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SUUEE-FRFRAKXEZUE 1 5 FXE MK
AEHAPH As.Sb.Bi.Hg & 4 ML R

WA BERF FNTF R@E AF S
(1 #¥ 4 H & REEFRENR P, KP 410015;
2HEAECLBH R, KW 410015)

i E BEvTEAYEE-EFIOLGSENE 1 : 5 7 X FEiAARSS+HH As.Sb.Bi.Hg % 4 f#
JEER O ¥, B R T K U+ 4 RRE & 726 3R 88 (5 %6) 4 o B &AL 89 8 4 8 R %t As.Sb.
Bi.Hg % 4 MR #TE MY EE- TR FIOLRIEHRNE . FkkHBRA 0.008 9(As).0.008 1(Sh),
0. 008 1(Bi).0.001 7(Hg) pg/g, M & 45 5 0 A XF 45 #E i 22 (RSD,n=12) N 0. 82% ~ 7. 6%, #E T FE
AlgC=—0.01~0. 02, J5¥ & AL, #0025 50, A6 1 BR L v B B 2% B 3 BB 1A BAT L 4
FoR,EMT 15 RIS REARSKRITAY . L85 As.Sb.Bi.Hg 5 4 Foo MW < .
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Determination of Regional Geochemical Survey(1 : 50 000)
Samples of As,Sb,Bi,Hg by Hydride Generation-atomic
Fluorescence Spectrometer

TAN Lijuan' , TANG Yushuang' , HUANG Lining' ,DENG Shupei' , HOU Dan’
(1. Testing Centers of Hunan Non ferrous Geological Exploration Institute , Changsha, Hunan 410015 ,China;
2. Hunan Research Institute of Nonferrous Metals ,Changsh, Hunan 410015 ,China)

Abstract The method for the determination of As, Sb, Bi and Hg in 1 ¢ 50 000 regional geological survey
samples by hydride generation-atomic fluorescence spectrometry was established. The samples were
decomposed by aqua regia (1 + 1) and determined by Hydride Generation-Atomic Fluorescence
Spectrometry with potassium borohydride as reducing agent in 5% hydrochloric acid medium. The
detection limits were 0.008 9 (As), 0.008 1 (Sb), 0.008 1 (Bi), 0.001 7 (Hg) pug/g. The relative
standard deviation (RSD, n=12) of the results was 0.82% —7.6%, and the accuracy was lgC=-0. 01—
0.02. The method is simple, low-cost, accurate, and can meet the requirements of industry specifications.
It is suitable for the determination of As, Sb, Bi, Hg and other four elements in river sediment and soil of
1 : 50 000 regional geological survey samples.

Keywords 1 : 50 000 regional geological survey sample; hydride generation-atomic fluorescence spectrometry; As;
Sb; Bi; Hg
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DX S b 55 ) 2 o b 5T B8 A A Ry R A A R A B AT
TAE, R—TEA RS el it T/E. BT,
REFH#HTHEZEZ L5 TM 1 25 FXEAE
TAHE, 125 X RMAREE L, 1 20,1+ 25
TEHEPMHARXEFEHETAERERMAITE,
O X IR BT R FEA R B A
TLR AR RITR R IRIEHAT 0T, BB A KR
DU 3 A A S M R SE 50 W 3 R b R R
ETENERART I MBENEARAFREZ - H
PR RS A M EEKE. F£1:5
T3 Xl b 5 9 A o A3 A b, AR R AR O
HeiG g W E As.Sb.Bi.Hg.Ge.Se HILE A
W, RASAYEL-HFREEEEME 1:5
T3 DX 35 b 5 9 2 4 B9 As SbBiL Hg B & —
AR PREE EF H E AR AR AARTE. 5

DX 3R 3 57 AL A A il T R MR AR RO L 2 L
RIS 2 VI L g R

1 SEIEES

1.1 HERE

RFE L T KA TEER IR (5 Y0) A B b, B IR~
PRI R K LA B B I =4, TR S LB,
WEREAY . FEERRG YN TR P As,
Sb.Bi #1 Hg . & 5 W & 1k 47 1F F £ Bl AsH,.
SbH; .BiH; #1 HgH; . PAZS.0BAMAT R 6 UE, F X
A AFS {4510 As.Sb.Bi Al Hg M5t
SREE . AR TR T,
1.2 LB MEREH

AFS-9800 %I XUiH S b ¥-T0 o 8 R F 9k e ik
XL R AN ER A PR A F]D , As.Sb.Bi,Hg J&
e R 28 O BARRAT (AL i & B IE M BE) . L5
FEWE 1,

R1 EFRERENITESEG

Table 1 Working conditions of atomic fluorescence spectrometer

WE  ATHR WEOHR EHRENE BT TR B Arfii/ RS ArRE/ 524 FER
L& /mA #i/mA fEE/V wEE/C FE/mm  (mL ¢ min™Y) (mL * min~!) B El /s B[] /s
As 20~80 10~40 270~350 850 300 900 10 4
Sb 20~90 10~45 270~350 850 300 900 10 4
Bi 30~60 15~30 280~350 850 400 1 000 14 3
Hg 10~30 0 280~350 850 400 1 000 14 3

T 250 BIARCAT L S RIOL H 53 B B ERLRE B 4 AT v BE S R T S o RS BRI W  MRA ER (HE B 99. 99990)

1.3 X FIE
1.3.1 &5

S 56 AU AR A A 20 A A i R T A AR AR
KEBEFAORTHEEBEAK, AEALR D, EE
A6 I 2 e PR &R R T AT BT S B & TR
5k R R8N B & ma et i on R AR
R E B, AR . R VAR AL T
SALE BRIR BRI R AR i A Gt

