
.::1 
1J\'l\'l 8 

n1~L,rftu.JnL@l~lviL@la:iL@l£1fl\4>n1~~LA~1~~£11Vi1~ 

(Spectrophotometer for Food Analysis) 

Spectroscopy ~El n1-s~m~nn1-sLn~ interaction -s::'VI''h'I1~~'U.LL1lL 'VI~nhl.Yhnu 

Spectrophotometry ~El m-s1Lm1::,{m,-~~n~'U.LLG('I1"IJEJ'I1&(11"~ila-1~u'tiL~~rl'11iiCJ 
'II 

spectrophotometer LL~ L~ll dj'U.n1-si'~tl'i111 m~111JL -ll11'1i'U."ll CJ'I1&{11"fl::t:n u~ili ~ rl111V'l1Ji1 

ilm-s~~n~'U.LLG('I1 't Wli1'11~111lti11~~'U.~1'11 ')L"li'U. Infrared, Ultraviolet LLa:: visible (LU'U. 
'II 

L 'Yl~il~~'U.i1'U. ~'t ii L~71::,{ &(11"~'1.1. 'Yl16 LrlmLG('I1~1'U.G(11"~1 rl r.h'I1111Lana 't 'U.G(17';l::nnn-s::~'U. 
.. ~ 'II ~ 

.. 'il" -~ ..I .. ..I .. ... :'1 .... .... 
LLa::~~n Gl'U.LLG('I1 L1 u-s111 ni.LLG('I1'Yl~n~~nfl'U. 'Yl~111l tl11~a'U. 'V\'1.1.'11 ')Lu'U.am~m::Lu vn::~1"ll El'l1 

G(11"~1Elr.i1'11) LLGl:: LiL 'Yl~il~ L 'U.n11"1~tJ'i3J1nL~112JL"JJ2J'li'U."lltl'11LLG('I1 ~'11L1tJm 'Yl~il~d'i1 
• A ..., .t. 

spectrophotometry G(11J11"tlLL1J'I1~111~111lti11~Gl'U.~'I1'1.1.~rl 

1. Infrared spectrometry 1~n1-s~~n~'U.LLG('11L'I.I."li1'11~~'U.1"::'VIi1'11 1 - 15 J..Lm 

2. Ultraviolet spectrometry 1~m-s~~n~'U.LLG('11L'U."li1'11~~'U.1"::VIi1'11 200-380 nm 
'II 

3. Visible spectrometry 1~n1-s~~n~'U.LLG('I1L'U."li1'11~~'U.1"::'VIi1'11 380-780 nm 
'II 

~"111h::nEJu~1u"li1"11~~'U.LL~u 'J"llEl'l1 "L1.J~~111 ii~ru."11u'1iLtl'U.~~'U.LL2.lL 'VI an l~rh LL~ 
~ 

I .. -- A • \1 1&1 
a::'1J1\I~ Gl'U.';l::2Ja'Lu V'l1::'U\1~12JD\I L 'VI'U. L~ 
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- Microwave 

1o" 
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' ' 
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' 
/ 

Visible Yl!ti!OW 

~', GrPen 

-,, Bl,.u~ 

I ,0. !==::=====t 
Ultrawiolet 

' '" V10let 

10" 
Ultra..,iolet 

X. ray 

to-z f-----1 

t- Garmna ray 

Electromagnetic Radiation 

nTwrf 8.2 fi~ULL1iL~~ntwrh~1\l ') 
~ll1 : Larry G. Hargis, (1988) 
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500 
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Diagram of Spectrophotometers 

Radiation Monochromator 

Source 

Readout 

Sample Cell 
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Amplifier 

~'-ijf-ua-t-or--·-~EJI-C-e-114----f1"~ ~~;~ 
A Single beam operation 

I Chopper Reference Chopper 

0--··--------'""-·-~. ,..----+..-. t----77~~~ 
I l I '------' 

' I 
B : I 

Min~--T~'i----~ino• 
Double beam operation 

..a I • I I n1ftfl 8.4 ~1l.Lu'l::nau~1~ ~"llfl~ Double Beam Spectrophotometer 

Io 
-~ 

c 
I 

A 
100% 50% 

100% 1 .... _C_a...~_5_:_0/o__.l._2_5-0/c~o .,._ B 
t--b 

c c c c 
l-----4-- c 

100% 50% 25% 12.5% 6.25% 
t-- b • I• b •I• b I• b--f 

'VI~nn11"~"1~t1J~tl~,.c;i1t~ci1~~~e:~~n111L~rn::~~::~e:~~ii~'VI1m11u~n1tnnu~,­
~"LLi'ni11~Ln~~1",h~m,.-r~ visible LL~ti'11~1wrl1~ uv ~1i1m.h~t3.i5j~ ~11i1mh-:~~ 
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.. .., I .... .. .., .., ., .., .. ..,, AI 

