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ABSTRACT

A flow injection analysis (FIA) system with spectrophotometric detection was
developed for cadmium(II) determination. Cadmium(II) was determined based on the
formation of chromogenic complex between cadmium(Il) and rhodamine B with
potassium iodide (KI) in 0.10 mol L' phosphate buffer (pH 3.0) solution, yielding
a violet colored complex product (Cd(II)-lodide-Rhodamine B) with a maximum
absorption at 612 nm. The optimum values of chemical and FIA variables for
determination of cadmium(Il) were investigated by univariate method. The method
involved injection of 200 pL of standard or sample solution containing cadmium(II)
into a following carrier stream of 0.07 mol L™ KI in 0.10 mol L™ phosphate buffer
(pH 3.0) solution. Then, it was merged with 2.5x10™ mol L' rhodamine B solution
resulting in the soluble colored complex of Cd(II)-lodide-Rhodamime B in
the reaction coil. Consequently, the complex was carried through the flow-cell of
the spectrophotometer where the absorbance in absorbance as peak height was
monitored at 612 nm. Using the FIA procedure under the optimum conditions, the
calibration curve according to Beer’s Law was established over the concentration
range of 0.00-1.00 mg L with the regression equation of y = 0.824x-0.0137 and
a correlation coefficient of 0.9996. A detection limit (35) and a limit of quantification
(10c) were found to be 0.007 and 0.013 mg L' of cadmium(Il), respectively.
The method was very reproducible with the relative standard deviation for replicate

injection of 0.2 mg L' of cadmium(Il) standard solution of 1.08 % (n=11).



The proposed FIA method was applied to the determination of cadmium(Il) in
wastewater samples with a sampling rate 60 h™'. The percentage recovery of the added
cadmium(Il) in wastewater samples was 101.31%. The concentration of cadmium(II)
were found to be over the range 0.015-0.069 mg L™ which were in good agreement

with the results obtained from an ICP-MS method at the 95 % confidence level.

A sequential injection analysis (SIA) spectrophotometric method has also been
developed for the determination of cadmium(Il). The method was based on the
formation of chromogenic complex between cadmium(Il), KI and Rhodamine B,
yielding in a violet colored complex (Cd(II)-Iodide-Rhodamine B) in an acid solution
pH 3.0 with an absorption maximum at 612 nm. The SIA parameters that influence
the signal response have been optimized in order to obtain the best sensitivity and
minimum reagent consumption. The results showed that the concentration of
phosphate buffer pH 3.0, KI and rhodamine B solutions were 0.15, 0.11 and
3.0x10* mol L™, respectively. The aspirated volumes of phosphate buffer pH 3.0, K1,
rhodamine B and sample were 125, 150, 150, and 200 pL, respectively. The flow rate
was set at 175 pL s”'. A linear relationship between the relative peak height and
concentrations were obtained over the concentration range of 0.00-1.00 mg L™ with
the regression equation of y = 1.3968x+0.0146 and a correlation coefficient of 0.9997.
The limit of detection (LOD defined as 35) and the limit of quantitation (LOQ defined
as 100) were 0.005 and 0.010 mg L' of cadmium(Il), respectively. The relative
standard deviations (n=11) was found to be 0.16% of cadmium(II). The proposed
STA method was applied to the determination of cadmium(Il) in wastewater samples
with a sampling rate 50 h'. The percentage recoveries of the added cadmium(II) in
wastewater samples was 100.54%. The concentration of cadmium(II) were found to
be in the range 0.015-0.065 mg L The results were found to be in good agreement
with those obtained by ICP-MS method at the 95% confidence level.



vi

d' A a a d 1Y ax A % = =3 a % o Y]
¥oI30INNHNUS MINAUIT 1WA 0 UATUUALHAIUFEADUDATUFINTUNITH
UsunauaamonTag s Isatud
Y A aa Y 9
HIey YA ATITTU DIUNIY
USayan MedasurIiuga (1ni)
o a a Fl
a1sanlsnu Inentnus

s Ad A A o <
TONFANTNT1178 ﬂi.ﬁ'lﬂquﬂ LKA IUIDITANU

UNAALD

o o Ia v a o
IaimsianszunTatdunasuezus laga (ov'lee) Aiinsasiiadrealn
4 ) 9
Tas W TawasVuwiensumunadiou() Tagordonannisiugiuaesnisiilfnse
1 [ 4 1
sgruaalionnuTsa1liud uaziInunaiFonloTo ladegdre luaisazarenoala
Y 4 % 1A a I a ] 9
wles fow 3.0 Felinnududu 0.10 Tuadedas nailu lasmaBidouduie Faganau
d' dl Y o = A %
pegeganauenaY 612 niluwaes ladimsdniiangimuzauvosdinilsnig
= o [ a =\ Y ad a a an dyd =
winazmae leredmsunlsnaunaiionars3sginasion Fulnsdaasazaie
WasgILAalisnsomsazaeales 1 ntuaaion(Il) azateed Ysuiag 200 lulasaas
Y o =~ s Yy v 1 a
[Wgnszuaaamivesaisazats Inunadeu loTo laananududu 0.07  Tuadodns
5 4 Q 1 A @ usj
Tuesazarovleamaiiviles ity 3.0 Flianududu 0.10 Tuadeans vasnniuag
Y A AadAA Yy 9 4 1A a a g9

waunuasazate lsaluinlanududu 2.5x10° Tuaneans uazinadsiszneusidou
d? ~ [ 4 a 9 A 9 1 1 [ 4 SR A Y] 1
JuluFuentunsed dslsznoudeoud IdazgndeiulldsTiadwadnaginisasinian

