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# E aOHAT (HCL) 2 24k W) & A -7 F 5t b (L (HG-AFS) S5 ok 7 I & SR, 5256 & BT
(Se) JLZE HCL MY % S5 A7 AE 4 (Ph) JTCE T, 78 Se .Pb [ I, £ 0l Se 25 B2 AR H . ARBFFTIE
MHIFIE T Se JTLE HCL MGETE T, 4 i —FOC IR T IR 3k, v R il 45 b A7 s e, ik A
AERAETT B W] AR M AF IR A, BB AR IR IR O VR BT AR Y 4l B B oK, X Se. Pb W] A A2
K,[ Fe(CN)4]-HCI-KBH, fb2% % A & R AT T B IE AL, 78 2 ~ 50 pe/L 75 B 315 Se 45 i fh 28
r=0.9995,Pb FRAEMIZE AT = 0. 9997, K 14 R 43 5 A 0. 034 weg/L(Se) il 0. 019 we/L(Pb), F kK% E N
0.85% (10 wg/L,Se,n=9)F10.47% (10 pg/L,Pb,n=9), X EZFFHEREF KK GBWI10010 ( GSB-1) /N
GBW10011( GSB-2) R ¥y AT T IE , KL IE S5 B Se #2855 ARE(E AT

XKEBIE RTINS W g TILRE
1 5| 5§

i Se) TG HA A B fay F) A A AL AE Y IR PR s AR P I ) 22 g & ik
K CEAERE GRSH Y SRS SRR R 2 A Se BT E FTLAXT Se A HER
Ko B, HAET, Se BIAIN 77k F 84 kD JRFIIIOERE Y (Atomic absorption spectroscopy
AAS) O R R A A B A T ( Inductively coupled plasma mass spectrometry, ICP-MS) Tl mEfk
Wy kA - IR 22 661 72 ( Hydride generation atomic fluorescence spectroscopy , HG-AFS) L) H: 7 #5JE = Al
2 TCF [ IR D S5 0 A5 e iz S

25 . B AT (Hollow cathode lamp , HCL) J& HG-AFS ¢ R R GIR , B8 BF 58 & B 43 6 I
FAEFT TP A sl 5 46 & B Se 63 HCL KHHE & A4 (Ph) o E TGk, hTal
Se BIMRAE RUEEAR (217 °C) |, 242R w3 BE Sk oh ¥ HCL 38k 75 2, 23 /5 AR S B TR] A ol A AT 05 T T
SRR I3 B A Rl P R S, S e SR P A iR B R i TSR T SePb 4 B AR AT 157 B AR Je
KT 1065 ©C OGUR AT AHH A 5T i i 9k 5 B2 A K B i, IHGAh  JER R AHH AR 1Y T 2R A
R, SePb & @ YA W HE— 2D BEAR T HCL Al i A, (H3A /) AFS Sy 3E (o il Jr =X, 24 5% 1
SePb 5 4B Se TG HCL X Se Pb [A] B I 1], 25 S BOCKHAE il 9 Ph i3RI 2E Sy Se, 1 I 7 45 51
fJE, T Ph X ARRAREE S, FIREIEH RG] T HG-AFS %I Se Ph [R5 A K 5 i iy
— Y AN

ARWFTEXS Se M1 Ph JLE HCL 19 A SN DPOCHEATRLIN AN 731 , A3 HG-AFS {5 AN [ 45 0
T T ARAT A DGR B OC AR, 52 HOGIR TP A 7~ R AG I 25 SR AT AL IE . %) Se H1 Ph [] iof il g it 2 vp
K[ Fe(CN), ] HCl A1 KBH, ¥ FEHEATHRAL , F3 1 Xob S Bt it B I 0] S ASCR AT LU BRI ST
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2 SIGES

2.1 USRI FH

% JH Ocean Optics Maya2000 Pro S KT Se Hl Ph G2 ) HCL( jtﬁ;ﬁéﬁﬁﬁﬁﬁ%/é%) K
LRI TR S SCR BB I 132 2 500 ms, SA-7800 LI €5 Hi- WU 3 J T2 6 s (b 5l
HEBIFDOC R BOARBA AR AT AUASEA DL 1 Seme 2R 1,

11

1 SR AR T O (HG-AFS) 2 EINREHER . (1) FEMh; (2)BJEGH; (3) 8 (4) MR
Yo (5)RMArEes; (6)EW; (7) B F1bds; (8)Se JLHEZ LHIMWLT; (9)Pb LR =L HIMAT;
(10) JGHATHEE ; (11) Bl