3.2 tn!Eh1Wl'l~1Eltn..'I~El..'l~fl11~L"ll~"ll\.U..I1nYHl'YI';l::1~nTl~~mn.UL1'f..'l LL~11';1::~ 
" tfi~1mL~ml'm1 

.... ..1 0 fl "A .....~ ..... .., .I" a .. "' fl" 
3.4 U!Jn7EJ1"ll El..'IW17~::~1EJ'YI'YI1 L ~Ln~Wl'l'YI~i'fnu Wl'l'YI~ a..1n171 Lfl71::~';1::~ a..1 L~ 

..;.... .. .. t ~ 

Wl'l'YI~i'f"11'~~L~ll1L 'YI1~ ~ 

3.5 W17~::~1EJ~th 1 ~Ln~;.n1Ji'f17~1 El ci1..'1';l::r;ia.Jl3J~~n~~LL1'f..'l 1 W7i1..'1fl ~~L~ EJ1n~ 
" 

~~El~n1'l'YI~~El..'l 

n17~~naufl~\.I.LL~..'I~1erl'.Ji1 wrl1..1 ultraviolet LL~:: visible ilfl11~tn1fl~u 
" 

1h::~1m 190-800 nm 1-t1.'iinut'f17Lfliifhu'l~qj l'iimi 1'f17D\.I.'YI~u ~1aW17U7::nauL.lft..1'li'Em 
,. .. ,. r ~ ..1..... 'WI ,.,. .. .. ... • r.., .., ,..1 1 

~'l'ElWl'l'El\.1. \.1. 'YI'lll'YI.J'YI~i'fLL~:: L~~i'fL 71\.l.ll~L 'llln L 'Yifl\.l.fln171Lfl71::~~1 ll'l..'li'f LW~1..'1 

ultraviolet LL~:: visible 11 UV-VISIBLE SPECTROMETRY LL9itl11'f17~rhn171Lfl71::~iii 

~1m11l~Ln~mfu 1'f17~il;.~u';l::~~n~uLL1'f..'ILWrl1.J visible El1';1L~tm11 colorimetry 

I 

"" a"" .. a"" rt 1 .. !f1"fln" nfiO(;t(;tna" \'13JD"L'M'" (;I .. .. 
380 Ultraviolet ------
380-435 Violet Yellow-green 

435-480 Blue yellow 

480-490 green-blue orange 

490-500 blue-green red 

500-560 Green purple 

560-580 yellow-green · violet 

580-595 Yellow blue 

595-650 Orange green-blue 

650-780 Red blue-green 

780 Near infrared ------
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""' ..... t.l .,f .. LA1il" Spectrophotometer 1Jil1" 1::nilUYi1-'!1'-' Ail source , attenuatery 

device , monochromator , cells , detector , amplifier m~:: signal processor 

Radiation Source (LL"'~'H'hLii."LL~-.1} L~LL~-.1EIV1..1~mi'tt~-.1 (Continuous} 

+ Tungsten Lamp 'liLL~-.1LWzf1..1 350-1000 nm n1LU\4ozf1..1 visible ~::L"li"'~El" 

tungsten th::111n1. 15%'i!El-.1l'ffi'-.1..11\4~1n"'~El"fl-.1~L'il\4~::e:wl wlh-.1 visible ~L Vi£1..1 2-3% 
'II 

'ilE1..1i'-.1i~1n"'~ t~'ilfi'.J~L'ilu ~.., Ltlu"' ~ EJ'ilLLn1~run11mfl 111 EJL u~'~ ~t1"'Yi1~1 £1~1" ~ .. "al 

fl-.1~L"u1.iimft~~h ~Un'l::tY.J"'~El"i'El\4~..1 3000 Kelvin '~~ti"~::LL~i'.JiEJEln1l1LU\4 
fl~\4LL~-.1LL1J1J~mi'tt~-.1 L"EJ~1l'1" Halogen ElV1l1EJL\4"'~El" Lozf\4 Bromine, Iodine LU\4~\4 

~ 'II 

L ~El n" El1 E.ln1'l L"Ji-.11\l.'il El-.1"' ~ El" 
~ 

+ Ultraviolet radiation 'liLL~-.1L\4ozf1..1 185-375 nm LU\l."'~El"LLT1'1n~1..1 1l1EJL\4 

1J'l'l~n1'11,ilL"1L~\4~fl111l~U.~1 ~~1" filament 'Yi1~1£J 1~"'::EJEJn'-n~ ~EJEJti'l::"''h-.1 
~ 'II 

cathode LL~:: anode 'liimJ't~vh~t1mh::"'i1..1.ff1 40 volt ~1"i'tJw~·"LLa1mEJ electron 
'II 

mm111 L"i£Jni1 electron ~~Y-la-.1..11\4~..1 LflgEl\4~"li\4L1lL~n~'ilti-.1LLn~~ exited state LLa1mEJ 
'II ~ 

' 
Y-la-.1..11\4LL~-.1L~Elnau1!1ff ground state LL"'~-.1ri1Lii."LL~-.1L\4ozf1..1 uv UEJ11Li hydrogen 

'II 

discharge lamp , mercury vapor lamp LL~:: deuterium (02} discharge lamp 

Attenuating Devices : LUU.Gf1\4~~..1m1l1tu.i'.Ji~1mL"'~-.1ri1LU"LL~-.1 ti1'l"li wavelength 

~1..1num111tu. i'-.1in~1..1nu. Gi'1u.EJun1nhh::n El1J~U.&J L"liu. cells , ~1Lflii, monochromators 
~ 

.. .... 411:11 I .... 

