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Comparative Determination of Iron in Vegetable Samples by Redox 

Titration and Spectrophotometry 



iirnsimri:iwid3lnmina"nluin kwimw'uqlan 1Eilit-i cind~suia r i n ~ d i s  

fininus tiiuis a-wn u0 nr:mn uziiowas innuiu iin- ringm 6auTjZrnrhim 

i l u u d ~ ~ ~ u i ~ ~ o n ~ i m - ~ ~ ~ " a - 3 ~ 1 ~ a n i ~ l n 1 ~ s ~ d 1 n r u ( p l ~  ~~~b lhMd~P1 i i8~ i ia"~~ l ieJ11~L~~  

i61~~tl l~~UP 500 owir?inAun riXaJiIdbou8~unsm1aFmsmao?nibu*uGu nsosmra-aiu 
p l c ~  a 

Y ,  

nsluuan4d3uiasuuim 2.50 enu~a6i?iun'iuns irn:diud?snns~nosum8auGina"u oin 
d d  s 

nimnnoswuii cindiiln?mn:~udsuimiwa"no~lu?ias 2.82 - 54.32 lm: 2.00 - 50.81 

iinn'niuriohodis loo niu ~iuBir iU ~ ~ ~ ~ ~ i ; d 3 u i m i w a " n u i n ~ ~ m  & ~ n n i s ? i ~ ~ i : i ' o ~ n  
Y 

w"snns?Z!niGrnaiuumnriisn"uoeiisZGudi~~ 



Research Title : Comparative Determination of Iron in Vegetable Samples by 

Redox Titration and Spectrophotometry 

Author name : Miss Anong Srisopa 

Abstract 

lron in vegetable samples such as Basella alba, Eryngium foetidum, Limnophila 

aromatica, Tiliacora triandra, Piper sarmentosum, Morinda citrifolia, Ocimum sanctum, 

Solanum fon/um, Lasia spimosa, and Diplazium esculentum from Phi tsanulok were 

determined by redox titration and UV - VIS spectrophotometry. Dried samples were 

ashed at 500 "C, digested with concentrated hydrochloric acid, filtered and d~luted to 

250 cm
3 

with distilled water. From the results, lron in vegetable samples which 

determined by redox titration and UV-VIS spectrophotometry were in the ranges of 

2.82 - 54.32 and 2.00 - 50.81 mgI100g sample, respectively. Diplazium esculentum had 

the most of lron quantity. The results of two methods were not significant difference. 







%Ru?zflbdf~%ws%dlmbum: 

4 s c l o  nrww 3 asniaGodni%%'u 

3.1 ~ ~ B ~ ~ ~ ~ ~ ~ P ~ ~ ~ u ~ % ~ I ~ ~ ~ ~ ~ Q ~  
A & A  

3.2 ~ ~ D ~ u D ~ I $ I u ~ I ~ ? Q u  
3.3 ?dns& m$o.rimYa 

3.4 fll5bflS 

3.5 n15bm~uufl1sa%aiu6a~eiid 

3.6 ~ I ~ ? ~ ~ ~ I ~ ~ u I ~ ? ~ J I ~ ~ w ~ ~ I u ~ I ~ ~ E ~ I ~ ~ ~ D ~ I ~  
3.6.1 n15?~n51~i~id?uimb~!nI~~15a:a1u~a~eii~ 

Tmui'$nir !nmsmiiuudfin'?u~?~~nG 

3.6.2 ~ l ~ ? b f l ~ l ~ ~ U 1 d ? ~ ~ 1 f i M b U $ f l ~ U ~ l 5 ~ % ~ l ~ ~ ~ ~ ~ 1 d  

hut'i-iii~Gnnidnlw5ldlmb~mT 

3.7 f lI3tl lf l~lUbb~~~l (accuracy) %Ddfl19~bfl6l%Pld 

uni 4 wan1~mao.r 

4.1 ~ I S ? ~ ~ S I % ~ ~ ~ U ~ $ ~ ~ ~ ~ J ! W ~ W J ~ ~ ~ P I P I ~ ~ ~ ' ? U I ~ ~ O ~ ~ ~  

4.1.1 n 1 5 ? b n ~ 1 % i d ? ~ ~ 1 ~ b ~ $ n I ~ ~ a ~ i 1 d ~ n l m ~ " a 5 n 1 5  

