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ABSTRACT

Various vapor generation systems for the determination of Cd by VG-AS
have been eval uated in this paper, including KBH,-HCI, KBH,-HCI-Co?*-
thiourea, KBH,-HCI-Co**-8-hydroxyquinoline, KBH ,-K Fe&(CN) -HCI-
NH,OH-HCI and KBH ,-HCI-Nal O, systems. It was found that the opti-
mized chemical parameters for various vapor generation systems were
keep at the same levels. The effects of recommendatory enhancers such
asCo?-thiourea, Co**-8-hydroxyquinoline, K Fe(CN),and Nal O, were stud-
ied and the results revealed that the enhancers did not improve the vapor
generation efficiency of Cd besides thiourea-Co?. The sensitivities, pre-
cisions and detection limits of various vapor generation systems were
tested and the use of KBH,-HCI-Co*-thi ourea system could obtain higher
sengitivity, better precision and detection limits. In addition, the use of
thiourea-Co*, viz, KBH,-HCI-Co*-thiourea system, could reduce thein-
terferences from some coexisting ions.
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INTRODUCTION

Chemical vapor generation(CV G), asamethod of
sampl eintroduction in atomic spectrometry, isconsid-
ered asan effectivetechnique and hasbeen inwide-
spread usefor nearly 30 years*2. Chemical pre-sepa-
ration of the ana ytefrom matrix, moreefficient sample
introduction than conventional pneumatic nebulization
of solution, good detection power and high sensitivity
arethemainadvantagesof thetechnique. Inrecent years,

thistechniquehasrapidly devel oped and other e ements
have been appended to this group®1°, Pohl112 re-
ported thenovel developmentsinthechemica VG of
volatilespedesof thetrandtion and noblemetal sthrough
thereaction of NaBH, and theadvancesinthe hydride
generation atomic emission spectrometry.

The development of the sensitive method for the
determination of trace cadmium becomeoneof thein-
terested research areasfor itstoxicity and low concen-
trationinrea samples; and the hyphenated vapor gen-
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TABLE 1: Literatureonthechemical vapor generation syssemsof cadmium

VG system Spectr Generator VG conditions Analytical I nterferences Comments Ref.
conditions performance
VG-NDAFS In agueous sol ution LOD 0.2ng Serious At 40°C, improves
Ar-H, Acidity: pH=2.15 mi(AFS) interferences __ Sensitivity 3-fold vs.
mini-flame Batch (1ml sample) 1ng mIY(AAS); from by Ni2* 25°C, then decrease above
NaBEtsacid VG-AAS Tvoe A 1.0ml of 1% NaBEt, RSD: 4% Co Cﬁy and 50°C; [13]
QTA P Reaction temperature:  (n=5.5ng 1™ Cd); 3. 1 Usingtype A vessel
(flame- 40°c linear range: U ?t e\}gg/ml improves sensitivity
heated) Carrier gas: Ar 1.21 min®  0~40ng mi™ 6-fold vs. type B
In organic medium Blow 40°C the reaction is
(DMP); 2ml of sample | 5y g 4 283% ?ri\r/\éeiesnaﬁ?nﬁ
solution in DMF; 2ml of -+ Ng . ;
NaBH;-HCI-D VG-AAS 1 . . my 2.6 ng increase in background
DTC In QTA 1.8mol I HClin DM oo™ gy with increasin
: Batch  3mlof 7% NaBHgin . on 5070 N9 g
organic (flame- DME: in bresence of linear range: temperature; the
medium heated) ¢ -p . 0~120ng generation of the hydride
DDTC,; reaction d -
ey is faster in the presence
temperature: 55°C;
Carrier gas: N, 2.2 | mi it rather than the absence of
e DDTC
Operating at lower
In surfactant organized temperatures for HG can
media provide afurther decrease
Acidity: 0.4mol I (flow  LOD Ingml™  Interferences  in detection limit for
NaBH,-HCI-D VG-ICP-AES Continuous  rate 0.75ml min™); 4% RSD: 2% from Ni%* and  cadmium; the 'vesicular 34
DAB flow m/v NaBH4in 0.1% m/v (50 ng ml™) Zn* a 50 ug HG' technique proposed
NaOH(flow rate 0.75ml mi™ level offers five times better
min’%); DDAB 102 detection limits for
mol I cadmium than
conventional nebulization
In aqueous sol ution; In the presence of
acidity: 0.24M HCI (flow thiourea and cobalt ions,
rate 5.2ml min); 5%m/v Interferences the sensitivity of the
. 0 _1 . . .
C‘;?Tt“hlt')ﬁr'ea VG-NDAFS ]llr‘;,evrg;gtr “EH msgﬁti/gr:/v on LOR%S Egzor}gl frgb”zlcl‘;:; ';‘j;: ﬂﬁiﬂﬁﬁ'ﬁ?g&ﬁ% [35]
(flow rate 2.6ml / min%); (n=115ng mi™*Cd) A efficiency of the volatile
1% thioureaand 1mg L™ ) cadmium species greatly
Co?"; Carrier gas depends on the type of the
800ml min™ generator
A comparison between an
organic reaction medium
. LOD 0.05ug 1™ and an agueous medium
I.n aqueous solution RSD 3~4% has shown a similar Cd
NaBH HCI CV-AAs . Fow - Addity: IM HALSml g0 oy response; The HCl [36]
4 injection min™); 4% m/v NaBH, in Li ) b
19 NaOH(15 ml min?) iner range: ~ concentration isan
' 0.5~6ugl™ important parameter; a
higher HCI concentration
is needed.
In aqueous sol ution;
KBH-K3 acidity: 0.2~ 0.4 M HCI; LOD 11pa mi-: The liquid-gas separator
Fe(CN)q 4% mivKBHin0.4% oo P Interferences ismodified with
-HCI-NH,OHs m/v KOH; 3ml of sample 2257 from Fe®, Zn?', dimethyldichlorosilicaane
HCl CV-AAS  Balch o i of KBH,; 3% (N9MI Cdn=7) T o ot The modified liquid-gas 132
m/v K3Fe(CN)g; 1% m/v Liner range : 1 separator can improve the
' 0.011~2ng ml®

