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ais iad 3.3 drrmsmwmsarU89 Cd, CU, Ni, Pb laaz Zn 
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a Mean value (range), n = 2 

n.d. = non detectable 

o *  
- * 

0 2 4 6 8 10 12 
Hydrogen peroxide, mL 

n n w a n i a n ~ n o s w u i i i d o ~ ~ ~ n i ~ ~ ~ ~ ~ ~ ~ a o ' t d a d o ~ o o n ~ ~ ~  muison6a CU, c d ,  ~b iiaz 

Ni O I ~ ~ ~ R L B I U ~ ~ O ~ I ~ $ ! A O I ~ ~ ~ ~ I ~ ~ D O F ~ O ~ ~  Wet digestion (Id$ 3.2) 8si?niiid01tiuu6un13 

ar6a~nnzainmsazaiu~aoeiis~!Aoin~~sriouiauu Microwave digestion iarid3:~n~niwfl13ar~R 



A cia 
d3uim APDC i~u~abidanuanu~aiudi~~$o:d9wad8d3:~n%n1wn1~an"n^la~: 

i%esoinw~ni~u ApDc CBUIGUW mai~nifium3d5:noui~q~ir"ouvoq1an:i~num1uai3sr:sriu 

n:i~~lalinu;rd ~-ro:d.rwndodr:~in5niwuo~ni~nn"n~ap.1z uonoint~aoirnmao-rido-r#u 

wuii iiuriuGuii~~Gu'uaswi:Faw: cu iia: ~b I ilazgnGu l̂nn:6uIkinGou gaiu 

~ i i ~ u n ' o ~ d i l ~ ~ : ~ ~ ~ u n ~ u n 1 ~ a : a i u o ~ I u ~ d ~ ~ l i ~ ~ a w ~ o l u ~ d u o ~ n 1 ~ s ~ a z n o u i 5 ~ ~ ~ u n ' o u  

&oaffudr:lnimwlunisa,n"n~aw:Aau61un"ufiuii idlunsriiii~u APDC uininPuIll dium 

APDC ~n~:diw~oo~uinm~uwo8i8o:~di~~~~un"uniad~znoui~a~8uuo~~aw:n"u APDC 1u 
d A 

msiYu<udiuriuriu~ rao:d~waos:nulXni5d3:nout~~4ouQn~~~a"&aui~un"uGu~~&~~oaa 

k~uirii.lki~un'otw~iud3uim APDC iinui:nudiw?unisn~aoq Tnuluniannaudl4 

aimzaia APDC 1% WIV ~ J ~ U I A ~ E M ~ I ~  1 - 5 rnL i ~ u a ~ % u ~ i ~ a ~ a i u Z i l a n ~ " ~ ~ G n a :  20 pg iiw: 

~imsi~3i:6~1uns:uaufl13i3:~1~ub~"8 2.3.1 ~ a m 3 n ~ n ~ a n : i i a n ~ ~ ~ ~ ~ i  3.3 aGouriau 

<unisw~aotAIril+ APDC L ~ ~ L W ~ ~ I ~ " I I : T ~ W : ~ B ~ ~ I ~ ~ ~ ~ ' ~ ~ P ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I S I ~ ~  3.4 
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b a ~ : ~ ~ a ~ ~ d ~ w " o ~ w ~ 1 % 1 d 5 : ~ ' ~ 6 ~ ~ w f l 1 ~ f l ~ a 6 6 a ~ ~ ~ ~ ~ ~ a w : u ~ a a :  20 pg w n m s n n n o q i i n a a k  
A 

n1519$ 3.6 b~uds:~n%sliwunsfl15an"nbba:%:ba~.1:b~an9'i:nud1% Recovery ~ l u a ~ ~ 1 ~ 1 ~ ~ 1 f 1 7 5 n  

(3.1) ~ ~ ~ 5 ~ ~ ~ ~ ~ ~ I ~ ~ 9 % ~ b ~ ~ ~ 1 ~ ~ 5 l b $ 2 " ~ 0 9 ~ 1 5 ~ l ~ ~ l 5 ~ ~ ~ l ~ % ~ ~ ~ 9 $ ~ f l ~ 1 ~ ~ ~ W ~ ~ ~  

d5:~w~rnwue.rm5an"fllaM:M~fl l n u  % Recovery o d l u i 2 9  95-104 %  din?^ Cd, CU, Ni bin: 