h i ~ r r n ~ u u d ~ f ? u 1 7 m ~ n G  

4.1.2 ~ I ~ N I ~ ~ I U I I ~ U ~ I ~ D ~ ~ ' $ ~ I ~ ? ~ ~ ~ I ~ ~ I P ~ ~ ~ ? D U ~ Z  
~ ~ I S $ U  fl6~1 (% recovery) 

y s a  a s s s 

4.2 flis~ma~d%md~aa(?a - a.aapra aiadnlwsldlm~urn: 

4.2.1 n i ~ m n a i ~ u i a ~ a d ~ ~ m u i % ~ u  (Amax) lmu?lms 

n ~ ~ n u m s a ~ m u u 1 m s ~ i ~ ~ ~ ~ n n a 1 u ~ I u 4 ~  0.5 ppm 



fll5WFlfltI'FI Student t-test 

4.5 nis?~nsizp.1"lmu?Z~:m~uGna~ouwa$w~u 







! W  a 
2.1 bbflfl9~l5b~fl~~~5n"?~l~109fl15b~~n"~]~l5b~~59flV~~~bfl~ 

2.2 1m~~n~:~~ums~i i~n15n5~(9"u  

2.3 electronic energy level bba: transitions 

2.4 n ~ l d u ~ R 5 9 ~ ~ & ~ ~ d ~ C ~ ~ n ~ 5 ~ ~ ~ ? ~ ~ ~ f 1 1 5  

2.5 flbdnm?uv09fll56a6i19 

2.6 bbflWSB9~~~5~n~'il~O9b~f69flbn]n~~51d~~~b(plO~ 
A d 

4.1 ~ ~ H I ~ ~ I ~ u I ~ ~ ~ u w ~ ~ I ~ ~ B J I ~ u I C ~ ~ I ~ ~ : ~ I U ~ I ~ ~ ~ I ~ ~ V ~ " ~  0.5 ppm 

4.2 ~ b f l ~ 9 ~ 5 l d ~ l ~ 1 5 ~ 1 ~ ~ V E ( n ( 1 1 )  ~n--nuu13niu 51 1.0 nm 

4.3 n 5 1 d ~ l m ~ 1 u v ~ 9 f l l 5 ~ : ~ 1 ~ ~ ~ i n ( 1 1 )  



M 

Lax 
% RSD 



1.1 naiola~oaolirra~naioliim"y6~a~d~wi 
I 

I 
A  dd 1ndnl8umsoin1sdsz1nnllia1~.au'nnu.rnuna~ud1Kqdoii.rn1~ 1nulflud2u 

A  d drznouddiKquo.r$TuTnnGu (hemoglobin) bbaz!uTo1nnih (myoglobin) '1.11dugai1 

oon~~oudin~~usluo~ii .rniu uonain~~db8ud?udsrn8u1u~uttl~tluoa!~~a1n~u 

(cytochrome) Iln~b~u!%OJd (enzyme) waiu%u'n%Pdii.rfliu&;av ii.rniuPln5oz~lw~ndszu1sld 

I 
3-5 n iu 1nudszuitu 70% odlu~dn~Bon~in.rlueduo~$lulnaGu dszlnsld 5% od lu  

n~iul~n9u~duotlulolnnGu Jrzuitu 20% 18uodlu~Yu 8iu i ~ n z k n f z ~ n  I u ~ d u ~ . ~  
I 

rc A d d  
I 

L Y / o ~ % u  (fenitin) LIEI~~ITUQ~RO?~ (hemosiderrin) ~~n:.~udaud~nnna.roJ~wu~~inod"ouoz 

odluwainu~ lulrnd l~azdodouotoiuazd1.r 7 luiwniu n'iii.rn1uu1na1~lwinoz19; 

rnuironh.r$Tulnnu'uIn' ~ . r d i ~ $ i i . r r n u p n n ~ a i i o o n ~ ~ o u $ d i ~ ~  o'~118ii.rniuozM 