NH,OH-HCI; carrier gas
N, 0.8~1.01 min*

precision

eration atomic spectrometric techniques haveattracted
great attention for Cd determination sincetheearly pa
persby D’Ulivo™ and Cacho*¥. After the early pa-
pers, about 40 more studieson VG for Cd have been
reported™>33 and the early literatures have been re-

viewed by Lampugnani et d°. However, thechemicd
vapor forming characteristic of Cdisdifferent from of
theclassica hydride-forming eementssuch asAs, Sb,
Bi, Ge, Se, Te, Pb, etc. Inthepreviously reported lit-
eratures, severd attempts have been madetoimprove
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VG system Spectr Generator VG conditions Analytical I nterferences Comments Ref.
conditions per formance
The following
ions at The enhancement
L milligrams per  reagents are crucid to
In_aque.ous solution; liter level donot  the chemicd vapor
Acidity: 0.36-0.38 M 1 . : '
. . LOD 10 pg ml resultin generation of Cd; the
HCl; 2% m/v KBH,4 in . ) .
24 ) RSD 1.7% interference:  presence of trangition
KBH4-HCI-Co™'- | . 0.5% m/v KOH; > 11cd Fe™(50)- 4 ionsinthef f
8-hydroxyquinoline  VG-AFS ntermittent 3mg1? (2ng m . ez+( ) met lonsin the form o [19]
flow reactor R n=11) Liner Zn~(20); meta borides catalyzes
8-hydroxyquinoline cr¥(5): sn?* he hvd :
and 1.0 mg "t Co*"; range 1 r3+( )’. 2ty the hydrogenation
Carrié as Ar 300 rﬁl 0.2~20ngml™ As™; Ni“"(2); reaction; rapid reaction
grni i Te®": Hg**(1); and phase separation are
Se™, Cu?*(0.5); also very important for
Bi®, Pb?"(0.2) thevapor generation.
and Ag*(0.1)
X* or X" reacts with
Cd?*or CdH,(from
hydride generation
process) to form
In aqueous sol ution; Ref 20 Interferences  CAXa(or CdpnXp) and
acidity: 0.4 M LOD 10 pg ml'lfrom Fe** at 1ug thus producing volatile
HCI (flow rate 5.0ml Liner range mi level. Cu?* cadmium -containing
sy -1 ’ : .
min~); 3.5 m/v KBH; 0.01~4ngml at 0.3ug mit species and enhancing
NalOs-KBH,~HCI- Intermittent in 0.56% m/v Ref 33 Ievé i‘sy a the intensity of atomic [20
(Co™) VG-AFS ¢ - eactor '<OH(O.1M, flow rate LOD 35pg mi* 0.2ua mi™ level fluorescence of 33]’
32mi min®):25%  RSD 4.84% S'eﬁ%n AL Cadmium; thesignal is
m/v NalOz insample  ( 31. 72 ng/g 0.25 I not significant under
solution; carrier gasAr  Cd, n=12) | eI “3 g2+ cold vapor mode; the
400 ml min™, Liner range '€v€ an 1 & maximal enhancement is
O~4ngmit 0-3nugmi™level. oe than 10-fold; the