~::"..,""'l.J~L rnnu 
'II 

= kv" 

' ' .. 
V = voltage , k = fl1fl-.1'Yl I = intensity 

m1l1 nLfl111l L ,r 1l'il El-.1 LL~-.1 LUU.H" Gf1U.'il1..1rl1J voltage 

Cells: cells "'1El cuvette ~LiEl1~LUU."llii."n~1l"'1m"'~£J1l 
ti1Ltlwrl1..1 visible ii.£J1lLi"llii."'Yi1~1nLLf11 'VI1ElY-l~1~~nb 
tl1LU'\.I.ozf1..1 UV \h..111Li Quartz LL~:: fused silica Quartz ';l::n1::-;nmL~\1~ni1 fused silica 

LL~ fused silica ~13J1'lt'IL~LL~-.1~1'\.I.,Iiit1..1 185 nm. 
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"tltu::~ Quartz LL~~t:-i1U~~LLfl 200 nm 

+ n11li1fl113J~::En~ 'lin'l~L~mn~ L"liu n'l~~u~m~EJ-;:n~~1Eln1~ Lfl1iimL'7i~1~ 

f1~1~LL~~~mu.~nii~EJ~ Lfiu'l~naEJ\ILh~i'iJLfiuL'lffl~ 
~ 'II 

+ ~~fl17LiLLtl1\1~7El~1li1fl113J~::El1~ cuvettes fl17Li cotton bud 11iL~~n1u 
li1~1n n7::~11!-LLfl::~3Jtl fl1 £J~1 £J W1 ~ 

~ 

.,j ... 
Detector (LA1il'I11GILLft'11) 

1. Phototube li1~1mLn1~7il silica 111£JLULUU~flEl~~runnn1fl ~cathode Q.1lJ~1£J 
~ .... 

~Tl~~13J1'lt1L~ electron L~EltlnLL~\1 
'II 

2. Photomultiplier tube il~111'W~1~n-:hH1.u"li1~ 190-900 nm 

3. Silicon diode detector 

Signal processor tl1::nEJlJ~1£J meter UEJnfi1 A, %T Liju scale, Digital meter lJElnfi1 

A. % T Ltlu~1Lfl"ll Lfl~EJ\Iuwnn ~1mfl~EJ~'W3Jw Lfl~EJ~fl EJ3J'W1L~Elffl1Ufl3Jn1'lli1~1u"tJEJ\I 

Attenuation of a beam of radiation by an absorbing solution 

- . . . . . 

b 

............. . . . ' ....... . . . . . . . . . . . . . . . . . . . . . . . . . . 

. ........... ' ............ 

............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Absorbing solution of concentration C 

. ' 

~ 

T = P/P0 

T =log PofP 

.4 I ,CII ..... I 0 &-' .:11 I 

Transmittance (T) flEJm 'YILL~~~EJ~'l1~1U"tlEl\ln1iii~LL~~·m.nw;nn absorbing species 

iL£J13J t~£J 
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T = P/P0 

P0 ~tl fi1111L"lill"lltl~LL~\1fltl\Uhu absorbing species 

P ~tl fi1111L"lill"lltl~LL~~'VIi~~1U absorbing species 

. ' . 
Absorbance (A) fiEI fl1n1'l~~n~ULL~~"llEI~~17~:~1£J 

\1 

A =-log T 

=log (P0 I P) 

Molar absorptivity (E) ~EJ ~1~LL~~~n~fl1111~1111'lfiLUn1'l~~nauLL~~"llEI~ absorbing 
\1 

species ~fi113J£J11fi~U~ThVIU~ iiVIlbmiJu~~'l~EILliGI-L'IIU~Lll~'l LLa: c ii'VIli1miJu 

111~1~~,. 