1 4  A 
Zn % u ~ a : $ m 5 5 ~ ~ 1 1 : d  ~b & J R S I T ? H ~ $ ~ U Q I  %9Rifl~ib~uWauloInnla:$ufunoun15%:d$91~ 

mpn:nu ~~~u$unl~nnae~iin1do:$~~~rj1b$a$un1~ilua1sa:a~uGaoi1~u 10 mL/min i d o  

an5:u:b2al%un15?lRa09 

% Re cov ery = 
spiked 

Elements ~ e c o v e r ~  a, % 

Mean value + SD, n = 3 

4 4 

3.2.4. R ~ V B ~ ~ ~ O I I B I  APDC ~i~~a:an~a71~ni~an"5;1ba~~~~1na1~a:a1~1n"a~~1a~d~dai 

~ 1 s b n l n ~ u i a l d ~ o ~ 1 5 ~ ~ a ~ o ~ d ? ~ ~ i ~  APDC $14 d 9 $ u ? ~ r n 5 $ i 1 ~ a u o ~ i f i n ~ ~ ~ ~ u  
A 

tT1cdfi:tlIU APDC b{u$~ 1% w/v aMd?BJl@l5 1 mL a 9 % ~ ~ 1 5 ~ : t l 1 ~ 6 2 8 ~ 1 9  50 rnL T ~ R I S L ~ ~ B ~  APDC 
" dd3 

1 n n r ~ u w o s i o o : l l i r i ~ ~ a ~ ~ d ~ j : ~ ~ ~ n 1 w " ~ o ~ n 1 5 a n n n ~  rau&i$urnsdad~as  radoi191sB 

mud?uim A P o c  ~~5~:b~~SW~dlM?U~15b6~b~UtT15d5:flDUb~9d~~~Y1~M:M-'9MBJ~$~~%U 

mrn:airr ~ ~ ~ u ; ~ ~ I ~ ~ I u ~ Y ~ ~ ~ ~ ~ ~ M I I J ? ~ I ~ ~ ~ M B J I : ~ ~ " u D ~  APDC $I$ 1 ~ f l 1 5 n a a e . r ~ ? ~ i n o m  







mnad 3.8 Recovery v8a1aw:bdniimsn~e\Faw:~1na(lsa:a1u~a~i1ad~ p~ 5 (1 pg u~s%an:  

Cd(II), Cu(II), Ni(II), Pb(I1) LLa: Zn(I1)) . 

Elements Recovery ', % 

3.2.6. m%(;l%3~~8~ll;l3l~~~fi&%09"a~ (Method validation) 



d d 9 A  p a s  u o a i a u ~ n $ r l ~ e $ w W ; ~ a o i ; $ ~ ~ n ~ w i ~ ~ u ~ z a u i ~ ~ $ u n i r ~ ~ ~ u . ~ a w z  i ~ a z u o n a i n ~ f i i r a z a ~ u i  
LY 4 'l~d?unmw&wmas~z~~olnu~~$n~~8an'un1saza1u6ao~1a~0z~1unoa"u~na"ao1n~~d~au 

un$aodiaiiu %I pH ~ 7 8  n?lui i59~0.1!00~~ (Ionic strength) ~nbiun"um5azniu$aoeiia d u  
9 w  d 1 4  Zu ~331 1 u a 1 u a ~ u ~ ~ ~ ~ n a o a ~ $ u ~ u n ~ ~ n 1 s ~ ~ u ~ n 1 ~ w ' ~ d ~ a ~ o a ~ 1 u ~ u ~ u ~ f i o u 1 o z g i i 1 n 1 ~ a ~ n  

u 4 

~anz~adllarnrazinu$aoiia ~ n u i b o n ~ ~ n ~ r n z a ~ u ~ ~ ~ ? u d % n m w w ' u w a i ~ ~ o z ~ ~ n ~ ~ i a z ~ p l ~ u  

XaufidLldoiiieulu~Cuuoz3~nm dou~ozci~umrnzmu$aoelia~~~giiini~nn"nTanz 

d l 4 d  d o .  9 9 -  
i ~ ~ : i W d o i ~ ~ n ~ ~ d ~ e u a i a ~ m s n u ~ ~ ~ u o r n u ~ r o ~ ~ ! d l a ~ n n s a  i n ~ u o z ~ a ~ g i i i n i r  

n5?Qn~u~1~1~~~!~"u8~?~fl i5?b~51~$dt iou (Method validation) ~ ~ ~ ? ~ f ~ ~ ? l ~ 5 1 ~ ~ ~ 1 d ? ~ l o l  
Y 1 