order of the sensitivity
enhancement effect isas
follows: NalO; >
NaBrO;>NaClOs.

Cd vapor generation efficiency and devel op aseries of
Cd chemicd vapor generation sysems(TABLE 1); and
someof theseliterature datawere muchincons stency
or even contradictory.

Theam of thisstudy wasto eva uatethe chemical
variables, performance characteristicsand interferences
of variousvapor generation systemsfor the produce of
vol atile cadmium specieswith same vapor generator
and under sameworking conditions; andinan effortto
reved theadvantages and di sadvantages of each chemi-
cal vapor generation system.

EXPERIMENTAL

Reagentsand chemicals

All the chemicals used were of the highest purity
availableand of at least analytical grade. All theglass-
wareand plasticwarewere acid-washed with 20%(v/
V) HNO, and rinsed with ultra-purewater. Ultra-pure
water, obtained usngaMilli-Q sysem(Millipore), was

used throughout.

A1000mg | stock standard solution of Cd(Il) as
nitratein 2%(v/v) HNO,(Nationa standard material
center of R.P. China); 1000mg |- stock standard solu-
tions of As*, Sb**, Bi®*, Hg?, Se, Te*, Sn?*, Ge*,
Au*,Agf, Cu, Pb*, Zn?*, Co?*, Ni%*, V=, Crt*, Ga**,
Fe*, Mo®", Mn? were purchased from National stan-
dard material center of chinafor study ontheinterfer-
ence effectsof foreignions; and the concentrations of
Cdweredetected by ICP-M S and ensured cadmium-
freeinthosesolutions; KBH, solutionswere prepared
daily by dissolvingthereagent(Tianjin Indtituteof Chemi-
ca Reagents, China) inthe solution of 0.2 %(m/v) po-
tassium hydroxide(Xi’an Chemical Reagents Co,
China); thiourea(Xi’an Chemical Reagents Co., China);
8-hydroxyquinoline(Beijing Chemical Reagents Co.,
China); All minerd acidsused wereobtained from Xi’an
Chemical ReagentsCo.

Working standard solutionswere prepared daily
by three-stage dilution of the 1000mg | stock solution
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TABLE 2: Analytical performancesfor thedeter mination of Cd with variousCVG systems

Reaction system

Hot atomization Cold atomization

Calibr. functions®

K BH,-HCI-Co**+thiourea R.S_D.b(%)
D.LS(ngml™)
Calibr. functions®
KBH4-HCI R.S.D"(%)
D.LS(ngml™)
K BH,-HCI-Co?*- Calibr. fupctions‘a
8-hydroxyquinoline R.S.D(%)
yaroya D.L(ngml™)
Calibr. functions®
Nal Os-KBH4-HCI R.S.D"(%)
D.L(ngml™)

18=1415.1C5+21.3 14 =583.1Cc&-11.2

0.98 0.76
0.004 0.003
14=972.0Cs+17.6 I8 = 381.7Ccs5-8.1
1.2 1.6
0.010 0.005
I = 953.4C,°+9.2 I8 = 367.5Ccs+3.2
1.2 1.8
0.012 0.005
I8 = 717.3Cc+1.7
2.3
0.018

aBased on the five experimental points for the calibration curve; *Relative standard deviation for 1ng/mi* Cd(n=7); 3G, , of 11 runs

of the blank; “Signal intensity; *Concentration(ng/l?%).

with acid-matched diluted HCI.
Apparatus

A mode AFS2202 double-channd non-dispersive
atomic fluorescence spectrometer(NDAFS, Beijing
Hanguang Instrument Co., Beijing, China) was oper-
ated under conditionssummarizedin TABLE S1. A cad-
mium hollow cathodelamp(HCL), whichwasspecidly
designed for AFS, wasused in thiswork. Using this
lamp, experiment showed that theirradiation intensity
was increased 3~5-fold and the detection limit was
improved 2~3-fold. A programmabl eintermittent flow
hydride generator, as described previously was used
throughout the work®”; and the working program of
theintermittent flow reector usedinthisworkislistedin
TABLE S2.

