample 

Assuming Equal Variance t Stat=-O.50 Ufl~ t Critical two-tail=2.78 ~1~rt1Jfl111Jl~ij~'U 95 % 

Mel+ Ace+ For 

2!iO.OO 250.00 

, . " 
lu;i 12 fIl'VlUfl'f1~fl111JU~fl911~fl'U'tIij~fI'll1fl~i'1Jl~1111~l1afi;fJl'nfffl':tnl1~ 311~o;tI1 

'i)lflfftyilllW~'~'f1t1mltmfJ'lJlntl'lJ~fl111Jtll1fl~'U 236 om 'VllJ';hi'Umw'tlij~l1an;fJn~l1';h~ 
Mel+Ace+For i,rfftytylW'tltl~fI'lj11j~fltl1Jl;f~ctttl'U~ojffl''i)'UU91~1i1J1~ff1'U~iiffilltylW'tI·tN Ace 

1'lJfl1'U ff1'U1'Umw'tlij~l1aO;tll1~1111~ Mel+Ace+Pyr 'Vl'lJ":hiifftytylW'tItl~ Ace 
. " 

1'lJfl1'U 'il~ , :UfI'l1Jn flV'U fl'U1~'hfftyill1WnAnf1;i'U1 n'U ffty tylW 'tItl~ fl'lj11 j~ flij'lJ 1 ;r~cttij'U 'tIij.:lNii~fi 

Wer1'il;~ i'UmW'tlrN Mel+Hap+Pyr 1'I1J11fftytylW'tItl~fI'lj11j~flijm'Jf.:lctttl'U itilnflmn1Jfl1'U 

'illflfftytylW'tlij.:l Hap l1;tl Pyr \l~lt1tlfl11an;tllrt~ mh11n'UfI'fI11~1J1~1!1'U 1'Umj11fljl~,,( 

'J;n11;1J1Wl1JfIlii'U 

http:two-tail=2.78
http:Stat=-O.50


. 

unn 4 

4.3 m,nfltyClUfnl:t.1gnP1C1-3 (Method validation) . 

Vilm':i'YI~t'H)Ufl111J\!fl~6.:Ji ~un';1.:Jfl11lurlUltVUt;I':i ~~6.:Jm l'W1Jlt;1 ':i!lU ;j~~ lii~~ lq'~ 

~6~flU11fl':il::H (LOD) ;j~~lii~~UI~~6~fm11fl':il:l:Hl~~U~1JltU (LOQ) f111lJl~tI~ (Precision) 

!6t1f;l:l:fl1':im\UflU (% Recovery) Nf;lfl1':i'YI~f;l6~lrlufi~utHH 

4.3.1 ';1-3fnl:t.1tihmr,"\lI"H'UCI~n'1-n:t.llf"91," 

1l1flfl1':i,juiimnUflt;li'1J~6~ffl ':iU':i:l: fl6Ul;r~~6U~fHN~t;lftWen~M1l1flU an~tI1~lii6 fl 

d 1 ,\Ii jid ,.,,., d q,.o:: t , !=It" ..... 
!1'Y1f1111J1'UlJ~'U~6~llJf;lllJ'U'YIUt;lflt;lHfl'Ut;I~Ut;l 0.1-4.0 ppm l'IU11'111~f1111Jl'U'Utff'Ut;I':i .:J'UtHm In 

lJlt;l':i!1'U6Q''U';1~ 0.1-2.5 ppm l~tI~fh / nhtiu 0.9987 

0.80 

0.70 


'5 0.60
c: 
\CO 

~ 0.50 

~ 
'-' 0.40 

Q,O 
u 
c: = 0.30
of..C) 

0.20 
~ 

0.10 

0.00 

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 

_I.cl ... .1 Q,I.. cI I ,., !JI ~ d 9J".lun 13 m ll"lfl11lJff1Jl'I\ni':i:::'H1Hfl111J!'U1J~'U~6~llJf;ll1J'U'YIfl11lJl~lJ'UUt;lH Il"J 