A o I 1 A A A
maganauuad lasuladyanantuninnugaianannuenaau 612 i Tumwas 9100151
a a, { I
Ysuamaadisuaredson lerenieldanzimuizan lansnasgruduldawngues

o 1 A Aa @ 1T A a (Y]
iWes lugaenududu 0.00-1.00 Haansuaeans Taelaumsoanoaduduminy
Y

A

J 4 J 1w o o o @
y = 0.824x-0.0137 #1871 9158UAITININD 0.9996 3 Hnvasnadmgalumnsiviauay

v '
o @ o a L4

= a a = I
ﬂlﬂ’ﬂWﬂﬂ@nq@iuﬂTi'Jl,ﬂﬁ131’?L%QﬂiﬂJTﬂ!LLﬂﬂLﬂJEJ?JTIﬂUTNL

a o v

5
futu 0.007 uaz 0.013 Naansuao

a ) [ Qddyd 1 = & A ~ [ @ J v w
AT AUAIAY ITUUAMNULUUAUINFINUAIANWUVIUUVUUIATITIUTUNANDININY

Jd o o =

Ea~1 1 A Aa o 1 A o 3’ es/l
1.08 tosidud svsunaadsunianududuy 0.2 Taansuaoans MMsnaaogs1 11 as9)

@

Y o Aax ~ dy < o [ a =1 ] v : a9y [ <
"lﬂunﬁmv!"lamm GJJ‘LH"U“LJ?J”I?J?%Qﬂ@ﬁWﬂi‘]Jﬂ"l‘]JﬁJ"lmuﬂﬂmElllGLHGI’J@EJN‘LHL?{EJWRJ@@]TIL?’J



Vil

a 4 @ 1 1 o Yy A [ = A A
VINMIAUATILH 60 @19819¢0%1 1ud LAz laasosazmIaunauveaaalennauadly
[ 1 5' S 1 " v Y 1 LY 1 oy a A = 1 ] 9 9
A1 9N NINUIDYaL 101.31 wmﬂummmqmmﬂmmmmmgclumqmmmmu

A Aa o 1T A § a 4 a I~ { [ { Y]
0.015-0.069  Haansuasaas FanamidnzialeI s loeidluneensunszduai

J

A o < s A = = v ad A g
oUU 95 1Wosua L?J’EJL‘]JiEJ‘]JmEJ‘]_Iﬂ‘]J’J‘ﬁiJ”I@]'iﬁTWU’ENllf‘JGD’W-LmJLﬂﬁ

I IsdmuTeasuntuesuada (oalew) Nasrriadieisannlas I la
A o [ a = @ 9 an dy (% @ dy
wasdmsuliunauaalond) n15a5297a02925 001 eHANNITNUFIUUDING
a Aaaa 1 4 a a
melfnsesznituaaieon(l) Tnunmdeulo To'laa naz Tsaiiud inaaslsznosdou
=S Aa £ A A A Y o
dunluasazaensaifites 3.0 Faganauuaigagananueaau 612 wnluwas 1

A o o o o A quny
msmaangimngauvesinlsmaueda loehiinadedyananisasiniame1n ldeaam

] '
A A

fiafigauasiimaldenuddesiign Fanuihanududuvesleaatiiles fier 3.0
TnunawenloTo'lad uaz Tsaiiui Av 0.15, 0.11 waz3.0x10* Tuadeans mudis
USasimnzavvesasazareeamaiies ey 3.0 TmmaideonloTolad Tsaiiud
wazansaraIefie8d An 125, 150, 150, waz 200 lulasans awdidy sams Ivana 147

a 1A ~ o v I a 9y ' ~ @ Yy 9
175 vliJIﬂiﬁﬁﬁGlfJ’JuTﬂ AMNANNANANUTLFUTUISHINAITUGINANUAITVLUNUY

] I~ ] A a o a a
Trraanududuasaluriaanududu 0.00-1.00 Haansuaoans Taglaun1snannoeir
Y

v
adAaA v o

iy = 1.3968x-0.0146 arvarersaunas 0.9997 sdiiiiasinadigalumsaiinia

v
o w o a 4

(3 Fnu) uazuasinadigalunisunsgiiralsua (10 Fou1) 910U 0.005  was

E
1 agAaa ' 7

0.010 HaansuAeaAs uagnUINIBHIANULIUANINFlAIATsuUUINATTIUEUINT

[ S I J o [ 9 9 =] ~ A Aa o T A o oy
W10 0.16 1osiFua dMsuaNVINTHLAANINN 0.2 Jaansuaeans (11N15NAaoIs
ogj Y o Aax A o d? d o [ a =\ o 1 g; a9
11 A59) 'lﬂunmaﬁ”lmawwmuwumﬂizqrmmﬂsamTﬂsmmgmmmuiumamqmmﬂﬂ38
[ < a 4 @ (] ] Yy A o = A a
A3 UTBINTNUATIZY 50 dr081900%2 Tuaaz 1T seazmInunduvs Aoy NANa

Y v
Tudedrnhiauninuiesas 100.54 anwduduvewaamou(dl) Aasranuludledns

9
o = ]

[l A a o 1 A : a 4 a < ! [ {
Wndeegluse 0.015-0.065 adnsuasans Fawamsiasiziareisod lowilufivensun

Y A o I < s A ) ~ v ax an g
FLAUANWTDUU 95 BIRHEIE Llli’)l,‘ﬂiEJ‘]JL‘i/lfJ‘]Jﬂ‘].ITJ‘ﬁiJ"I@]i;@WH‘]J@Qlli’)GBW-Lﬂllli’)ﬁ