Procedures

At thebeginning of first step, the sampling tubewas
placed inthetest solution, and then the pump propel led
the solution into the storage coil. Second, the pump
was stopped for 3s, thusalowing the sampling tubeto
be changed over to the carrier solution. At this stage,
thesamplegtayedinthe storagecoil that wasinfront of
the mixingjoint of the manifold and consequently no
reaction occurred between the sample solution and the
reductant. Third, the carrier solution was propelled,
pushing the sample and the reductant into the mixed
coil and gas-liquid generator. At thisstage, thevolatile
specieswereformed and transported to the quartz fur-
nace. In ahydrogen-argon-air entrained micro-flame,
the gaseous mol ecular compoundswere atomized and
determined by AFS. After thethird step, thepump was

stopped again and made ready for the next determina-
tion.

Samplepretreatment

0.2ml of whole blood reference materia was accu-
ratdy transferred and placed ina25ml beaker, towhich
5ml of concentrated nitric acid was added. Covered
with glass and soaked for 6~12h. After that, 1ml of
perchloric acid was added and gently heated on ahot
plateuntil whitefume appearance. After cooling, washed
thewall of beaker and the glasswithwater and gently
heated to dryness. Then, 3ml of 1.2M HCl wasadded
and gently warmed. Finally the suitableenhancers (in-
cluding Co?*+thiourea, Co?*-8-hydroxyquinolineand
Nal O,) were added; and the solution wastransferred
intoa10ml volumetricflask and diluted to volumewith
water.

RESULT AND DISCUSSION

Theeffect of chemical variables

Theliteraturedatafrom TABLE 1 shown that the
chemicd variables, viz., concentrationsof HCl and BH,
werelargely scattered whilethe use of variousvapor
generation systemsfor the produce of volatile Cd spe-
cies. Firstly, thechemica variableswereoptimizedin
order to evaluate the performance characteristicsand
theinterferences of variousV G systems. Optimization
studieswere performed under the samevapor genera-
tor, gas-liquid separator and operating parameters. The
potassium hydroxide concentration(0.2%, m/v) was
kept congtant for different reductant concentrations, and
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TABLE 3: Comparison of the effects of coexisting ionson the gener ation of thevolatile Cd specieswith different vapor

gener ation systems(n=3)

Signal change(%)

Coexisting Concentration

; 3 KBH,-HCI- KBH,-HCI-Co**-8
ions pg ml KBH,-HCI CoP +thiourea “hydroxyquinoline Nal Os-K BH,~HClI
Ag 0.025 -39 -33 -37+2 -20
As* 1 +3 +2 +3 +4
AU 0.05 +15 -13 +12 +13
0.10 +6 -25 +6 +5
o 0.25 +25 +3 +3 +11
1 +3 +2 -7 +21
Cré* 1 -32 +2 +2 +3
0.10 -24 -5 -11 -6
cu** 0.2 -46 -14 -21 -13
0.5 -85 -39 -46 -32
0.25 -14 +2 +2 +2
Fe* 2 -62 +3 -6 -23
10 -78 +3 -47 -56
50 ND -7 ND ND
Ga** 1.0 +30 -8 +23 +11
Ge* 1.0 -12 -8 -10 -10
Hg** 1.0 +2 +3 +2 +2
Mo® 1.0 -13 -7 -12 -13
Mn?* 2 +3 +2 +2 +1
0.25 -15 +2 -4 -5
Ni2* 0.5 -32 +10 -7 -8
1.0 -58 -6 -13 -17
P 0.025 -37 -25 -26 -28
0.050 -51 -37 -43 -46
& 0.1 -6 +2 -6 +2
1.0 -63 +2 -37 -13
St 1.0 -13 +£2 -9 -14
S 0.2 -8 -5 -6 -6
1.0 -42 21 -35 -34
T 0.2 -80 -58 -75 -70
VA 1.0 +40 +4 +10 +28
zn** 5.0 -49 +2 12 +2

theratio of sampleflow rateto reductant flow ratewas
2:1inthisstudy. Theeffectsof two parameterson pegk-
areasgnd for Cdareillustrated infigure 1(ab,cand d).