, ... 
Uf;l:;f11flUt1~flf;l'UU ff~ 
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0.80 

--e 
0.70 

= 0.60 
\I) 
I"'l 

N 0.50 

~ 
'-" 
q,j 0.40.. = 

.Ci 0.30'" 
co 


.Ci'" 0.20 

"" 
-< 0.093 Ix + 0.0825 

0.10 
r2=O.9987 

0.00 

y 

0.00 0.50 1.00 1.50 2.00 2.50 3.00 

fl11111.u1l.uWUt:l-3 Mel (ppm) 

. 
At 0 Q.f 0 Q J 

4.3.2 'UA91flAfllqA'U0-3flTillfl'S1:'H (LOD) (ppm) 
tI • 

~1'Uiitlu~A~lnAiiltlA'lJe~fll'.iilfln~MrmJl'.it1"'.i1ml1'~~1t1fll'nh Reagent blank lJ1 
tI • • 

1AtYtytylW~1'U1'U 7 tjfl 111fhlijtl~l1J'UlJ1"'.i!1'U (SD) fll'U1Wfh LOD 'illmhmntl'lJ'eH reagent 

blank + 3SD 1l~::fl1'U1Wfh LOQ 'il1nthIU~tI'lJe~ reagent blank +I OSD r·mfll'.i't'lA~e~I.rJ'U~~ 

11tlA~ 

fl1'SH~ 4 IlffA~fh~A~lnA~ltlA'lJe~fmilfl'.il::M lm::~A~lnA~ltlA'lJe~fll'.iilfl'.i1::MI:V~lIllJlW 

LOD(ppm) 0.08 

LOQ (ppm) 0.14 

.... 
4.3.3 f111UfltFI (Precision) (%RSD) 

fl11lJl~ tI~'lJ e ~i1i ~'l;;'l 'U fll'.i ilfl'.i 1~M\] fl't'lAffe'U 1 Atlfll'.i 1Amllfl"i'lJ'lJ 'eNffl'.i Nil"nwcn'~ 
" tI

f111lJl.jj'lJ.jj''Ul;;lJtjfll1~1t1 "l fli'~ lAtI'thfll'.iihll" stock solution 'lJe~ MellJ1 1.5 ml Hap 0.5 ml Pyr 
1/ »I tI II 

0.1 mll1~::i.h 2.9 ml iJ'Uiinfflllfl"i'lJ'lmb~ 200-500 run 1~tlVilfmilfl'.il::Mtjf1l1~l1lJA 10 f1i'~ 
.. .d 1 ' 1 'JI 111'<'> 1 • A
1Af11llJIVW~ ~W~'iI1nfll % RSD AtI'il:::"e~ IlJlfl'U 8% ~tI'illflfll'.il1~~e~vt'U11IlJ0l1~~e~ 

~ rI't: 'Q.I.94 ,. rI q,. .d
1Ifl'.il:::11~1 10 flH % RSD 111lfl'U 4.97 ~~mmv~'l'UlflWlljnJl"'.i!l'U~~"l'.iHl1 5 



1.000 

0.000 L-__________----=~____ 
200.00 300.00 .... 

fl1UJEll1flD'U (nm) 

• JI 

ltHi 15 fflUfl91;:tJ"tHfl1'j~~nii'U'uo·un:ith:n01Jl;\I~f)'U"O\lNil9uiw'li'~ltl1tl 10 fI;\I 
• JI 

Al1Hn 5 Uff~\ltilm'j~~t1iitl"t)\lfflnh:no1J"f)\lNil91ftw'li' 10 fI;\I... 
.. .'"....fl1\1n AA.=Z36 