Fig. 1 Schematic diagram of experiment setup of hydride generation atomic fluorescence spectroscopy
(HG-AFS) : (1) Sample; (2) Reducing agent; (3) Carrier gas; (4) Reaction module; (5) Gas-liquid
separator; (6) Waste liquid; (7) Atomizer; (8) Se hollow cathode lamp ( HCL); (9) Pb HCL; (10)
Photomultiplier tube (PMT) ; (11) Computer

2.2 tHmblE X
g _— F 1 SA7800 Mk (o BRI 5 TR AU 8 15 T RS
HCI F1 NaOH M i 4 ,KBH, il Table 1 Main analytical parameters of SA-7800 AFS

K3 I: Ff‘( CN) 6 :I ﬁ‘jﬁ*ﬁé@( %% Wﬂi ZH Parameter 5 EfH Setting value
%i«ﬁ?ﬂj ﬁ BE/A F] ) H 4l 7J( ( ISE_:]:fT. > A Flow rate of carrier gas 400 ml./min
18 MQ cm ) : Se 1;5( YE ,ﬁ% % “’ff‘fl FEMS A Flow rate of shield gas 850 mL/min
e N JRFAARIRE Temperature of atomizer 200°C
( 1000 I.Lg/mL ) . Pb *ZF {E 1% % LS JETFALES 2 Height of atomizer 8 mm
( 1000 I.Lg/mL ) ( Iﬂ—il %_{ *j‘ ‘{E % }B\% tij BT Sample flow rate 0.1 mL/s
)L\) , FH;H\:*% *%}ﬁx{i%ﬁ ?{7 50 Mg/L E(J B JFFN7#E Reductant flow rate 0.05 mL/s
N SN N \ Se JTHLJL Lamp primary/boost current of Se 60 mA/30 mA
Pb 4%/]‘ {E /2% ﬁu YL, 2 &%\2 E jﬂ 2.4, Pb fTHLJL Lamp primary/boost current of Ph 60 mA/30 mA
8 \10 \20 %ﬂ 50 }.Lg/L E(J Se ﬂl Pb */‘I_\‘YE 124073 Detecting mode I Y Peak area
FINRAW IESIFHCE 10 min 5 PFHOHID Deteting ime 1o <
M PMT 15 /£ Negative high voltage of PMT 260 V

FRER & 430 FE A HNO, (5 mlL)
F1HCI0,(2 mL) FHEJEIH (250 mL)
BT ORI A RS A Ak SR 2 R R R R B R, RS ORI 1 mL
Bf BCR R HUE A 217K 20 mL, 76 L H EIMBGERRR 2235 T, e HI 2%, #2 A 50 mL & i, H
HBAIZKE 2, P IR U e S A R A T — A o

3 HR5WE

3.1 RETFHIH
I FHl Ocean Optics Maya2000 Pro JG35 53315 Se F1 Pb JTE HCL &Sk 7 T LB AT, Al gh
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WK 2 fin, 7RI 2B da] LIS 3] Se J6 % HCL 7F 196. 0 .203.9 .206. 3 F1207. 5 nm F & Sk, H
H1196.0 F1203.9 nm 4 Se JTLER M EL5HEk . 7E 210 ~290nm JEFE N B & G154 5B 2A () Pb JLR
HCL RGN e 2 E S  HR RS, WX o A9k 2 /& T Se 7t &R HCL B H Y Pb 3% 18 %
(1), Hrf1 217.0 261. 3 F1283.3 nm 2 Pb [ FEE5HE, BT Se JTLHR HCL HFEAERY Pb T4, S FHAE (A
B HG-AFS {2545 Se Ph HEAF RN & I, BE SR ) Ph JT 28 7 A4 A 98 615 S 2l Se TR IW5¢
JEAR 5 IMUABZ, B 2 T3 Se TLER MU et (L K, 52 M) XA i v Se JC 2R BLSL & st AT 437

7 ]
- —Ph HCL = A ~  40F — seHCL E B
206 e 3 -
o g =% ] %
e = ENol 4 g
=] L - S} =) =
E I g % 300 Eog
= 4r ; = i 9|z
E o 'z T06 200 204 208 N R
g 3 & g 201 : - %
g 7 E £ 2 £ _|¢ q
o g o E-F E
o 2 £8 =l © PEE = Eo 2|9
e e Fofg S wop foe gos
= 1 o< Yl — JoN gt v
& o 1 = A L
0 1 1 | | 1 | 0 1 1 1 1 I 1
180 200 220 240 260 280 300 320 180 200 220 240 260 280 300 320
A (nm) A (nm)