r'ua1~miinoinnirnaiu6~6~o~i~n~a"on~~n.r ( ~ ~ i i o ~ ~ d r z u i c u  120 Yu) drzlncuiuaz 20 I I 
d d iinfiniu ~ W ~ ~ P I Y ~ ~ $ ~ U ~ I ~ ~ Y I ~ ~ $ R I ~ ~ B R I I R ~ ~ U U I I H ~  1nuWi;niriumanno$u I 

d 

erllrlnau"usnnainii.rniurnu~aiu n d i i ~ n ~ u f f q ~ ~ i i u ~ n d n d r z m a i u a :  0.5-1.0 I 
rinsniu . a $ ~ r i ~ u % n ~ Q n ~ u o o n ~ ~ ~ ~ . r d i ~ d ~ ~ n ~ C . r i n ~ s ~ q ~ ~ u ~ ~ ~ n n a i u ~ i . r  idu duoon 1 I 
uiriulndo~na ulnuwn ~ ~ n z n i r i i d s ~ ~ ~ ~ & u v o ~ n ~ . r a " u ~ ~ ? q w " u ~  18u;u $td-,l$'ln^n 

d d n a i u ~ ~ n u ~ a r z n i ~ ~ l ~ u a u ~ w ~ n d ~ n ~ u ~ u ~ i u a u ~ p . s a n ~ q q ~ i i u I d  $iS$Gnrnruin I I 
I 

m i i n d o z ~ i Y ~ ~ ~ ~ u n i r n ~ . r ~ i j n r B o n l r ~ ~ d ~ v n r z ~ n  n j ~ u i ~ ~ r n d a i ~ i ~ u ~ ~ ~ l ~ i u ~ ~ u  

m n o i n i s ~ W d o I i ~ ~ n n ~ i ~ u ~ ~ ~ n d a u ~ q ~ ~ ~ u ! d  

~nlu~iiu~r~uoimr~i~i~~~ino~uini7iod~5uan"u~1~1rdszrn~ruko~iaz!ai r i i inm 
U P ,  

gnnii 11n:&~$uoinirn~nuodnu6a 7 YdBnhu mr~bn?~iiinaiunulodoz3bns1~~ 

d?u1tum~tnluin~u~1u$%416uo1nis6a"bd niulunao'.rwinwP~qlan Tnul+?lmr 

hrnrnuuud~n'7u14nonC r~uulnuu<u~~g?-?dr~aardnl~s1d~a~ua? budo.roin?~ 
d d 444 

hmrni~uud~8?ui?non.a iduaa~~r ib . r~&n~eddor~n~i lw. r  mu1sod1nisimrizn~8 

lu$edd$uiirnr$uaiu6a1d I 
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a (1,10,12) 
2.1.1 51qt91an 

B ~n~n~Su~~jsi?ds:mn trace minerals ~ ~ n ~ 1 ~ b ~ l ~ i ~ 1 ? $ i ~ i l p d 4 1 ~ n l u l ~  

d?uimi~usaa"nf iou~~a:~isniu&osnis~ud?uim~~~n~~ 100 iha"n?u aad~waiu$iafiu 
d d d  

P, 

domrw'i.nuuosiitniu d?lnmlnnnnuodluf isniu~~da:nuod"ubbmndisn"u 3-5 n?u 
2 
uuoifYuoiy . mn uuinrosr'itmu ma-lnauirns iia:qumw mbnwulnn'luidn 