E =A/be 

Absorption Law 

dp = 
c = 

= 

k = 

FDT 2301 (FT 331) 

dx 

p 

-kPx cdx 

" " .. fi113J L "llll"ll\1. "11 El~ ff1WI~n GIULL~~ 
'II 

n1i~LL~~~L"li11'!JLU~11Gl::Gl1£J~iifi113J'VI'\.t1 dx 
' ' ... 

mfi~'Yl 

145 



-dp/Px = kcdx 

-(lnP-InP0) = kcb 

logPofP= kcb/2.303 

= Ebc 

A = -logT = Ebc 

A .I ..., ..., ~ .II I • 
Beer's Law fltl nlJ'YILLff~~fi112JtUJYfU1Mltl~LLa\'I'Yiff~~11Ufl1~::~1EJ n11~~n~Ufi112J 

... ... ..I ' 
L 1J2J1JULL~::1:: EJ::'YI1~'YI LLff~ ~1U 

T 

P/P0 

A 

= 
= 
= 

= 

P/P0 

10
-ebc 

-log T 

log (P/P0) 

= Ebc 

= A 

E 

b 

= 
-1 -1 

molar absorptivity (L-mol em ) 

= 
c 

... ... 
fi112JL 111111U11 a~ ff11~::~1 EJ (mole/L) = 

A = log (100/50) = 0.301 

LrlmLff~tln~~n~uL"li1'll 90% LLff~~::tlmJ~aEJaanm 10%, P = 10% 
~ ~ ~ 

A = log (100/10) = 1.0 

"" 0 .... 'J "' '!lil\11fliA11il"n1'B!f Beer's Law 

146 

• 
• 
• 

"!'I .f.,..., 
tn1'~::~1 EJ~El~LuU.L 'l.l.m~EJ1nu. 

mjL Wlh~fi112JL "li3.1"li'WY.HlL ~111:: 
~ 

'liLLff~~ijfi~UL~EJ1 (monochromatic light) 
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• 
• 

nTl~~n~\l.LL~~"llEI~Wl'lLL~~::"lf~~LU\l.a~'l::~Eifl\1. 
'II 

..I • ., t. ... .. .... 
LL~~YI ~1\l.Wl1~::~1 £J ~ EJ~ ~n n1::YJu~~u1n nu ~1"ll EJ~ ~1n ~1~ 

..& 
nTnU!h1LtJ~;)1fl Beer's Law 

• 
• 
• 

n11'W 111 ~1~1u tll L llu.uiu.~,-~ ~~ EJ~,h~ ... 
~1 absorbance ~1~i.~11Lllu.tl~ll1flrlml111lL"liaJ"liu 

+ Chemical Reaction LilEJ~';J1n~11~::~1£J~~EJ~n111Lfi11::~Ln~u~ffi£J1 
Ln~u~mtJ1nu~1Yi1~::~1tJ~ti 
Lii~n11 polymerization 

1. ~~"llEI~~aJ~~Lfl~ (chemical equilibrium) , 
~1~'1E1 tEJ EJ EJ\1. ~';J::Yhn111'~ EJ1';JLU~ tJ U.LLU~~ i.~ ifu.EJ unu~aJ~~ Lfl~ L "liu. 

C6H5COOH + H20 

Amax = 273 nm 

Emax = 970 
2-

Cr207 + 3 H20 

Amax = 350 nm 

'II , 

CsHscoo- + H30 

Amax = 268 nm 

Emax = 650 
2- + 

Cr04 + 2 H30 

Amax = 372 nm 

2. ~~"llEI~fl11aJL"liaJ"liu. (concentration effect) 

+ 

filJ"llEI~ Beer 's 1-tl.~Lh~i'tJW11~::~1£J~~"113JL"li3J"liu.~1 ')L'Yh~u. tl1fi113JL"li3J'tiu.~~n11 

0.1 M ';l::'Y'lu11fh E Lllfl~~ E ifu.nu~'l'l"lfU'im~"llEI~~'l 
3. ~~"llEI~Eitli.~Jlij (temperature effect) 

~ 'II 

fl1'lfl1tlfi3JEitli.~Jl5jL~fl~~ (+ 5°'ll} tl1Eitli.~Jl5jL~3Jif\l.EJ1';1YhL~di~ red shift 
, , 'II , 'II 

4. ~~"llEI~~1'Yh~::~1£J~Li (solvent effect) 
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i'Trha::~nr.Jvnn~ii dielectric constant R-3 ·rhl~n11~~nauLLR-3Lll~m.Lii1LL~\.L-3 
'II 'II 

.. .. ..1 t; ... • I ..I .... ... 
shift ~1El blue shift 'lf-3LntJ1"1JEJ-3num1LlJar.Ju-s::~uY-~a..1·nU 

5. ~a~Ln~';11nLLR..1 (photo effect) L~EJL"Ji'LLR..l UV 

El1';15:i~a~EJR11L~iiu1..1"1JU~LUR11a::a1£J Yl1L~Lfi~y.jaEJEJL1RL'lfU.f ~..1s:i~a~EJn11 
'II 

..~......... .f'l .. A I " t,l - .., ... 

