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Bt) . Agilent 7500a HL A 58 TR IS (ICP-MS) (Ag-
ilent Technologies, JEE), WX-4000 ff {5 e o 14 fit &= 45 (|
TR ST AL A AR A FRA 7DD . FIALab-3000 JIF 5 : 5 R 48
(FIAlab Instruments, SEED . [ffw—GES L. HNH 5
IR N 2.5 mL, 6 {3y %#EM , Thermo Model 868 pH [
BEit, 90005-02C 4liZk 245 (LABCONCO A H], EED, 528
R 0. 8 mm NARAY PTFE 4, IR PEEK 23k,

BPRHERS A (1 000 mg « L1 £ 0. 1000 g e 4l B ki
(HEZGER, i mE T 8 mL i HNO; (4.0 mol -
L (hges, EZERD, R REE FRKERZE 100
ml . AR A bR o A V5 TR Eh I A TR R e A5
), AN W —E A NaBH, (96 %, EZ5ERDIE
F 0. 5% Gn/o) i) NaOH (gl . [ 258 1D il s . HAh
WA GRlR, SRR, SURPRSEIN el R UL L, T E 2
B, MBRE i AR IR PR BB SIS K Yk 18
MQ cm F4EK
1.2 RUEFEENSE

AT e CFESRAT o il db A ®) s TR FRD RIS S F R 0T 85 )5
Hif3 100~150 pm Z [APRIAR S ST AT 0L o K BT AR AR 15
ST HRIZIAE 2.0 mol « L™ #hMRE WP, M5 4 h 54T
YL I TR EBE TR R E Bk . RIFET 70 C
R B, BT R AT e A IR I BE R . I AR
HNO; (10%, @) # i 2 hy FR2 305 R 38 ik R 7K
hkE o, TR

PRI 10 mg AT e e — ity FH /A i BB AR 3 ZE 1 N A2
1.4 mm, KJ4 30 mm () PTFE &, SR )5 F 38 AR 245
Ty — it AW ORLAE S 3 R G rh R o K AR I O TR A B2 A
PP 5t R G0, WA AT 4. 0 mL(8 mol « L") iR )
W BRI . SR JE I R s Tk ol 2 K Rk
1.3 HmTsbiE

WERFRIR 0. 1 000 g CRM320 (] JRITTAMD 88, 100 pl A
A S E TR OIETE S IMAPras R, %R 15
TR R E AR AR L ST R RS T AR RE N O BT
150 CHifAr LIk, fRAZERIETRECT, REERHE,
SRIG A& 0.4 mol « L' WY FRYA I (L & A Hilik 1 000
mg « L D FSR, #8510 mL 28500 RIRE I RUE 25
5], FIRHEMAEERR 2 A

Table 1 Steps for microwave digestion

v - peagil wE B i
Frih Pk it /mL /C /atm /min
HNO;3 /4.0 160 15 4
CRM 320 0.1000 g HF/1.0 190 18 4
H,0,/1.0 210 22 5
150 16 4
ik 100l HNOj/4.0 0 2 )

1.4 #BEIRE
TEL S 8 & S AW S R T PO i (HG-AFS) L)
T Ha SRR £ 2 B A T 1 v (TCP-MIS) 1 2 R o 5k 1) 5 56

BNE L, ASEPI Y W SR L S B W A Ak
W B AR T /A5 B T AR B R I 43 o B S TS i
BIIRA, Hhrslkaly 1 000 mg « L™, A1 0.4 mol -
L™ W ER VR W LA PRAIE 45 B BN T B A BRI I 05 . B, VTR
HFIRELE TSR &R B4 A %, B BILCS(NH, ), 3" #%
KAFTE.

SEEELRE . EHEN SRR 3 5 AL R
HHA 200 pL 255, FANZAEEER 5 5 /™ALL 100 pL
o s THYREMLA 1 000 pL BANAGE SR MRERIE R )5
M AR 4 S RRALL 20 pl o s FEAE RS/ WA KA
TR TR IR Sk (5 A D AT IR LR B

AL 3 5 AL [ i A 200 pL 255, FEM 2
SHIAILL 100 pL o s BRI A 100 L BERRT ARG KR
BRAIN 4 SAIIILL 10 pl « s ROTREHE . AT A el e it
TERUIE TR S (25D

HG-AFS/ICP-MS #:ll . SR S8 & A - R Fo e
MECET . F AFS-920 B % -3 59 58 4350 3K 3h Y Bt 5 o
SRR, PRI T S & A R, PR AR
ALY 2 SISy B A B R AR T ORI .

FH PR & A B TR TR G I B 5 R AR A Pl 4 8
JERE AR (5% 3 22 BK 3 B 308 A Babington 55 1b4% .