1bonimslu2dros3lulnaGu ~anbowuluriu i i iu luns-gn l u n ~ i u d o  ila:lu 
dd d 

bou~vunmua6sn"ud~n"?uinis~~o~n$b~ubiu!vmnsu (Cytochome), bwoiDon$bnn 

(Peroxidase) b bR: fl,"'?l lba d(Cata1ase) 

ms1.r 2.1 Ilmnuli~via!duosalq~~in 



A d 
2) 18udauds:nouluTuia~avod!uToTnaGu .a.ndus.mimg~imq~undiuido 

4.4 4 ~u ~ o ~ n a ~ u i i w ~ 1 ~ i 8 u ~ a d ~ o ~ n ~ i o u 1 ~ i i ~ n a " 1 ~ 1 i d o i . a a a " d 1 w ? u 1 ~ ~ u d ~ ~ u 1 ~ n u ~ 1 1 ~ u  

wafunir wnvo~n~iuidoi~a:1uv6~:i~ua<u8~~~~oinif~ou?noon?1~ooflu1 







2.1.8 fl~bu~dfn'6!&~~1b~dn911nb"npd!d('~' 

Kir'imuijn~sn:nu~~inuin q tu"o~ainn~iuw'ndn~3~i~~eii~ du luwmiij 
4 4 n1sviiaiutiintdoatta~~w'nn]nm~fso~~1&;~~1n1slXtdoa~aiu q nfd ~ 3 u s z u z t 2 a i u i u  

a 2 B.rliijn~1uiit~utwin~:nznu~~1a*lu~n]ta~u0iitno?u (Hernosiderin) ~ ~ U W ~ O Y I I Z ~ I U  

1Muin Btlunm~:~r'1tnia~~l~win1~Iu~n]ta~uGtno?u~un]?u1mu1n dunii ialuG 

bn0~5$fl(~emosiderosis) 01fl1380 ~ n l ~ b f l l ~ % 0 9 t ~ ~ f l % ~ t b d a ~ b b ~ 9 ~ 1 f l  ~FIu~wwI:%u~¶J 

ttnzfiiu aimsmiuui8o i'uitC9 (Cirrosis) m s i u n ( l ~ l ~ ? u ~ u s z ~ ~ ~ ~ u ~ u u ~ z ~ u ~ a u i n  
1 d 2 
uuun:o:liniuisosaun"3~twan~1~n~a3'tl1X 

I 

BASELLACEAE 

;om% 

$@%w ~ i ~ i n m f  

9 9 
9 

ouJiw3n llna#u lrnalin fin6u~bwuunio~~nalddou~ou 

wiseri-n"iu 1&%74 ~in"inlui ~tn"wss~nun"w"oa~n an9Ganoinis~~duw"es 

l u  Guilnn13: un"einisdnraau un"nain ussawioimsw"u~u ~ i t & ~ ~ i n l u  
P, s n  d 

~~u~5enlGwibenaondaulnwqsunsssl"naon4~uvu men watn"nain 

miou  n o  ~~K5o~J;idia i l i i r a l l ~  ~~n"wssiinl%duui~ua~lXfou 

East Indian Spinach, Malabal Nightshade, Indian Spinach, Ceylon Spinach 

-- Basella alba Linn., Basella rubra Linn. 



d s 3 w u i ~ i n m i  Eryngium foetidurn Linn. 

3 0 a s i  UMBELLIFERAE 



Limnoghila aromatica (Lamk.) Merr. 

P11981H19 

d\laa:lu ?udrmmuiduinaim~oJn"uLrda #uh aiu fiou r~nqunioIfi 

~duaioad~srmrn:n~ua~iniu  rmsdou 

Psas6 SCROPHULARIACEAE 



Tiliacora triandra Diels 

MENISPERMACEAE 

WlSUl 

sin I4&u~guuluRqn$In sjuiu &uCuvjlliia q I&nutiunnnuibou 

&u11Kl4uiaiZu 



~ o ? ~ ~ l f f l a d  m r  sarmentosum Roxb.ex Hunter 

3oasd PIPERACEAE 

sin I4inlnr?noun: nlodla~buuiaiq 

qqrnad~4~r:~u& maan3 



m1.n.r 2.8 ~ ~ n ~ i ~ m i u o a u o  
4 4 
~RI~IM I uzmri!o(mnmio) uo, uoiiu(mnnaia) uulw~(nzmiua-~~8idoanou) ~ 
&i?w~i~lam; Morinda Citrifolia Linn. 