1 0206 

2 0.220 

3 0.205 

4 0.219 
I 

5 0231 

6 0.231 

7 0231 

8 0.221 

9 0208 

10 0207 .. 
IQDfJ 0.22 

SD 0.01 

%RSD 4.97 
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" .... ...4.3.4 18t1t'!:::fl1'mt'!Ufl'U (% Recovery) 

jI Q,.o • ~ ~~<1"4 QI ,Q.:Id<1"<iI Q <I 
'H1U~::flTHUlUfI'U (% Recovery) 1'IJ'U11i'YI t"lfll1ij1~fI11lJmJ'U'lJtH11i'YI t"lf t'Ufll':i11fln::11 

1~Ul11fll':i Spike ffl':i 1l1A':i !l'UllJCI1n'U~\I'tll'U~1ijdHria'U l11 fllHYn~AllJ1ii fll':iffn~ lin: 

fil'U1W~llJtl~':i~\l9iij'tin 
\TA1nl1111 % Recovery = (C,p'ko-C..mpl)*100/C""od.rcl 

'" 91 91 '" Ii.i,911~tI'YI CspikO fI11lJl'IJlJ'IJ'U'lJij\lffl'J'YIff'U !'i)C)f\l ~'i)lf1fll':i'YI~ffm.J spiked sample 

J! 91 '" 'I i ., I "" 91C.amPlo = fl11lJl'1.llJ'IJ'U'lJij\lffU'YIff'U t'i) 'U~1ijtll\1'Y1 ~'i)lf1fll':i'YI~ffaU 

" IjI d QC.1......rd = f111lJl'IJlJ'IJ'U'lJij\lffl':i1l1A':i!1'U'YI1~lJ 
., 

11 lflfll':i 'YI~llij\l '~l11fll':iflfl'l:l1111!ijtln:f1U m;'lJti'U'lJij\l~1ijdl\1'ti'l 3 ~1mjHHll fll':i 

'YI~~ij\lI{l'UUff~\li'U~l':iH~ 6 

l.00 
0.90 
0.80 
0.70 
0.60 
0.50 
0.40 
0.30 
0.28
0.1 

-3.00 -2.00 -l.00 0.00 1.00 2.00 3.00 

, 
_I'" -.I .. " .. 91 .. ." 1

llJ'YI 16 f1nn1l1f1fllnlfl':i1::11l1JCI1lJ'U~1m'YIfl'Ufl Standard addition 'lJij\l~1ijtlH A ~u 

. .. 
fll'J spike ffUlJ1A':i!1'UllJCI1lJ'U 1 ppm 

y = 0.1397x + 0.3911.00 
0.90 r2 =0.99988·80 

.70 
0.60 
0.50 
0.40 
0.30 
0.20 
0.10 

-3.00 -2.00 -1.00 0.00 1.00 2.00 3.00 

ltl~ 17 flnvhllflfln11fln::,.yllJ~ln'U~1m'YIfliifl Standard addition 'lJij\l~TeJdl\1 B l~tI 
fll':i spike ffl':i1l1~':i!l'UUJ~ln'U 0.9 ppm 



-3.00 -2.00 -l.00 0.00 1.00 2.00 3.00 

,
_I" ....1 t/ &::t JI Q.t' iq 4

llJlI 18 flnn~lfltn'l11fln~'tYl:Ul;n:IJU'fl1mVlfllUl Standard addition 'IHNW1tH.lH C 'flO 

tn'l spike ffl'l:Ul~'l!lUI:JJfl1nU 0.9 ppm 

, 
9111Hli 6 fh!tH.lm:nnm;uflu 

.... I 

fI1tlaH 
I V .... '" fl118t1ft:fl11flilUflU 

A 
-­

76.67±2.52 

B 91.1J±7.78 

C 78.52±5.48 

http:IHNW1tH.lH
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.=t ~ v ,
4.4 ml11Ril0U't'lll1Jf.111J'U l'Uft10rn.:a'U1J 

lrtO'~m'J'fI~H'O~U'fl:tJiimfJl~nn.n:u:lJulf1 ;~'ri1m'J11fl'n:t1m:IJ1W'tlO~!:IJ'fI11h.J 