LLR..l R11a::a1 r.JYlaJam!tm::LlJU~ EJaaEJ r.J~~"SEl"lJULanUEl £J ';l::n1::L';)-3 LLR..l L~ • 

1.0 

0.8 

g 0.6 

.e 
i; 
~ 0.4 

0.2 

Lii~ red 

10 12 14 

Concentration of analyte. ppn1 

... _.., ... .. 
Lnf'lv10u'!J1'11'11ih'ILA"Sih11JO 

1. Polychromatic radiation ~..1~111nLJ"ll El..l Beer's Law ~11LUU monochromatic 

radiation ~..1n11Yl1'111UL 11L"Ji'LLR'I1~d~IULLtltJLL~1J ') LLYIU~\1:: L"Ji'LUURLU~~l'l11 (sharp line) 

2. Stray radiation ~ElLLR-3~f1L"li1111';11n~1UUEln 1111"Yf..1LLR'I1~n1::L~'I11l1£JLUL~~El'l1 
L"li1LUrJ'I1111~11~ l11L~fl1 absorbance L~\t'EJ£Ja..1 

3. Slit width un~~1111n11'11"1JEl'l1"1i'El'11LLR'I1"1JEl'I1L~~El..1 UV-VIS El~LU"li1'11 1 nm 
'II 

~111l~~Y-la1~ (errors) 

Monochromator : LtluEJ1.Jn,-cl~~1n~mmm1'11i';l1n wavelength 'i\1'11 ') Ltlu~hu~1"1i • 
~11J~11LLR..1 1~£J';J::fl1L~LLR'11~EJElnaJ1';11n~uihL il.~LLR'I1 ~-3Ltlu Polychromatic light L~Lilu • 
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monochromatic light tl1Lilue:~tlnnll'71m~T;J:: LiLL~'-I.nHh'l~ ~\ltl'l::ne:~u~1 £.J LL~ULLfl1 2 • 
LLr-lu 1\IH';I::r.l1ULL~ULLtl1~1'-l.~\1,., LUULTI~e:J\ILL£.JnLL~\I~L"' bandpass width ~LLTIUni1n1'lLi 
Filter Ue:Jn';J1nd'n17Li monochromator EJ\1~111'lt1tl7uTI~U~1\I ') t~~mtte:J\IrlUe:Jci1\l 
tlfl1 u~ monochromator tl7::ne:JlJ~1£.1~1UWl~tll~\ld' 

"' 
+ Entrance slit LU'-I."lie:J\IL~n ') ~£.Je:J1JL"'~1LL~\ILLTI1J ') ~1\l.L"lhLtlEJ\ILTI~e:J\1 

m::';J1£.JLL~\I 

+ Exit slit ("lie:J\ILL~\1~1'-1.) Lilwlie:J\IL~n ') ~£.Je:J1JL~"li1.:JTI~ULLTI1J ') ';11nfl~U 
m::';J1£.JLL~\1~1'-I.e:Je:JnLtl1fl£.JTI~'-I.LL~\I~e:Je:JnLtlilan1Ytu::Lilu spectrum Tl~1m1u~L~nu Filter 

+ Dispersing device (LTI~e:J\In7::';11£.JLL~\I) ~\le:J1';JLU'-I.m~11~1e:~ grating ~.:1 
th~\l'1~LL£.Jn~1 LL~.:J~iJ~ a1 £.JTI~U';J1n"lie:J\ILL~\1~1UL "li'1 e:J e:JnLUU"li1.:JTI~'-I. ~LLTllJ ') ~~e:J L ~L ~~ e:J 

"" ,. tJ fl'o ..ftJ " flaULfl£.J1e:J n7m~1U'-I. 7::nmJfl1£.J • 
1. Filters 

2. Prism 

3. Grating 

m't1LA-s1::14'Li\lt.l;a.nm 

+ m11LTI11::~~1Uimm1fl£.Jinn11~111fl1!1U (Standard curve) 

+ m1'1LTI11::~~1mmm1fl£.Jinm1L~11~1111"1'!1'" (Standard addition 

method) 

+ m1'1LTI1'1::~~1mmm1n Internal standard 

+ m11LTI11::~~1mmm1fl£.Jin Dual wavelength 
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1 . n1<t1LA"i1::,.;''M1U~'nmTc;nJ1fin"i1WaJ1Gl'tJ1" (Standard curve) L~£Jn1,.L~1mJ 

W1,-~:~1£Jfl1111L"li11"li'U.'ih~nu. 3-5 fl1111L"li11"li'U.~111~1~1J \t1lt11~~hn11~~nRULLti~~111 
\1 

wavelength ~rh'VIU~Lii£Ju.n71Vh:'V111~fhm7~~n~uLLti~LL~:fl1111L"li11"li'U. 