RUBIACEAE 

Y Y 

Jimialwi q lniiua di6uqadr:uiru 1-6 ~uns 

lu-lhluduaoonmonlgui q W~IUCL lu~flu~duu: dmuun:lnu 

uwau vs~r1u~Soani4oa gaIu~Sufialiiua vuinluna*isPls:uiru 2.5-7.0 
Y Y Y 

Ga uia 6-12 i i a  Kiuluuia 0.5 Ga 

nsn-ssnmon~~oaiomiuiiu~u ion~nuia 1.0 - 1.5 i fa Zviavuin~in 

~~uni iunonlPouln~u~$u~~l io  ilmunonaun~flu 5 niiu uia 4.5-5.0 

Ga%umr n~u~iuoaonduu~~~#ioa~oa~voawoai~~doa~ww 1:daoauoa 
4 4  4 ~a-~$u~dnauw?o~di i?aa$uiu q mu q wa wadauun~uuaweaafiiZ 

viasu~5uawisssnma"oa niului I ~u in  



A A 
TBBM 

naufioi? (~ierqlwai-nqm~vda) 

do~wuiaiamf 

%east4 

~nnrroa:w~.rwqnrr~IRnf 

f l l~~~l~w"pd< 

q ~ n i a ~ 8 ~ l d a u s l e r i u ~  

nmw~nn8o-ou~mai:nalu 

flisto?%a?plFm 

ni~%#d3:%u~Pdd 

qpnin~l~dr:Fud 

Sacred Basil, Holy Basil 

-- Ocimum sanctum Linn. 

LABTATAE 

iu-~qufiuduvumin PJ.~IIP:UTU 1-4 dm ~~mvo.rt~iuL:a~~L~~.r iivu 

iln5uvau 

%nr-lpr8Gera ivu  ~rner~aw7:kdaud~fluuorn ~prfiniuvou 

man-nanaan~fluda R:ul%flu?u 1 mhupliisls n8urnanlma 

~.a"Lu;mka:i7fi~ 

maam3 

dgnlbiv?ald2u~am?au . fluiauqu 

~ 7 9 ~ 7 ~ 9 7 ~  

Zum dau~prndunla 2dun.r~~ cimmhi7.r 1 
W7987 

"L G J , ~ . I E ~ M  <uau ~fidarnliiD.r ~~fiaummw ~~fi7n~gurn ~findu~iiuu 

aq~iuu 

9, 

maornw"93 



I I Tu, a:mi:d:(uaiy-nquai) 1 

Solanum torvum Sw. -- 

isask SOLANACEAE 



iornriru 

%o~wuiaiami Lasia spimosa Thw. 

doas6 

mh ~ d l o  GJinun: ~~K~u~udoaainGufln i3on qn'ln Fii~~naua:oouGu 

%iniia:h 6v"planun: 6ii7Pdaaa:lu iisaun0J"nrna"aIXa'anaion'u $i%fla"a 

naio i?uolf115!6 

ARACEAE 

nirlo?yr$uIm 

nis%4ds:Isvd ~ 1 9 8 1 ~ 1 %  

iiuuondou nondou vii'l4'qnnlono.r i~h?udrmmutSuh$ 

W I ~ U l  



Diplazium esculentum (Retz.) Swartz 

3oaaa" ATHYRIACEAE 







Bunii aim-aiuuinrgiu bulZuaauiain0alm (buret) m s n z m u d ~ ~ u a ~ ~ l i d ~ u n i i  
d d  Y  0 

! W L L M ~ U ~  (titrant) in~~~8dimd?u1n~v8d~1~l~~su(pln~Tnld~~~u1~uwo~n'p1a1siis1 
d Y Y  Y  9, 444 d 4 K  bis-rmsSmriznln!m~~~u~u ~ ~ n n a ~ u ~ v ~ v u v ~ ~ l n ~ i n s u & ~ i a ~ ~ ~ n d ~ n s u ~ n ~ n m v u  

(Stoichiometric) 
9 K  

2) d ~ n " ? u 1 ~ z ~ a ~ 6 n ~ u u 8 i l ~ s a m i ~ a  
- 2  

3) ~ ~ ~ ~ ~ ~ i i j ~ ~ n " ~ ~ ~ ~ ~ ~ ; ~ ~ a ~  mnuu 

isiaiuisc1i~Pi~~5nis!wiws(pl~0ni8u 4 ~ a B ~ 8 a  

1) nis!~ins(plnsmbiaziufl (Acid-base titration) 