B2 (A)PbICERZ BT & S5 (B)Se JLER 250 BIMKT 19 A 53

Fig.2 (A) Emission spectrum of Pb HCL; (B) Emission spectrum of Se HCL
3.2 RBEFHRIE
3.2.1 RBEFHEFZE HERUE T2 RO AT JE AR AR AR X B2 I, 2
JLFEOCI AP EA n MOCRADCIETYER SCIR TN T 1,80 1, B9 ECAE, M ARS8, an R =T
INo 1 ARE—FAEH n JUR CCIRTIICER) BbRfERE it it @ JUEAT Bk, BLAE @ S0 (13
JUR ) JHIE AHH) n TR P AR THIRTOCHREE 5 1, Fm 3 n JTTRATHUL , AR n JUFEIE JAHH)
TG

2 M Ii”

m=1 g

K =—— " x 100% (1)

T ¢ CY R | TR BIRIE R R BE (R ES ) FIRIIMEL (RIGINES SR | €, S n TR YL
M SE N TR SR

N
C,=C) - glK;j. xC, (2)

B b o RS | LRI TE 2 A T Al e 2 e BRI 4 B b AR T, 94
B RS R AN B R Ot 55 AR IR, 305 2 R 4 R AT E

3.2.2 Se XBEFHEFIHE T SexKXHCL - 7

PRI T Ph BOERHETAE, Wt — BRI TI 5 o G e e e
RS RAG R, (51 S0 ne/L 19 Pb BRIV % 5|
(SUTHITHE) P03 11 L5 GRE R mBT s 2 4

Bifl) Se JEZ HCL iICIE AR Tl 4558 £ o 1 §
NGEEZ DS E L SIS SE - B E R E L O R
TR X IZE 13.68% ~26.29% . MIT#%E L 1f
WO ABAM W TRIE T, gk = AR e =

SR Z i HRO e RE IR IEAT T A S Hollow cathode lamp of Se
By, FEALIN S T, 0 T B AR IE G IR AY ORISR

sz ELRRIIS R PR R B R RGBS P g 0 18 Se ATRDRIRPRI Fi

TEO S 2ETRSE Se A1 Ph [ 9 EL & 5 0 [ Fig.3 Interference factors of 11 Se HCLs
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&, PSR TN T4 26.29% () Se 72 HCL HEAT,

3.3 Se #A Pb FENERFHFMRAL

3.3.1 K,[Fe(CN) iREMZM XM 50 wg/L ) Se Pb IBAHRE, XF K [ Fe(CN) ¥ ETE 0% F)
1.0% (w/V) ZZALE HY Se, Ph [l Bf I 22 1 9 6 {5 5 AT TR AR IR, 5 R W S Bros, 3 m
K,[ Fe(CN) , JWEIEA FIF Pb MZHA (F 4 fHZE C) , i TRV R PR E A K[ Fe(CN)  11EN
ALK Ph( D) AR Ph(IV) , ANFRZEMIFT A 25 Ph(IV) I 5 Fe JE AR B I AW, A 7T LA
KBH, 8 J5A4E A, BEIEJS 1Y Se 2GR FEAS Ak (8] 4b) [FIFE U] Se A 23323 K[ Fe(CN) ¢ ] W B
AR, K [ Fe(CN) (1N 0.4% (w/V) & T Se 1 Ph (1R GE | LA 525658 23 3o [/ i g 28 i
JEFIH K [ Fe( CN) ¢ ] B 5 50 UE G IR0 P75 X A6 I 25 SR A S IR 5CR

3.3.2 HCIRERENM X HCl WEZALM 1.5% (w/V) ) 8% (w/V) I Se 1 Ph [7] i 5E 3 &k 9%
SEHEAT TR AIAS IE , 25 RN S iR, ASIEJ 0 Se 5 (S M2k o) 54N K, [ Fe(CN) , ] fif
JE AR R I 25 2R (] 5 M2k a) B A FEA —F, 4 HCLIRE/NT 1% (w/V) B, Se 2EGAE 55
fIG, HCL ¥R BE G I A T4 5 Se 2806155 30% (AR @ Y HCL ¥R BE S % Ph B JFR N, 24 HCI ¥k
JER 2.8% (w/V) I, iE T Se Fl Pb B [RIEHIE , H R WA RFEE .,
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Fig. 4 Effect of K,[Fe(CN), ]