550 nm absorption 'lle:J~~1m.h~ 

absorbanc 

" " fl11aJ L'!laJ'll" 

... tf ..... f' ..... -
2. fl1"i1 LA't1::'M'M11J"iaJ1 nLLGl !.116 fl1"iLGIIJ 1111 "iaJ1 Gl "i!1" (Standard addition method) 

L~11ti17~::~1£J111~7_!1\.Lm111tu.LL~n~1~~111~1~1J~~LU.W17~:~1£J~1e:Jth~~ii 
lfi111~7L'Yhnu. 'thL~tfi111m7111L'YhrlU. 'VI~e:J~ti~'Yi1£Jii unknown e:Jci1~Lil£J1 \t1 

~ 

W17~:~1£Jlt11~~1n17~~n~\ULti~ (absorbance) LL~11l1lt1Lii£Ju.n71vJnufl1111L"li11iwne:J~ 
\1 

W17111~7!1U.~L~11Gl~lt1~1EJ ~1u.~1 least square ~1nn11vJ 
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550 nm 

Absorbance 

n1Jt~ 8.10 LL~~h1n'l1'W standard addition method 

._.. .a.Q.J'a !'T ,. -~ "' "' 3. 1fi Internal standard 11i~1L~11::'VIL~UL~11 internal standard Y\1f11111L"ll11"ll~LL~:: 

" 
Lil~fl~a::"lfit~nu~,-~~Eh1m71L~11::~ iL~11::~'VI1eJ~71fi'1~1::w'h.,~hmwl~n~~"llEl-1~7 

" ~1ElV1-\ILL~::~1111~1_!1~ (Au I As) -;nmf~tt1\1.JLiJ£J~n71WrltJ~1111L"li11"1i~"llEl-\1~1~ 
~El.,m1iL~11::~ ~1'VIi'uind'Lm~LdEl 

1. ~1.11ElV1-1';1::~El-\l\1iij~7~'tiLiJ~~17111~1;i1~ .. 
2. R1'llJ1c;r~~1~LLa:tn1fl1D~1~,:ti'Eh1iian~tu::LLa:flma'llllilfi1~L"iiLV\iiElUflU .. ~ 

... ~ tl"" 'f' ..... 4. n111Lfl"i1::\1111 "iaJ1&lUtUI1fi Dual wavelength 

LL~~-1i1n1::tJ1~n11'VI~EllTin1'l~ri1'VI~~' iLiJ~ hJ~111f11111L 'V1111::~11~f1111l1 'tJtJfj~ 
'VI'iElm1~11';1 ~EltJ~1111 L m~"ll El-\lin1~ £J fl~£1~ fi11~11';1 ~EltJ LLa::~~ih'VI in;i1\l. ~ L iJ~ 1Uli1111 .. " 
LvlmL~~-1i1"JiElri1'VI~~ 1~£JoWL~'I:tLU'V'n::fii1'11 '] 

u11~~a'~ , 

A11aJthA'ru'!J il\lfl1"it11 Method Validation ., 

+ n!J'VI111£Jri1'VIU~ 

0 .... ~ ... ..lt.'t..,!-'1' 
~'VI1Un1'H"lfYI~., ';In L~murn::~1111n 

+ L Yl El~1111LL '\.L\';1 L ~~fi.L111'Y-ILL~::~1111U ~El~Jl r.J"ll El-\I~~YI~ ~EltJ , 
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L vim~~ n11'Y11•Jhvl1 El'Yh L ~ 1i • 
• L vi t1 Ltht.'li mJfl t '\.l.n11i~i'\.l. l-;rh;J::~1 L ii. '\.l.n17~tl ltJ~1tl~EJ~m7'Yl~a'tltJ L ~ t1 

~ ~ 

LLTft "lJ L~ tl Ln ~ a'Il11::n11LU~ E.I'\.I.LLU ~~ Lu-;nn~fl1tlfl3J 
~ 

• 
• • " "" ~... .., "" ; .. .I 

Linearity range fl tl 'i11~fl113JL "lJ 3J"ll'\.l."lltl~a'11YI3Jfl113JL"ll3J"ll'\.l.m ~~';J'\.I.Cl~~~~~Yia'13J11t1 

fl1tltJflfl3J"lh~in'Yl~a'tltJ,f'\.I.')Lffi~vt~ Accuracy LLfl:: Precision m.iL'\.I.Lntu'ti~EJtl3Ji'tJL~ 
~ ~ 

LLfl::L~mh111wl1~n,-1~1~v~1fl1111~iJ~wt'7::""11~ 2 i1LLU1';J::l~n,-1~Ltl'\.I.La'\.1.~1~~~il~1 
Regression coefficient t1cllwrl1~ 0.995-1.000 L~EJ'Y11m7iLfl11::~ Spiked samples mh~ 

'II ... 
Utlt.l 5 fl1111L'li11'li'\.l.') fl:: 10 '111 

l: -. tf ""' I ,._ 

'll\laGIO\Iafl1"S1LA"S1::'Mft1"SGl10li1\IGI1tl spectrophotometer 

1. flm~nm7L~'1v11i1tlcl1\IL~m~tlninL~7v11i1tlcl1~~111in~tu::m~17'i1ii.~,f'\.l.') 
LLfl::L~ t1ni1Yi1fl::£n EJ 1 ~L ""111::a-11 1~ EJ chromatogram "ll t1~i1'Y11 fl::fl1 vl1i111t1 cl~7~"lh~ntJ 

'II 

.. "... .ol .. l" ... 2. Lfltln ~'i1a'1l11::"lltl~Lfl1tl\llltl ""rm~tl~ 
'II 

3. fln~1~h absorbance "lltl\la'11i1Clcl1~ 1~m~tln~ Amax L~tlL~~1~Cln~tl~ 
'II 

4. fln~1i1LLU1~1\I ') L"li'\.1. ~1 pH "lltl\la'11fl::fl1E.I ~11tJn1'\.l. fl113JLa'tlE.I1"lltl\l 

Wl1U1::n tltJL i~-D'tl'\.1. 