''\.Ji10~h-!l'\.J:lJVt~O:IJ~:IJ 3 'f'W'IF-4'f1m'J'fIR'fIO~lrJ'\.Jiil-!lUU~H 

4.4.1 flll11Ril0UnlR~I't'I1Jl::iI1J''Umlftnft:n0'Ul'lhfi'U''Uft10rh:t'U1J .. ., 
mR'ihl1:1J1'f1R'fIO-!llvtO l.n'\.Jm'JRflR:flO'\.J 1tJ1~'\.J1jl1-!111:IJR 5 'IfURflO H2S04, HCl, 

CH}COOH, 10% TFA, 10% TCA R1:IJli1iilu~-!I'il1f1m'J'fIR'fIO-!lVtU11 10% TCA tn'\.JmR~U1:1J1'JfI 
1_1 '" , 90IcS d.lz "" 'JI .1.0 '" I .... 'I 'JI

RfWI:flfJ'\.J lJ'JR'\.J RR'fI"l'R'lf~U1:IJ11f1U-!llfIR R'il1f11lJ'fI 16 'iI:m'\.J11t:IJO ~'If 10% TCA 

R flfIR:flO'\.J 1111~'\.Ju1:1J11f1RflR::flo'\.J1 tJ1 ~'\.J1ri'.J-!l11:IJR tm:1ri'U11 'fI:'fI1fJff1'\.JU'\.J~'U:IJ1f1~"l'R 
URfllfo~nUN'fIm11,rfJ'tlO-!l [6] 

~ ft! _r.! 4 ~ U ,: II ~ 
4.4.2 m111f111::'t'I't'Ilul1J1W11Jf.111J'UI'Uftltlt1H'U1'U1JRlrJlllfI'Uft Standard addition 

Standard addition In'\.Jt'fIflUfI~'.n'\.Jm11tfl11:t1'f11-!1m:lJ1WlRfJ1jm1t~hJU11:lJ1R1!1'\.J 

'IfuRtilfJ1n'\.JnUff11~~tHm11Lfll1::lf'fl~1tJl'\.Ji10dl~''\.Jm:lJ1W~'fI111JU'!J'\.JO'\.J Ulf1;~fl1'\.J1W 
_~ d j) Q o'da ''1 Qi , ~ 'jI 'jI IV d .J..J ,
lJ'J:lJ1W Ull'flR 0 ~fIl11tfl11:11 'fI:IJ OfJ L'\.J R10fJl~tl:IJR'\.J 'il1f1f111:IJt'tl:IJ'tl O~ fffllfll1W 'fItVt:IJ'tl'\.J OfJ1~... .. .. 
ff:IJ";'\.J i'nu m :lJ1W'tl O~Ul1 :IJ1R'J !1'\.J ~lii:IJ 'fI~1tJ ~~ trl'\.J l'flflUfi ~m:lJ1:l:u:lJnu fIl111f1 1 l:l:lf111 

m:IJ1Wt:IJ'fI1ii'\.J''\.Ji10d1~'\.J:lJVt~O:IJ~:lJtdO~'iI1f1i10d1~1jff1'\.JtJl:l:flO'U11;Ot:IJ'fIlflCJf~ciu~o'\.J'ri1 
hrhjYlnu'lfUR~U'!J'\.JO'\.J 

, 'JI", I 2'.... '" '" 'I .lz AI 

'illf1ml'flR'fIO~ 'IfR10fJl~'U:lJVtlO:IJR:IJ (11fJ'fI:l:!OfJR'tlO~R10fJl~UUR~ t'\.JfI1f1N'\.J1f1) 'lf~'lfO 

'JI A .. '" '" "" ~ <V .0
:lJl'i11ml'\.JU:l:R1f1GJfO L'\.JM111Rfll~1'flVt:IJ111'\.JfI'J 3 'If'\.JR N'fIml'flR'fIO~m'\.JR~R111~'fI 7 



... 