Fig. 1 Flow manifold for the separation and preconcentration
of trace bismuth onto bamboo carbon mini-column in a
sequential injection system with detection by HG-AFS

and ICP-MS
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Fig. 2 FTIR spectra of the bamboo carbon

used in the present study
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Fig.3 Effect of thiourea concentration in the sample solution
on the adsorption efficiency of bismuth by the bamboo
carbon mini-column

Sample solution: 1 000 uL. (0.2 pg« L' Bi*"); acidity: 0.4 mol «

L ! HNOs; sample loading flow rate: 20 L » s !'; eluent/volume:

2.5 mol » L™ nitric acid/100 uL; elution flow rate: 10 pl « s 13

NaBH; concentration/volume: 2.0% (m/v, in 0.5% NaOH)/0. 3

ml
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0 P P TR A R PP R R VA VR TR A 58 R B T W o 280
HYFEI . S5 5RANIE 4 FIT7R . B A BRI B (R A, Bl 174 R
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Fig. 4 Effect of sample acidity (HNO; concentration) on the

adsorption efficiency of bismuth by the bamboo carboo
mini-column
Sample solution: 1 000 uL. (0.2 pg+ L~ Bi*"); thiourea concentra-
tion: 1.0 g« L™!; sample loading flow rate: 20 uL « s !; eluent/vol-
ume: 2.5 mol « L™ nitric acid/100 pL; elution flow rate: 10 uL -
s~ !; NaBH, concentration/volume: 2.0% (m/v, in 0.5% NaOH)/
0.3 mL
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— BT s 2 B R AR AN K, A R, SRS
R . ARSI AR T, B A SR, £
3~20 pL « s YU N EE T E AR AR b O B R
HAE W TR R A . AEITE SR R Y, B ORI IR
TGP R i B LA A o (L TR R i Ao PR 25 5
FEIRR MRS RME REREI S, BHERRER 20 pL
« s IR AT LIS B BRI SRR A, K, ASCTER S
SEg v R SR P 7, O R P75 B8 T (g AL O B R 4
R SRS
2.3 EBEH

Z REBA S TR A A RIS S, e R R R O R R
AR SR S & AT T 2O g R, SR HL gk
A GBS TR BTSRRI . AR E AL S A BT, L
B R AR T OO RIS . B 5T AN R B R R
VES VRN R B E AT AR A FEAY: b ) B-BRIR 28 5 OV T AR
SLEEE RN, £ 1.0~3.0 mol « L' MMk BEYEE A, BRI
SR B R M P 3 N s M PR VA VR B B K B 2.5
mol « L™ i ALK 4w A2 B BB IR 4 5 ) o8 2 Vel . TR
ARSI PR 2.5 mol « LY A BR VA AR S BRI .
ICP-MS it B o] 422 % R vk s

XEMER AR E AT T %88, 45003 W], 100 pL mvElt
T R RT A R B R SR TE A B VEE TS A [ IR AT LA 2
JE SR S A B A TR T TGS I A5 B R BT R A I 1
B, SRR BRIy 10 ple st
2.4 SUMEERMEBNESEHE

[ % HoAh 2 F AR AR, %587 NaBH, % 80K E X S 46
KA 2R I A 72 7 A 52 e, NaBH, 3 W FE A
0. 5 %34 hNE] 2. 0% (m/vs 0. 5% NaOHD B, Kl F 56 Y615
5Pt NaBH, #5022 03 N s B NaBH, %50k B 2o
B, WKRT 2.5%Gn/v, 0.5% NaOH) , #i 2 f5¢56(5 5
SN o 302 A IR R B i K 2 S BE A
A R A K E AU, ST BAR o R W kA
WRAER, SBORIAE S22/, Ji4h, NaBH, %880k FE 3
Ko WeBE A FRIZL, RO 2. Lk
FH NaBH, W EER 2. 0% Gn/vs 0.5% NaOH),

TEFRBIARZR FR R RIE 100, #4398 I TR BE 5 36 TR 7 3% T
FEMIRA AT EACY K A S R, LIAE BB IR 45 A W) 58 4
R EAY, KA 300 pl (IS LA RS 100 pl PEBLTR
A s I HL B A A v Y B v A0 A A Y 1) It 8 4

B4 200 F1 100 L+ s !,

ARG s JEFHOGHN IR A 55 B M T 1 1 0 2 2%
PEFIAZ 2 FiZ 3.
2.5 FHE®

ACLL 0.5 pg « LT BA O AR e, LV AL &
AR TR #S . FE £ 5% MR 2 RIFVHE N, X ERES
B A= e i v mT R B0 9 IR B 1 T s L E AT T 5 4%
FERFEH, 5000 /%0 Fe2', Zn®" 1 Co® 5 4 000 £ Cd** 5
1 0004 A4 Pb*™, Se(IV)FI AP 5 500 £ Ni*, Mn®" Hl As
(V)3 250 fi5/ Te(IV) 5 200 f51Y Cu*' fETERT, FEiR2E ARG
0 B P A2 A T . — R A D R R BT R S B e
i RS AR s DL A8 B I AN S R AR N Y AR
o B, A5 T ISR, AT DL AR S PR A
wb PR