5. Yi1n11~111~1~1'\.I.L ~tl""1t1'1mtua-11i1 t1 cl1~ 

el10U1\I 8.2 a'11fl::fl1E.I Phenolic compound 'itii.~""rt~ iifl113Ja'13J11ClL'\.I.n11~~n~'\.l.~ 
'II 

.ol ., .. -5 
m13JE.I11flfl'\.l. 485 nm ~'\.l.a'11fl::fl1EJ3J Phynolic compound 3.00 x 10 moi/L 

~\J';J::U~tlmL~\1~1'\.I.L~ 71.6% "lltl~m111tuLLa-~~~nn7::YitJ~f1113JE.I11fl~'\.l. 485 nm L'\.1. 

cuvette "ll'\.1.1~ 1.0 em. 

%T =71.6 

A = 2-log o/oT 

A = 2- log 71.6 
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=log 1.396 

= 0.145 

"ll. vn~h Molar absorbtivity "llil~ Phynolic compound 

"' 

A 

0.145 

E 

= Ebc 

-5 
= E(1 em) (3.00 x 10 moi/L) 

= 0.145/ (3.00 X 10-5) 
3 

= 4.83 x 10 Umol-cm 

fl. m cuvette ~~1 3 em. 1:1~~1 % T 

Log 1/ T = Ebc 
3 -5 

= (4.83x10 Umol-cm)( 3 em)( 3.00 x 10 ) 

= 0.435 

T = 10.{).435 

= 10°.565 x 1 a·1 

= 0.367 

%T = 36.7% 

i1mh\Jff 8.3 m1iLfl11::~hnmru~t~fll~~ln~1~«n~~l1i~h~ 'l ~~~t~fll~~ln~L1jtmn'lf 
.. .,1 t( ._ "''~~ t( A "" "" ..0 ~ 0 A ..0 t( 01 01 tl 

"l!tl.~-nmll~~ ~n~"l!~~~~~'lf~lltl1tl.fl1"W mm1'Yl1~1ll1l~WY11t.Ja~ fi113JL"llll"lltl. 1::mru 
~ ~ \1 

0.004% "li1llUtl~ntu:fm1l~ ~1 LD50 orally in rat= 800 mg/kg (800 ppm) ...... ~ 

1ti1Lfi11::VI (AOAC 1975) 

1.i'~i1mh~tl1::mm 100 ni'll 't~~\IL'\.1. Kjeldahl flask "ll'\.1.1~ 800 ij~aa~1 
" 0 

2. L~mt1mru 100-200 ij~aalil1 L~lln1~ H3 P04 mmn~"Wil 1 ij~aa~1 

3. 't~ anti-foam 1-2 'VIll~ ~il kjeldahl flask 
0 

4. nat~.i1 ')LTh.J distillated 50 ij~aa~1 

5. lt!Ltl~ distillate 4 ij~aa~1 ~~Lti.'VI~il~'Yl~~il~~ii Nash's reagent 2 ij~aa~1 
ij~aa~1 

6J.i.1lULL"liLWl1\IJ1~tl. 37 il~~1L'l!~L:fimi 30 u1fi LL~::~~L~Lfltl. , 
0 

... 0 ... 

7. 11ilfl1 absorbance 'Yl 415 nm 

8. fi1~1tu.~1fl11ll L "lill"lit~."ll il\1~ af3Tfl~lnlil1 ~«n ~fll3!L fi £J1HltJn71~ll1~1;;1tl. .. 
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5.1.24 

A. Reagents 

AOAC Official Method 960.S3 
Furazolidone, Nitrofurazone, 

or Blfuran in Feeds 
Colorimetric Method 

First Action 1960 
Final Action 1961 

(a) Phenylhydrazine hydrochloridt so/ution.-Dissolve 0.5 g 
phenylhydrazine·HCI in 50 mL H20. Prepare fresh daily. Mix equal 
volume of this solution with HCI. 