concentration on

fluorescence intensity of Se and Pb

a. Se(Before correction) ; b. Se( After correction) ; c¢. Pb

3.3.3 KBH, REMZN KBH, fE R4Sk
S TR SRR, #5 KBH, e BE o &5, W) W] R = A
1 A AR S BRI T R A A SRR R oK
A5 S om AL, KBH, ¥R L%, ) mT e Al g i oo
FAY VA TE 4, S R R, RS
KBH, 24t N 6% (w/V) 5 20% (w/V) I, 58T
KBH, ¥ %5 Se il Ph [R] A A2 B 13) 5 Y5k i O &%
ZERE 6 PR, SR FY KIEJF Y Se 98 08
(6 MLk ¢) SR K, [ Fe(CN), | J5 550 75 1)
KAz (6 4k a) Bk BEAR —3, KBH, ¥
JE 4 16% (w/V) B, Se IIRIESE S (K 6 1%k ¢) #1 Pb
(6 HiZk d) LI H AR BER
3.4 FEMSTIEREMSSREFER ST

TERAESI 55T ,2 ~ 50 we/L 3 Fl N3R5 Se
AIRRAERNZE 1, =0. 9995, Pb (AR HERNZE r, =0. 9997 ,

15 HClHKEEXS Se FI Ph 25 B 50
Fig. 5
intensity of Se and Pb

a. Ky [ Fe (CN)g ]/Without Ky [ Fe (CN )4 ];

Effect of HCl concentration on fluorescence

b. Before

correction; c. After correction; d. Pb

Relative FL intensity (x10?)

1 Il
6 8 10 12 14 16 18 20
Concentration of KBH (%)

[0) | I I

El 6 KBH, ¥EEXT Se F Ph % Mk B 152 1
Fig. 6  Effect of KBH, concentration on fluorescence
intensity of Se and Pb

a. Ky [ Fe (CN)g ]/Without Ky [ Fe (CN )4 ]; b. Before

correction; c. After correction; d. Pb
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K HUBR 4354 0. 034 wg/L(Se) A1 0.019 wg/L(Pb), HEREE R 0.85% (10 pg/L,Se,n=9) Al
0.47% (10 pg/L,Pb,n=9) . LB MFE I3 20K

X R AR HEY) iRk GBW10010( GSB-1) FilZNAZ GBW 10011 ( GSB-2) f) Se 11 Pb 7T 2 ¥E47 [ Bisf ]
FE LIRS W 2, T hRERN R KRR S RE i AR R Se JUE A 4L K2 5] Pb LR A T, A IER
UL AR JO R ARSI 45 2 () FL B O, AR T IEAR IE I 1) Se M 45 5K SAREME M) & . LAk, X
G Se A1 Pb ST R BEATIIAR B ST 45 R W3R 3, RICIE Y Se 0 Z Kl 45 5 F SRl 1 [l SR 2L
SR AR R FEAEZ ) T P R BT, LS /AT E . AT AR IEG 19 Se F1 Ph JT % Rl

RIE94.5% ~108% Z|f] , i FE Ko R

K2 bRMEREGINE
Table 2 Test results of standard sample

R HRIE(E Certified value

WEE Found (pg/g)

Standard sample (re/e) Se Pb
Se Pb KK IE Not corrected #IE Corrected
KK GBW10010( GSB-1) 0.061 0.080 0.069+0.07 0.058+0.08 0.074+0.03
/INZZ GBW10011 ( GSB-2) 0.053 0.065 0.058+0.09 0.051+0.06 0.071+0.07
3 BRI SR 2
Table 3 Recovery of soy flour sample
JImA = Spiked W€ {4 Found (pg/L) JIAR ECR Recovery (% )
(pg/L) Se Se
Se Ph RAZIE BEIE Pb AAZIE IE Pb
Not corrected Corrected Not corrected Corrected
0 0 0.08+0. 06 0.12+0.05 N.D. - - -
1.14+0.08 1.21+0.08 1.08+0.06 107 109 108.0
2 2 2.17+0.07 2.28+0.07 1.89+0.09 106 108 94.5