U""4 

..., , 
fl18t1H 

..., .,. 
1~ft1J"tMllIQlll'U (ppm) 

A · o I 

fllfl11 LOD 

· B ~hfl'hLOD 

· C ~hfl'hLOD 

'illflfll'i1'1~UUFrrflJ,hi1tlth~'U 1Il't~tlll~lI"f-!J 3 '}fUfI 1~ijflWtl'U.n tl'U'U tl~ll1tnih!l{l tlij 

i 'U'i:;i1J~,rtlVlI1mil tlJlfl11;'jfl~hflflJTNfI'Utl-!Jfll'i11'1'i l:;li' (LOD) 
~ 

_f.!!'" ... '_P- .,. ...,
4.4.3 fll1llJ1t11JI'ntl1JfU"fl111Ift11:'t'ilJ1111QUlIQll1'Ufl1J Test-kit 
•• 'JI 

.1jtJl11fll'i1'1tlfftl1Ji1tlth-!Jii1tf'illflfll'iffflfl~1V Test-kit l't1Yhi1tlrh~";-!J 3 ~1mh~1~ii 

fll'itJ'Uln tl'U 'Utl~.lIi'11ij'U fftlfl'1atl-!Jfl1J ffi'lfll'i1'1f1i'1tl~fll'i 1'1f1fftl1J~1vtJijmVl~1~'illfl fll'i 1.ijV11,1 
<JJ ttl ", • , 

'1i'-!JU 'Htt-!J 'illflU1,1i'ltl~1'1f1 fftl1Jm1l1Wlmnij'U1flV1,*.rJ'Ui1mh~'U1Il't~tl:IJt)lI~~'illflffi'lfll'i1'1f1 i'ltl~ 

~l't1J'hi1tlth~"f~ 3 ~1tldl~1~iifll'itJ'Uln tl'U'Utl~.:lJmij'Ul,f'U.~V1fl'U 

Sample 

. .
_141 QI' a-. f,J "<V

llJ'n 17 ffi'lfll'i1'1f1fftl1Jfl1tlVl~'U:lJ1'1 ~fI'illflfl1'iffflflfl1V Test-kit 
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..i .... "_ t= ... 1 '" I 'JI" 't 1'JI
ftl1H'I18 ffftfl1'i1tfl'il~'H1J'i1J1W!1Jm1JU U~1flfJl~U1J'W'ifl1JPl1J !PlfJ 'li'Test-kit 

.., , 
ft1tJrJH .., '" 1Zft'U'ItJ~A2JDl2J'U (ppm) 
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B ,aj'W'IJ 

C 
~-

,aj'W'U 
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unn'" 5 


illt1Nflm,,,\JIflM eiltl"ntiNfl ufl~.fIeAiI'UeU'U~ 


Q' ~ ?I
"UlJiJiJ"lf" 1~lt11.;J Melamine f1'lJ 4-hydroxyacetophenone U€l~ I-pyrene carboxaldehyde t1JiJ 

u~mtJl~A'HlJl~fflJ~q'ftliJflll1Am l~,.fltTuhnw'UtHAlJ€llniJ 1ft~tl€l ltlflll tnftuQm ~lt~iJi~ 

Hffft.;JliJ2U~ 22 

o H+ 

Melamine Iminium intennediate 
I-PyrenecarlJOxaldehyde 

~l HoN 
4-Hydroxyacetophenone 

HO Melamine complex 

3t1~ 22 tl'~itlflllAnftU~m~ll~wh.;J Melamine o'U 4-hydroxyacetophenone U€l~ I-pyrene 

£'1 .1"'-= d d 'I '" ...F- "" 
carboxaldehyde t1JiJ1J{Jtl1t1l'YltltlJl~mJ'YIq'ft 'iJflll1tfll1~ltltl1JllJlW'UtI.;JAlJ€lllJiJ 