Fromfigure1l, it can beclearly seenthat the opti-
mized chemical parametersfor variousvapor genera:
tion systemsarekeep at the samelevel s. Using 3%(m/
v) KBH, asreductant, the optimum acidity is0.25~0.3
mol I HCl; and using the higher concentration of KBH,,
the optimum range of acidity can be shifted to ahigher
vaueand obtained awider range. Using 5%(m/v) KBH,
asreductant, the optimum acidity is0.30~0.45moal I
HCI. Themolar ratio of reductant-to-acid input rates,
[BH,]:[H"],is1.1to 1.5-fold, whichissimilar to the
reported date by Lampugnanit™. At higher KBH, con-
centrations(>4%), the fluorescence intensity gently

drops dueto dilution, aconsequenceof theincreased
hydrogen productionand shorter resdencetimeof vola:
tile cadmium speciesinthe atomizer; Inthiswork, 4%
KBH, was used asreductant and 0.3mol I HCl was
chosen astheoptimd acidity for al chemica vapor gen-
eration systems.

These resultsas well asthe literature data from
TABLE 1 may appear inconsistent. Garrido™® reported
that themore “vigorous” conditions, such as at higher
acid concentration(1mol I* HCI) and higher NaBH,
concentration, were needed to produce volatile Cd
speciesin an aqueous medium. However, experimenta
results show that the “milder” conditions can also pro-
ducevolatile Cd species.

Concentration of Cd 2ng/ml*; (a): KBH,-HCI
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Figure1: Effect of HCI concentration and KBH, concen-
tration (m/v) on the cadmium atomic fluor escencesignal

chemical vapor generation system; (b): KBH,-HCI-
Co?*+ thioureachemical vapor generation system, the
presenceof 1ugml* Co?* and 1%(m/v) thioureainthe
final test solution; (c): NalO,-KBH,,~HCI chemical
vapor generation system, the presence of 2.5%(m/v)
NalO, inthefina test solution; d: KBH,-HCl-Co*-8-
hydroxyquinolinechemica vapor generation system, the
presence of 1ug/ml* Co?* and 2ug/ml* 8-hydrox-
yquinolineinthefina test solution.

The influence of enhancement reagents on the
gener ation of volatilecadmium species

Since Cacho et.al.™ found that diethyldithio
carbamate(DDTC) showed apositiveeffect onthegen-
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Figure?2: Effect of enhancement reagentson thecadmium
atomicfluorescencesignal. Concentration of Cd 2ngml;
0.3mol I'*HCI; 4% (m/v) KBH, in 0.2% (m/v) KOH; (a):
KBH ,-HCI- Co**+thioureachemical vapor generation sys-
tem; (b): Nal O,-KBH,~HCI chemical vapor generation
system; (c): KBH K, F&(CN),-HCI-NH OH+HCl chemi-
cal vapor generation system; (d): KBH,-HCI-Co*-8-hy-
droxyquinoline chemical vapor generation system, the
presence of 1ug/mi* Co?" in thefinal test solution

eration of volatile cadmium speciesin theorganic me-
dium, the followers of Guo®, Peng®@, Sun*® and
Li223 have respectively found that thiourea-Co?*,
K,Fe(CN),, Co*-8-hydroxyquinoline and NalO,
greetly improved thevapor generation efficiency of Cd.
Inthisstudy, therecommendatory enhancersweretested
in agueous solution; and theinfluencesof their concen-
trationsontheaomicfluorescenceintenstiesareshown
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Figure3: Comparativestudy of thecalibration graphsob-
tained for Cdwith variousvapor generation. 0.3mol I'tHCI;
4% (m/v) KBH, in 0.2% (m/v) KOH; (a): KBH -HCI-Co*+
thiour ea chemical vapor generation system, the presence
of 1pg/ml* Co* and 1% (m/v) thiour eain thefinal test so-
lution; (b):KBH -HCI chemical vapor gener ation system;
() : KBH,-HCI-Co*-8-hydroxyquinolinechemical vapor
gener ation system, the presenceof 1ug/ml* Co* and 2ug/
ml** 8-hydroxyquinolinein thefinal test solution. d: Nal O,-
KBH,-HCl chemical vapor gener ation system, the presence
of 2.5% (m/v) Nal O, I n thefinal test solution