2) n15?Vliw9(plbi~~l@ln(pl~n~~ (Precipitate titration) 

3) n i s ~ w i w s ~ i ~ u ~ i i % ~ m " m f l l s d s z n 8 ~ b ~ d ~ 8 u  (Compound titration) 

4) ~ I S ~ I M ~ R I I U U ~ ~ % U I ~ ~ ~ ~ ~ G  (Redox titration) 

d  w e ?  

iidlu$~azusndia$aiwwiznis1wins(pliLup1di~ui?mon.a ndu 
94s d d  

msbiws(pliiuudfin'?ui?monG i8u1J~nru1wmua6qn'un15iwinsnszni1tmr 
d o ,  w a s  d  9  do, s d 

$i8u~anon~!nmu(plasma.a m r d i 8 u & ~ o o n ~ ! n ~ ~ ~ ~ 1 ~ ~ d 1 ~ ~ ~ 0 i n n ( p l s o u d a u ~ a  



















(radiant energy) 1 ~ l f h 4 ~ ~ q l ~ ?  ddl (electrical signal) ~R$D~'?FI~~~~~~uPuu'I~~"UFJ~ 
P, Y 

I u ~ a ~ G u G  i ~ 4 d o I d G  

- TdbTaamBnl.aa6 nfsllu?looi-lmluoil.and (photovotaic or barrier-layer 

cells) 

- wa0m?ullfl4 (phototube) 

- wa8nbdTmGa~wa"u~o~i (photomutiplier tube=PMT) 

- m $ o ~ ~ u n d a u ' m ~ f i ~ 8 u ? m ~ o n  (silicon diode detector) 

5) IR~O-lVU1U-lllln~qql~11a:d%z913a~a (Signal Processors and Data Read 

Out) 

~ t u i r u d I ~ a ~ n ~ n P o ~ ~ m a :  ~i~db6u"in3zuaun15u~a~zuu~b~nn58~n ~ ~ X a m u o  

wnuo~ms?mnz&~onuiwaiu~db~u'iJ Tmud~ldl-~TiU 
Z d d  

5.1)UPaoj ( meter) i n i n a d i u n ~ n ~ d u  linear scale ila: logarithm scale uonrii 

absorbance bba: % transmitance 
I a w  

5.2)i%i@l0~~b@lbi ( digital meter) ~nulau0ni~am?8oon4~1lfiu~aabau u8ni1 
C( 

absorbance ~ f 8  % transmitance 74 5 8 concentration 
B  

5 . 3 ) m $ 8 d ~ ~ n " n  recorder ?If8 printer "1l4fl l~lf  Ol-?iuu spectrum w~ui6u"u'oqai 

issnislA wioa~uun31dif?X 
B d  A d 

5.4) m$8l micro processors H?O printer ~ 4 l d ~ ~ 5 0 . I ~ ~ ~ 1 5 0 ~ ~ ~ ~ ~ ~ ~ ~ 1 5 ~ 1 4 7 ~  

dl4 7 V O ~ I R ? O . I  spectrophotometer ~ f l l l n i 5 ~ 1 ~ 7 8 1 ~ a ~ ~ ~ ~ a 8 9  liiuunlid 

warnrnnaodw'u~~;qabba:wa"u8dni~nnaodd4wum?~ maonau~nimquo9 

ni-~Cm$84?$8au 

2.4.5 ~ ~ % ? I ~ ~ I ~ ~ ~ " P ~ ~ ~ ~ ~ I Q ~ L H ~ ~ ~ ' M Q ~ ~ Q ~ ~ I ~ ~ ~ ~ O ~ ~ - ~ ~ A ~ ? ~ Q L ~ ~ ~ C ; I ~ ~ ~ C ; I ~ ~ ' U C ; I ~  

(spectrophotometry ~ethod)" '"  