4 w  6 4  

lanz~i~~nu~luaiuaouub~u~inni~in~uu$a~giia~doda~ nirnn"nTanzXau~dn"uoai~~a iiaznis 
9 

arnsizimid?uior&au FAAS w ? ~  GFAAS ~ ~ u ~ r i ( m z ~ 0 u n $ ~ i i ~ ; 1 a z ~ u m o u 6 a ~ o " b d ~  

Y Y 

bu"unopani~an~uu$aoeiia~~odai 

w'l~d~~mam~1ui1w~ni~ipdpd~~a~~b~uq 1.0 g ~ o l ~ i r a z r n u u i n r ~ i u ~ a ~ :  cd ,  CU, 
Y 9 

Ni, Pb LLtE Zn aaYdI~iSoda1 ( T ~ W S ~ :  1 pg) 0ln~ui~~n5~!~~?nl6u"%)6v*M 2 mL llaa!8l~560~ 

idoionn!.adi 30% "o 2 z rnLi~~a~nu!d(i~u$auin~oa!uTn~iad d?u PH uoamsaaaiu6aoeiia 

p~ 5 ~ a u m 5 a z a i u i i o u ~ u ~ ~ u u ! ~ n ~ o n ~ ~ d i r i ~ u i o z ~ l ~ u s ~ ~ u i n ~ ~ n ~ " i u " u ~ ~ n i ~ : a i u  

630dl~%61~~ 50 mL 

~unoumrn~~an:bbazni~?bnsiz~d?uia. 

iGuni5a:aiu APDC iGu6u"u 0.1 %W/V d?uins 1 mL a~Iuni~azaiu$a~(i iad?uin~ 50 

mL i ~o1~ i i i n i~un i rd5~nou~~a~~u"~o~~an :n "~1  APDC f;oui~zd?n15Hn"n8auidfl"~8qbi~9 

oiniumn?uunoguPddidn"u8aab$q ~ n u m 5 ~ 5 1 ~ d i u & C u 6  0.1 g aaIun0a"uUd 'iifmd?~nmw 
LY s 9  9 .  &wadiunirCu6Zaunisciipdoz3lmud?uins 5 mL 1~azfidde~bb~uhub~uuoz~bm~a6~u"uu 0.2 M 

(PH 5) 0in~u~1un1~~:a1u6ao~1a~~~1rd~zn~u~~a~ou"uoa1an:aanoa"uUd~au~n1n1~~wa 

10 mLimin biaz%:1a~zdod1~floa"u6~au~i~a:aiern5R!un? '1 M IUDS$TRU~?UIR~ 10 mL 

h u b n m s l n a  0.6 rn~irnin d1m6a:mu~!~0inm~rzu1r:bnu~81~a~1aza1uoonou~d?u1nr 

d5zuior 1 mL iba:d?ud?uin%IX~fiu 5 mL %u"~n~nPl?u1~~$aun1~a:a1un~nlun?n~Gu6u"u 1% 

~iwi5azmo~1n"!d~bn~iz~nid?uior~awz&au GFAAS 

dinisimsi:6$iiia:diwaaii % Recovery %RSD id~n~a~n~unaiub~~juiia:naiu 

1$ua"uo3i8rnriansi:$ ~ ~ u b ~ ~ i u ? ~ ~ ~ ~ ~ i n " ~ ~ i 4 ~ ~ p d ~ i 5 ~ b ~ ~ i : P A d  (Method Detection limit, 



MDL) 0inin$1i in~i~n~o~ni3?~n57:$&au~n~o9~o (Instrument detection limit, IDL) i h T o l n m 5  
9 

aanzi : . ;p"winaiu~.o"u.o"u"~o~~a~:~u~i~a:a i~~i~  Method blank Inu IDL i )z i~i f iua iubM"I~o9di  
9, 9, 20, 

i ~ U ~ L ~ ~ l n ~ ~ 2 i U V ~ ~ ~ ~ l ~ i V ~ V ~ ~ ~ ~ ~ ~ ~ l ~  Method blank ~ ~ L ~ ~ . ~ ~ ~ ~ I u ~ N ~ u ~ % J ~ I J ~  (3.2) 

aka: (3.3) ~an13wnaassbanq&qa1siq$3.9 

IDL (pg/L) = 3 x SD method blank (pg/L) (3.2) 