SI ,7J 'I 
1fttlu~mtJl'UtI~ff11..r.;J 3 "lfU ft~A~tltllJl'n 'V11J11A'HlJlt fflJ~ q'ftAiltl~1I1tlhffff.lJf.lJ1W'UtI~ . . " 

ffl1UlttltlU'UtI~~i1~fiwcvl~iftA1IiJ U€lt lli\ltl1Utl1iJ 1Iltlfff.lJf.lJ1W'UtI.;Jffl1ViJ '1 i1tl..r~ei~ llit1'liJ 

VilJO'U ~.;JH1fta'tllJ At t'l~~Yhfl111tmlt,1 A'YIfliJfI~1111J11,*~11111fttltlrYlflUflfftUfl1~hn~tlJ'YI1 

1fttll'llflll1ftfl1flll~fttl~iJUff.;J'UtI~ffl1Ul~tltlU'UtI.;J~i1~fiwcvl~f111lJtJl1f1~iJ 236 nm UU11A~iJ 

t'VIflUfI~~lt1 ffllJlltl1tml~m1~iJ..rtl.;JU~ulIflll.J1iu 
.c:r. <I ... r= .d " QI' 'j) Jt f Q.I' 'j) ~ ! 

1Iltlflll1tml~ltltl1Jl1J1WUJt'lllJiJ 'iJ~1t1m.;JiJlJ'Wlt1lJftlJ'WU11~1t1t11.;JiJlJ'Wlt1lJftlJ'VI.;J 3 

" "lfUft llinflllUiJtiJtliJ 'UtI~tlJt'llniJ 
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5.2 aihJ'lUJND 

01'I";~'U111i111lidl11i''lJfll'I1Iml~M12Jmij'U'lh~tY'lJtnllldll~;J 

" ''\' A 0 QI ~ ~ ~4J. .A 4 0' 
ItY'UA'IiWg 1'U'!I'H 0.1-2.5 ppm 'tlft'illnftAltlft'tltl-.301'I11f1'Il~11fH) 0.08 ppm Illtll1ftCltl-.31Ifln:::11 

.oi Of ., 

11l'1l;1JlWllJ Cllij'U 1'U~1tlfil-.3ff'IJ'h~1tldl-.3'Ullffftlllftlli-.3 3 '!IUft 'liff'IJ 'h'1l'UIUtl'U11;tlij'1l;1JlW 

'tltl-.3llJCllij'U1m~rl'IJ~~l Wh:Uft~l nft~11lft'tltl-.3fll'I1Iml~M IOtll1ftCltl-.3 spike tYl'IlllA'I!l'Ulllm 

.. '_1'1'" " ., '" • ~ .. 'I. "I ". ''I .oi..ll'UCI-.3 1J 1'UA1tlm-.3ff'IJ11111fll'ItJem:::fll'InCl'IJfl'Utlg 1'U'1I1-.3 76-91% '!I-.3NClfll'I1lfl'Il~mllCllll'U 1'U 
., Of .oi 

~1tlfiH'Ulli-.3 3 '!IUfti1tYtlftfln'tl-.3il'IJfll'I1Ifl'I1~Mlftfl1~ Test-kit "lI'-.3~1111.hfllftfl'IJ1Nl1 'SlfJtl{ 

~ J::S QI , • ,.. t 'IJ q QI Q.I 1)1 t .:! 0 <t " 
1. 11i nTHA 'I tJllA1tlflHfltl'U'tll-.3q-.3f1ln'il~Atl-.31101'ItYnftA1tltJHft1tJmftntl'U "lI'-.3l1l111 

liffll1C1l1'U 01'I1lfl'I l::M \1-.3fl1'I ij~'UAtl'U1'Ufl11 Clftn fl111Al flll~l1tldl-.3fitl, '11 
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Ace 2-acetone-napbtone 

Hap 4-bydroxyacetopbenone 

Mel Melamine 

Pyr I-pyrene carboxaldebyde 

ppm part per million 

ml mililiter 

LOD limit of detection 

LOQ limit ofquatitation 
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