FREERR] CRADGIE T YL 5 AL IE T 20T LIXE Se 1 Ph [l i I 5 Y Se 450 45 2R HEA7 4 3L

1E AR 5 B ARG 45 SR 5 AR HE (AR A

References

[ T S S

o)}

=7

Bidlack W R. J. Am. College Nuirition, 1994, 14(6) . 668-670

McKenzie R C, Beckett G J, Arthur J] R. Biomed. Life Sci. , 2006. 311-322

Lippman S M, Klein EA, Goodman P J. J. Am. Med. Assoc. , 2009, 301. 1877-1878

LiP, LiYF, Feng X B. Sci. Total Environ. , 2016, 573 . 376-381

LIU Yuan-Yuan, ZHOU Huan-Ying, ZHOU Zhi-Jiang, GAO Zhi-Xian. Acta Nurimenta Sinica, 2012, 34(1) . 79-81
BIFIR, 2012, 34(1) : 79-81

Fragueiro S, Lavilla I, Bendicho C. Talanta, 2006, 68(4) . 1096-1101

WANG Xin, XING Yuan-Na, CHEN Ze-Yong, LIANG Bo. Chinese J. Anal. Chem. , 2013, 41(11) . 1669-1674
F Ok, SESUIE, BREET, B 2T, 2013, 41(11) : 1669-1674
Fu J, Zhang X, Qian S. Talanta, 2012, 94(6) . 167-171

9  Shishov A, Wieczorek M, Kos'cielniak P. Talanta, 2018, 181 359-365

10 Garcia J B, Krachler M, Chen B. Anal. Chim. Acta, 2005, 534(2) . 255-261

11 WEI Chang-Jin, LIU Ji-Xin, PEI Xiao-Hua, Chinese J. Anal. Chem. , 2008, 36(8) . 1061-1065

F5 B4, XFERK, LBt 544 2008, 36(8) . 1061-1065.

12 GUO Rui-Ti, CHEN Su-Ting. Physical Testing and Chemical Analysis Part B: Chemical Analysis, 2010, (2): 195-196
SREGES ) BRIFER. BRI (HLF SR, 2010, (2) . 195-196

13 JIA Ya-Qing, WU Hong, SHEN Zheng-Sheng. Acta Metrological Sinica, 2017, 38(4) : 504-506
SUF, & 20, WIEA. #F 53R, 2017, 38(4) : 504-506

14 Garcia-Lestéon J, Roma-Torres J, Vilares M. Enwviron. Inter. , 2012, 43(12) . 29-36

15 Ollson C J, Smith E, Herde P. Sci. Total Environ. , 2017, 595 . 660-665



168 o B Ak 2 415

Correction Method of Light Source Interference for Simultaneous
Determination of Selenium and Lead by Non-dispersive
Hydride Generation-Atomic Fluorescence Spectrometry

TAO Chen', LI Chun-Sheng™', CHU Wei-Cheng' , GAO Ran-Ran', ZHOU Zhi-Heng’
LI Yun-Meng®, MA Zhen-Yu®, TIAN DI*'
"(College of Instrumentation & Electrical Engineering, JiLin University, Changchun 130023, China)
*( Beijing Bohui Innovation Optoelectronic Technology Co. , Lid, Beijing 102206, China)
*( Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract  Hollow cathode lamps ( HCL) are the most commonly used excitation sources for hydride
generation-atomic fluorescence spectrometry ( HG-AFS). In general, there was lead (Pb) interference in
selenium (Se) HCL. This kind of light source interference affected the accuracy of the detection results when
Se and Pb simultaneously were determined by HG-AFS. In this work, the effects of light source interference
were discussed and analyzed, and a light source interference factor method was proposed to correct the spectral
interference. This method had many advantages including simple operation and high reliability, and
appropriately reduced the purity of the cathode of the light source. The spectral interference of Se HCL was
discussed. The conditions of simultaneous determination of Se and Pb in K, [ Fe(CN), ]-KBH,-HCl chemical
generation system were optimized, and the influence of Pb interference in HCL of Se was discussed. In the
concentration range of 2—50 wg/L, the detection limit of Se was 0.034 peg/L (r=0.9995), and the detection
limit of Pb was 0.019 pg/L (r=0.9997). The method precisions were 0.85% (10 pg/L, Se, n=9) and
0.47% (10 pg/L, Pb, n=9), respectively. The feasibility of the method was confirmed by the simultaneous
detection of national standard sample rice GBW10010 ( GSB-1), wheat GBW10011 ( GSB-2) and soy flour.
The results of the light source calibration were consistent with the standard values.

Keywords Atomic fluorescence spectroscopy; Selenium; Lead; Interference correction
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