MDL = IDL(pg/L) x V,,umt (L)/weight of sample (kg) (3.3) 

bnu v~~~~~ ba d?u~~l~uo.16~.azd1~pdnis~z"i,a~:oonoinno~u &%u'i"bnisGo 5.00 mL 

a Mean value f SD, n = 4 

% RSD = (SDx 100)lmean value 

oinwannwnaoawuii %Recovery ua9 ~b iWd~dll88% IUVIL; Recovery uoq1an:nla 

o"uei~uni?a 82 - 101% i 1a : i io~o i~~na1~L iu91un13~~n~1z . ;p"  (Precision) g i n  %RSD v l u i i o ~ i j  

dioiluniaa 0.6 - 15.3 % hnur i1na1uidui~azna1~~i~u~"~~~ni~?ins1z6~u~uYu1&~1n~un1z 
4 A 
a ins7zdd iu i su Iawz  [MI a~nn.r&sniri.r$3.10 ~arsinwarnr~nao~wuhnaiuiiiuuo.rnis 
4 9 , -  u 
3In51~6oi%U~:~i~iuou?u!n Uuno %Recovery B ~ ' I u ~ ~ . I  80-1 10 L L A : ~ U ~ O W ~ W ~ W ~ ~ ~ I % I ~ ~ U ~ I U  

9,dr u n i P i m n z 6  wuiinaiuidur1umsi~nziz6 cd ,  Ni, ~b iiaz Zn ni ' lusz&~uou?u"h uuno 

%RSD l i i k  11% lsd.uoa:~n13?an3iz4 cu ~~naijnaiui~u~%unisiinz1:6~1Lia:$1~3u~oa 

~ n ~ i i o ! d  ido~s~~tuio"ain~in"nRi~n~o~ni~?inz1:6 w u i i ~ i ; m z ~ d i r n u o ~ ~ n ~ i ~ n ~ i ~ n " u o ~  

msiinnzGoiTuim lo  - 13 pgikg aiadrn 



' 9 ,  9, 

fl1314; 3.10 Recovery 6m:nal~6~~4~0~m3?bn31:PAd~~8U~~~~unl3?~fl37zg;P"fll~in3l~~~u~u 

Analyte, % Analyte ratio Unit Mean recovery, % RSD, % 

100% 

10% 

1% 

0.1% 

100 ppm 

10 P P ~  

1 PPm 

100 ppb 

10 PPb 

1 P P ~  



Pb / seafood / Polyurethane polyurethane foam loaded I Online 

System 

/Instrument 

Ni, Co, I / aldehyde, 1,3 propan diimine (BSPDI) I 

Material Element 

Fe, Cu, 

& 

Sample 

Fish tissue 

Co, Cd, 

Pb, Mn, 

Cr(III), Ni 

Pb 

Cu 

with 2-(2-benzothiazoly1azo)-2-p-cresol 

activated carbon loaded with bis salicyl 

Canned 

fish 

Plant 

Ni 

/ FAAS 

FAAS 

sample 

Food 

(bean, 

Cd, Cu, 

Ni, Pb, Zn 

a abns1: i~ist : i1~am61l~~lG method blank 

LOD" 

(clgn) 

1 .O 

0.02- 

0.80 

0.37- 

2.85 

1 .O 

1.1 

1.1 

2.0 1 - 

2.68 

Bacillus thuringiensis var. israelensis 

immobilized on Chromosorb 101 

octadecyl bonded silica membrane disk 

peanut, 

soybean) 

Food 

(spinach 

leaves, 

b d%l ad 

i iuambnula' LOD oin method blank 1 r n : a ~ ~ ~ ~ u ~ ~ ) l ~ n ~ a ~ d 7 a 6 1 ~ 1 u n i ~ ~ b f l ~ i ~ ~ a a u a ~ n 1 1  
(Y 

GUY 'Fl18J~SJfl13 

FAAS 

FAAS 

modified with Cyanex302 

Arnberlite XAD-2 functionalized 

with f3-nitroso-a-naphthol 

rice flour) 

Fish tissue 

FAAS Flame atomic absorption spectrometer 

LOD~ 

( c l g k  

sample) 

17.5 

0.56- 

0.66 

2.96- 

22.8 

20 

- "  

- 

0 . -  

13.4 

,Online 

FAAS 

Arnberlite XAD-2 loaded with 

2-(2-benzothiazo1ylazo)-2-p-cresol 

(BTAC) 

OnlineRAAS AB 3 ZUU preconcentration d d B 6 6 ~ U  online f%ILfl<89 Flame atomic absorption 

Ref. 

[35] 

[36] 

[37] 

[38] 

[391 

~401 

9 1 ~ 5  
9 

%JG 

Online 

FAAS 

Activated carbon 

spectrometer 

GFAAS 
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