infigure 2. The experimental resultsreved that theen-
hancement reagentsdo not improvethevapor genera:
tion efficiency of Cd besidesthiourea-Co?*"; andinthe
presence of thioureaand cobat ions, the sensitivity of
Cdisonly increased 50%(Figure2 a). The experimen-
tal resultsare contrary to the reportsby the predeces-
Sors[19,20,32,33,35] .

Theadditionof NalO, intest solution(Figure 2b),
thesigna of Cdisattenuated 3tol.3-foldsand thede-
pressed extent isdissimilar duo to the concentration of
NalO,. Experimental resultsalso reveal that the same
vapor generation devicewhichisusedfor the genera-
tion of volatile Cd specieswithKBH,-HCI-Na O, just
now, isemployed for thegeneration of volatile Cd spe-
cies with the absence of NalO,(C=0) system again,
viz. KBH,-HCI system. Comparing with the initial
intensity(Figure2b, A), therepeated determination at-
tenuated intensity by 5-fold(Figure2b B). Thesignd of
Cd is slowly increased when the absence of NalO,
solution isdetermined again and again; and the signal
can comeback to theinitid intengity after about repeti-
tion 50-times. Thereare no well-established theories
to explaintheexperimenta phenomenon; and two pos-
sible speculationsare hel pful in explaining the experi-
mental phenomenon: (1) theinner-surface property of
GL Sischanged by iodide, which leadsto stay thegen-
eration of volatile Cd speciesor adsorb thevolatile Cd

—= Fyll Poper

species; (2) therudimental |- or |, that is absorbed on
the surface of transport PTFE tubing, which destroys
thevolatile Cd species or depressesthetransport effi-
ciency of volatile Cd species.

Inthe presence of potassium ferricyanide(Figure 2
c), thesignal of Cdisdepressed remarkably and al-
most no atomic fluorescence signal isdetected. The
reasonabl e reason isthat Fe** added causes the most
interference.

Inaddition, wefind that the hungered and contami-
nativesurfaceisinferior to theformation of volatile Cd
species, and in the absence of enhancement reagents,
thisphenomenaappearsextraordinary prominence. The
above inconsistent results may be due to the reason
that theinner-surface properties of the mixing tubing
and GL S arenot suited for theformation or rel ease of
volatile Cd speciesin the beginning, which bringson
lower sensitivity. For example, in ref 19, theinitial
intensity(intheabsenceof 8-8-hydroxyquinoline) of Cd
at 2ng/ml* leve waslessthan 100 [Figure 2 Cd(a)];
andinref 2, theinitia intendity(intheabsenceof NalO)
of Cdat 1ng/mi* level waslessthan 100(Figure3).

In study we also find that the following operation
can enhancethesengitivity of Cd by HG-AFS: at first
experiment, themixing tubing and GLSisdrastically
cleaned with 2~3mol |1 HCI; and then ahigher con-
centration Cd standard solution(10~20ng/ml%) and the
reductant are propel led into the mixingtubingand GLS
to saturatetheinner-surface of mixingtubingand GLS.
It may be duo to the reason that the saturated inner-
surfaces of mixing tubing and GLS arepreferentia for
therelease of volatile Cd species.

Analytical performance

Under optimized operating conditions, the sensi-
tivities, precisionsand detection limitsof variousvapor
generation systemsfor thedetermination of Cdby VG-
AFSwereevaluated. Calibration graphsobtained in
variousvapor generation systemsareplottedinfigure 3
for comparative purposes. As can be seen, the use of
KBH,-HCI- Co**+ thioureavapor generation system
givesthemaximal slope; theuseof NalO,-KBH,-HCl
chemica vapor generation system obtainstheminimum
slope; and the slopes are same for KBH,-HCI- Co*-
8-hydroxyquinolineand KBH,-HCI chemical vapor
generation systems.
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TABLE 4: Theresults*for thedeter mination of cadmiumin wholeblood reference materialswith variousCVG systems