~w~n(11)mu1sovi1d~n"?u1n"ua1~f i~~nu~~~1n~~af1~1w aJu ~ , i o l l ~ u u  
d a a  w I W S ~ U  tiaz~n4n~fiuai~d~zn8~1~uam~auni~ 















3.6.1.2 %nia"arw~izPl"ooif i~1i~d~~dn~~aaiaa~aiu~aodi~8nF~a~~nia!m~mam~~uu 

J~iifiui?noo.j 

1) 0~dmaisa:aiuhodiaw"n~~t~~nis5insi:ili'a 10 vu'm u i ~ G ~ a z  50 cm
3 

i s n l r i l u u a m ~ d a u ~ u m  250 em3 d iuau  10 l u  

2) QiWd~uu~~llvldi ( ~ o t  plate) ~ u u ~ l z ~ n i s a z a i u ~ i a " ~ ~ u o ~ I X d o u  q 

numrnrazaiuaimuliffnaol~6 a.rldRq 4a:num ounrzbam8o. r  

uosmsazaiuwum"l ((nsazaiuozdduul9uii~iiuadoulnnq ouBqPa 

l i i l i i )  i1&anumIXuinin9uwo~n 1-2 nun  
d s  s 

3 d i m s a : a i u l n ' l 8 u a t o ~ d ~ ~ ~ l ~ ~ G f l o ~  r thRumrnza iuu lo rnasnnao 
9, v 

lsb.rldviui? 10 cm
3 w!i'ouvfqndilirq 7 k5.rl.r 2 u i l  azmn9nn:nou 

4' 
~ u i a u u  (6ili~n9mmznoui?6~ia i~am~iilRuaisazaiua~bmuod"anaols6 

Gou~n9uld i o q d i n i s ~ ~ a o q ' l n i )  

4) b ~ u n s R ~ a q a ? n  liiiu4u a9ld 5 cm
3 alaznrndoado?n 85% zn 5 cm

3 

a~uairazaiulmdw"ai~u<aTdbu~~ a4ld 10 nun ~ .do i f iu~u~ ln lmo5d 

5) i iairazaiuIui i io 4)ldl~a~sm5'uaisazaiuuimsgiuTd~amai~uulnTns 

6Um ~?l~l'h&.J$ 4 . 8 0 8 8 ~ 1 0 ~ ~  f l~$nd?Ulm4 i%$ l d 8 ~ 1 ~ d ~ l d ? 0 ~ l P l  

~n:n%uaisa:aiu~aodiqfin 

3.6.2 nia7~~aizciooiIPiui~d~oodnloaai~azaiam"aoeii~~aa~3- 'iLJarn~nIm~Tvlin~um~(''~ 

3.6.2.1 ?186~PaOf (reagent) 

1) mrn:mulnmrgiumh loo ppm 

: a 3 l l U  0.702 g V o d  (NH,),Fe(SO4),.6H2O Tfu'n~lFIl~un"n3~ 1Ui1 
9 p l d  

n t h  50 cm
3 IIX~LRU I cm

3 
V D ~  H,SO~ ~ i i i ~ ~ u  i i a i r a z a i u d ~ ~ ~ n u  

dfuimrlfiu I dm
3 

( m r a z a i u d  1 cm
3 

o z d u n  0.1 mg) 

2) al~a:alu*i~11l~u~$bm~mbsu"~iii~ld 25 g do 100 cm
3 

: a:mu 250 .OO ~ o ; I ~ ~ i ~ u u ~ i m r m ~ u i i n A u  1 dm
3 

d 9  9 
3) aisa:aiullnson$aiGululnrnaolsn~"uuvu 10 g do 100 cm

3 

: azaiu 10.00 g uoslanron$aiiiulsTnsnaolri (NH,OH.HCI) 
v I 

IuQl na"u loo cm
3 

4) n i r a : a i u o o ~ ~ s ~ 6 l u u ~ ~ r ~ 9 , a  ~iiiuh! 0.5 g do 100 cm
3 

9 , .  

: azalu 1,lO-phenanthroline 0.50 g % ~ i l f l a " ~  100 em3 I$U?%U 


























