Table 2 Operating parameters of the AFS instrument

T H WHE

FEHL A R R/ V 360
JEF-AE 4 = /mm 8

HAPE/(mL « min™!1) 400

B R/ (mL » min™!) 700
ST /mA 85
TSR] /s 4

PO U TR

Table 3 Operating parameters of the ICP-MS instrument

i H W

RF T4 /W 1 300
BT RA R/ (L - min™h) 15

55/(L » min 1) 0.83

AMES /(L » min~1) 0. 31
FEATREE /mm 8
FKAEHE (B /mm 1.0
FHE (B8 /mm 0.4

2.6 SITERERSEMA EALLE

TE LRSS F T FELRMT R B B B £ 5 Ak
W R - I R P RS 1 45 R B R T
ST IERE AN 4 PR TRAA H . FESERE SRR

Table 4 Analytical performances for on-line solid phase extraction of bismuth by
bamboo carbon mini-column with detection by HG-AFS and ICP-MS

i HG-AFS ICP-MS(2" Bi)
WEREARAL/mL 1 2 1
VRO IAFR/ L 100
RAETEE/ (ug = LD 0.05~1 0.01~0.5 0.03~2
BEMGER 10 16 10
RSD/ % 0.9€0.3 pg+ L1, n=9) 2.400.1 pg+ LY, n=7) 2.8(0.3 pg+ L1, n=5)
Ky FR/ (ng « L1 13 9 10
SRAESR /B - h! 23 15 23




242 JeikeE S T

H31E

Table 5 A comparison of the analytical performance of the present system with detection by

HG-AFS and those reported in the literature with similar detection techniques

ik RER FESLTNAE/mL KR/ (pg - LD K/ N SCHik
ET-AAS//KFE. FREE. N K 10 0.02 4.3 19
ET-AAS/M RV 5.2 0.003 3.4 20
ICP-MS/ iR Ui 2 0. 004 1.7 21

HG-AFS/{lJiE JURY . Ik 2 0. 009 2.4 A

R AT LT SR A IR T PO6TE S S8 TR BT
TR T PERESEACR Y . IR, IR RTER D B W
T PR AR A1 L R AR P A B

BT or 8 - R A K AR T e i ik D s R
B M P RE 5 SCHR R A 1 RIS T vk 2R AT T EUAR, RN
5 PR AREAR . ARTT A5 SCHRR B ) BB 5 S5 T
2 A L A R WA R P A S FRRION 8 FE 39 4 24

HBUEAS SO R W AT AT« AR SR e AT [ AR A6 o3
B R AR S K T PO IRE I E T RS EY) BT CRM
320 G PRUCERMD R LA &t I A 80 A Bk 25 R U35 6 T
N o KPR HER A S 45 R SR EEAR AT, EXE T IR R
st IR B AR DGR AE o 300 R AT 5 B e 4R
S R IR T OIS AR BRI E 1P A
WOF MR BCE IR B - 22 ¢ RS vk UE B PR 5325 A 00 7 45

2.7 BERNE TR EER.

Table 6 Analyses of bismuth in a certified reference material and human whole blood
samples with detection by HG-AFS and ICP-MS (n=3, 95% confidence level)

e FRfE(E HG-AFS ICP-MS
" /Cug =g W/ (g - g D WikR/ (g - g D R/ % )
CRM 320 0.240.5 0.3140.01
MFETS A 1 — 0.430. 04 0.4 103
AR A 2 — 0.17+0.01 — — 0.190. 02
AR A 3 — 0.0740. 04 — — 0.08+0. 01

AR BT AT ERBE A AR IR i R B Y 20
A R ITIESL AT R B AR AR IOy B e AR T i S A
JEF9EEEE M R A & 4 B IR BT . sl T
PRIEARAERE it AN 221 TR

3 4% ik

PAFT 3¢ R [ AR ZE IR R s RIS T X R ek e % 5 O
AW MRS . FEBUEERE b ST TR N AE L ) S
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Bamboo Carbon as Sorbent for the Separation and Preconcentration of
Bismuth with Detection by HG-AFS and ICP-MS

CHEN Ming-li, SHEN Li-ming, WANG Jian-hua*
Research Center for Analytical Sciences, Northeastern University, Shenyang 110819, China

Abstract A procedure for the separation and preconcentration of bismuth was developed in a sequential injection system by em-
ploying bamboo carbon as sorbent. The detection was facilitated by both hydride generation atomic fluorescence spectrometry and

! was obtained, a-

inductively coupled plasma mass spectrometry. With a sample volume of 1 ml., a detection limit of 13 ng « L.~
long with a precision of 0. 9%(0.3 pg + L', n=9) with detection by HG-AFS, and a detection limit of 10 ng « L™! along with
a precision of 2. 8% (0.3 pg* L', n=5) was achieved with detection by ICP-MS. The present system was validated by analy-
zing a certified reference material of river sediment (CRM 320), and spiking recovery of bismuth in human whole blood was per-
formed with hydride generation atomic fluorescence spectrometry. No significant difference was identified in the results of bis-
muth detection in blood samples by hyphenating the present solid phase extraction system with detection by hydride generation a-

tomic fluorescence spectrometry and inductively coupled plasma mass spectrometry.

Keywords Bamboo carbon; Solid phase extraction; Bismuth; Atomic fluorescence spectrometry; Inductively coupled plasma

mass spectrometry
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