CRMs
GBW09132 GBW09133 GBW09134
KBH,-HCI-Co* +thiourea 1.13+0.20 4.13+0.23 8.64+0.36
Found value KBH4-HCI N.D 1.83+0.26 4,13+0.42
(ng/ml™) K BH,-HCI-Co*-8-hydroxyquinoline ~ 0.79+0.36 3.12+0.23 5.73£0.38
Nal O-K BH,-HCl N.D 2.24+0.36 4.99+0.41
Certified value(ng ml™) 1.05+0.17 4.22+0.33 8.84:+0.49

aM ean+S.D., n=3

The precisionswere obtained for seven measure-
mentsof Cd solutionsat 1ng/ml; thedetection limits
weresmply calculated asthreetimesthe standard de-
viation of eleven stlandard blank values. Theresultsare
summarized in TABLE 2. Ascan be seen, the use of
KBH,-HCI-Co*+ thioureavapor generation system
givesbetter precision and detection limit than the other
vapor generation system; and lower detectionlimitsare
obtained under cold vapor mode owingto abetter sg-
nal-to background ratio. However, the use of NalO,-
KBH,-HCl system, thesignal wasnot significant under
cold vapor mode.

Evaluation of interference

Theeffectsof coexisting ionson the generation of
thevolatile Cd specieswith variousvapor generation
systemsare shownin TABLE 3. Ascan be seen, coex-
istingionssuch asAg*, Cr¢*, Co*, Cu*, Fe*, Ga*,
Mo®, NiZ, Pb?*, Sb>, Sn?, Tef*, V*and Zn? badly
effect on the determination of Cd by VG-AFSwith
KBH,-HCI vapor generation system. In addition, it
appearsthat the use of thioureaand Co?* can reduce
theinterferencesfrom some coexistingions(including
depressed and enhanced effects). Similarly, minor sg-
nal improvementsareobta ned intheinthe presence of
Co**-8-hydroxyquinolineor NalO,,

Itisimportant to noticethat the presence of Fe** Sig-
nificantly suppressesthe production of volatile Cd spe-
ciesbesidestheuseof KBH,-HCI-Co**-thioureavapor
generation system; anditiswell know that ironisamgor
element and widedly existsin many samples. Therefore,
thevapor generaionsysemsof KBH,-HCl, KBH,-HCI-
Co**-8-hydroxyquinoline and KBH,-HCI-NalO, are
only fit for the determination of Cdin smplesamples.
Additiondly, Cu?* and Pb?* causethemost seriousinter-
ference on the determination of Cd by VG-AFS; and
elimination of suchinterferencesby adding KCN tothe
borohydride solutionisreported by Garrido®.

Hnalytical CHEMISTRY o

Comparison of thefour methodsfor thedeter mi-
nation of cadmiumin blood

Inorder tofurther eva uatethefeasbility of thefour
vapor generation systemsfor the determination of Cd
inreal sample, variousvapor generation systemswere
coupled with atomic fluorescence spectrometry and
applied theseto the determination of cadmium inthe
following certified whole blood certified reference
materia S(GBW 09132, 09133 and 09134); theresults
arelistedinTABLE 4.

The comparison of theresults of Cdwith differ-
ent vapor generation systems clearly showsthat low
valueswereobtai ned with the chemical vapor genera-
tion systems of KBH,-HCI, KBH,-HCI-Co**-8-hy-
droxyquinolineand NalO,-KBH -HClI; and the con-
centrations of Cdinthecertified reference materials
obtained by thevapor generation system of KBH,-HCl-
Co?*+thioureawerein good agreement with the certi-
fied values of these CRMsincluding thosewith very
low Cd content(e.g. GBW 09132).

CONCLUSIONS

The hyphenated vapor generation atomic spectro-
metric techniques have become awell-rounded tech-
niquefor thedeterminationof Cdat ng/mi levels. How-
ever, thistechniqueisstill being aseriesof doubtssuch
as critical chemical variables, serious interference,
amphibol ous reaction mechanism and inconsistent lit-
erature data. In this paper, various vapor generation
systemsfor the produce of volatile Cd specieswere
systemicaly evauated fromfour pointsof view, includ-
ing the effect of chemical variables, the effect of en-
hancers, anaytica performancesand Interferences. The
experimental results revealed that the use of KBH, -
HCI-Co?*- thioureawas atop-priority systemfor the
determination of Cd by VG-AFS.
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