(b) Furazolidone standard solutions.-(]) Stock so/ution.-
0.55 mglmL. Weigh 55 mg furazolidone standanl (available from 
Hess & Clark. Inc.) into 100 mL volumetric flask. dilute to volume 
with dimethylformarnide (DMF), and mix. Solution is stable several 
months when protected from light (2) Working solutior~.-Prepare 
working standard corresponding to label declaration. For feeds 
containing 0.0 II% furazolidone, pipet 2 mL stock solution into I 00 
mL volumetric flask, add 48 mL DMF, and dilute to volume with 
H20. For feeds containing 0.00275% furazolidone, pipet 0.5 mL 
stock solution into 100 mL volumetric flask, add 49.5 mL DMF, and 
dilute to volume with H20. 

(c) Nitrofurazone standard solutions.-(]} Stockso/ution.-0.56 
mglmL. Weigh 56 mg nitrofurazone star.dao·d (available from Hess 
& Clark, Inc.) into 100 mL volumetric flask, dilute to volume with 
DMF, and mix. Solution is stable several months when protected 
from light. (2) \\\:irking solution. -Prepare working standard corre­
sponding to label declaration. For feeds containing 0.0056% nitro­
furazone, pipet I mL stock solution into 100 mL volumetric flask, 
add 49 mL DMF. and dilute to volume with t120. For feeds contain­
ing 0.0112% nitrofurazone, pipet 2 mL stock solution into 100 mL 
volumetric flask, add 48 mL DMF, and dilute to volume with HzO. 

(d) Bifuran standard solutions.-()) Stock solution.-0.!285 
mglmL. Pipet20 mLnitrofurazone stock solution and 3 mLfurazoli­
done stock solution into 100 mL volumetric flask and dilute to 
volume with DMF. (2) Working solution.-For feeds containing 
0.0064% total nitrofurans, prepare working standard by pipetting 5 

..l 
'YI3J1 : AOAC 16 th Edition (1995) 
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mL bifuran stock solution into 100 mL volumetric flask,~ 
mL DMF. and diluting to volume with HzO. 

(e) Adsorbent.-To 100 parts alumina. 961.l4B(b) (seel.ll 
in screw cap bottle, add 4 pans Mg(OHh, shake until th~ 
mixed, then add 5 parts HP. and mix until all lumps disappear.~ 
in tightly sealed container. 

B. DetermlnaUon 

(Caution: Set Appendix B. safety notes on pipets, toxic solv~ 
and dimethylformamide.) 

Grind coarse or pelleted feeds to "20 mesh" tluough cuttinH 
mill such as Wiley Intermediate. Finer feeds need not be~ 
Weigh 10 g sample into 125 mL Erlenmeyer, add exactly lOt 
DMF, sto{lper loosely, and place in boiling H~O bath 5 min. Mcdl 
cally shake 10 min and filter through rapid paper. To 25 mLI'il 
add 25 mL HP and mix. 

Prepare ca 20 mm diameter adsorption coiWM, containn.t 
sorbent, to height of 5 em. Pass the 50% DMF sample s* 
through column. discarding ftrst 3 mLeluate. (If column flowtq 
break up gummy fJlm at top of adsorbent, using long thin glas\111 
Pipet 5 mL aliquots of eluate into each of 2 numbered tcstli 
Protect one tube from light To other tube, add 3 dro~ frrJ 
prepared 2% solution of sodium hydrosulfitt and let stand 201 
shaking at ca 5 min intervals. Treat 5 mL aliquots of w«<l 
standard solution in exactly same maMer. 

Pipet 5 mL phenylhydrazine·HCI solution into each of the 11 

bered test tubes containing samples and standards. Mix and Pt 
tubes in 70" H20 bath 25 min; cool in 15" HP bath 5 mio. H 
exactly 10 mL toluene to each tube, stopper, and shake vigon. 
40times. Centrifuge or filter toluene solution directly into absoqi 
cell through cotton wad inserted in stem of small fuMe!. Read A• 

solutioni at 440 nm. 

% Furazolidone = ! (A,, .. p~c- Aml&lccd ....... J 
x 0.0 II (or 0.00275)]/(A111111ard- A'*".,. 

%Total nitrofurans (bifuran} = {(A.amp~c- Ar<OI<cdwnp&cl 

X 0.0064]/(A.,.n~an~- Ar*olllllls 

I 

% Nitrofurazone= [(Asamplc- Ar<OI<cd ..,.pte) 

x 0.0056 (or O.Oll)V(A.,. • ..,d- A,o:<~Ko~ 111111 

References: JAOAC 40, 463(1957); 41, 333(1958); 43, 3Hl(l96J\ 
44, 30(1961); Sl, 233(1969). 

CAS-67-45-8 (furazolidone) 
CAS-59-87-0 (nitrofurazone) 
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fl1'rt~ 8.11 LL~~\ILfi~El-1 Single beam spectrophotometer 

~ ..: 
fl1'rtt1 8.12 LL~~-1Lfi"Hl-1 Double beam spectrophotometer 
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n1'nA 8.13 LLff~h1 cuvette Lh'VI'llJ single beam spectrophotometer 

... 0 ... 

n1Yi'Yl 8.14 LLff~\1 cuvette ff1'V111J double beam spectrophotometer 
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