B IR0 IR 1 BR VR B 38 S5 (5 04D, FH B BLEC 5
AL BB W (20 g/L), B BLE; R E W B W
¥ (1 mg/mL),
1.3.2 #REWW

As.Sb.Bi,Hg #R i & (1 000 pg/mL, F
KA G4 R Bl F AR BT IR D) B vV VR
o 25 VS VLR AT 2B R T L o

FHARAEE W (50.5 pg/mL) , BEAR HESE W (50,5,
0.5 pg/mL), BE bR HEYV W (100,101 pg/mL) , 5K A%
WEW I (100,10.,0. 5 pg/mL),

1.4 KBH*E
1.4.1 FESAbEE

FREL0.1~0.5 gOKi & 0.000 1 g) ik F
25 mLILEEPT (FEEREAEMESFE AT
BIPIEE 1D, A 10 mL EAKQ+1),#45 ., &F i
Ko 1 h RZDES R M TREEIR
JE. AR GYOEBRMBEZEZE RS, BEBE
FH. FMEFHEEA.
142 #EmE

As . Sb XUH [F] B - 43 BUE W 5 mL F10 mL
eSS B R IUR CF RS, in 2 mL £
A 3 mL BRAR-PLIR M BRIRE & 7 R (520, #5T,
HCE 30 min CHL B 58 IR B2 €, & K CE A )
A Fe AN 2% TAE S AT =

As.Sb TAEMZ QR &% : BL il i As #1 Sb
4% 5124 0.000,0. 010, 0. 025, 0. 050, 0. 100, 0. 200,
0.300 pg/mL Fl 0.000, 0.005, 0.010, 0.015,
0.020,0. 030.,0. 040 pg/mL [ &5 FRUE TAEVE W
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ERE . S A 4- R FREEEENE 1: 5 X
B R A A PR As.Sb.Bi.Hg %4 4 fiT R 21

AR — RS A — B8 Mmi IR-i 3K R IR &
WER, HEER GYOMBEZIE, 5.

Bi,Hg XUi& 7] i 0 & : 43 BUE W 5 mL T 10 mL
B A RIUR A EEE), in 5 mL £
L, ¥5, CE 5 min, AR TAESAFHEATI 2,

Bi.Hg & & 5 fE T /E #h 22 % ¥ - BC 1 6L Bi Al
Hg 4 %1 %% 0.000, 0.010, 0.020, 0.040, 0. 060,
0.080, 0.100 pg/mL #Hl 0.000, 0.005, 0.010,
0.015.,0. 020, 0. 030,0. 040 pg/mL & 5| k7 #E T4
W, IR — R —E B, R GO
BRZE . %5,

2 FRITiE

2.1 THMEHEER

Y kA, TR EEABA TR
TARPF . X T 6 R U, R T iim
W/NT AL SAC Y & - T R BOb g . BAR
K, Cu.Co Ni T4 As.Sb TLR Bl & , X L&
T AT SE A B AR-PU IR MR (506 1R A VR R T T
Br. 3 HClLEWWE KT 2.5 mol/L i, HiiRik Al &
HRFGNEIEA, BN E =M. BERKN
Sb AT B T4, XA T8 AT 5 B TR R B R
¥y & KMnO, % BB M BR . Cu.Co.Ni

K Au 82T Bi o E W E , Kb Cu #1 Au T
P 7T 38 2 0 A B DR T B 5 (B P R R S R AIG
Rl g R . A R BEAT I WO A Fe®t
BOIFHBEEEE 2 1 mg/mL, 7] B E MRS L
I THRITENATSE. HEERELY
MR, EHTRARET 10 pg/mL WIFL T AL
XF As.Sb.Bi Bl % & BE W, Se.Te WEEWKS
FEE TP Hg B E, Au.Ag Pt . Pd o] 28—
BFH, Fe)E AT PR A A B IR AE N
TITH R . FEARTEAk4h i W BE AN A Fe®™ £ 1 7] 3
b FEFREMITEN TR, BT Se.Te Z4hHE
AEREA TR, EHERART 10 pg/mL 1
TEBL T ASAT Hg MM E 15 g m . SR 3L i m]
EREAY TR S &S T 200 pg/mL, I 4 4rF
PR AR RN EA RS FBOLIEH T
Y. MBS ATLUGE S48 5 8 £ 0%k As B
FE e AR TR A & i W AT R S S AR T TE
4 7 3k S il 4 ) TR B e O VR SR WU . (H 3 T X s
B EESISMER BT — S, — &
WRFHEBERAZ . N5 M IR X DX 3 5 18 2 K
e A A PR R AW . LL As. Sb. Bi ¥ B
2.00 pg/L,Hg ¥ FE 0. 8 pg/L Jy B, X 3 JF 55 A4 2
TR B RIE 2,

®2 TEFEXLEXR

Table 2 Elemental conditions contrast experiment

i dis As BIEIRE Sb %63 B Bi %658 & Hg %63 B
A5 Yo B BR-H0 IR i R 335. 560 378. 344 732. 784 1 053. 980
B 5 Y6 B Bk -t 35 1 B 501. 774 504. 205 739. 958 1 051. 244
BA 10 pg/L Cu 321. 001 256. 890 400. 467 1 042. 367
fA 10 pg/L Cu.5 %6 B AR-H0 IF 1 BR 498. 400 500. 545 731.512 1 048. 390
fA 10 pg/L Co 288. 908 369. 056 313.768 1 015. 097
BA 10 pg/L Co.5 % BlR-HL 3K L AR 505. 766 510. 901 722. 092 1075.117
fA 10 pg/L Ni 300. 311 288. 080 500. 190 1 000. 100
fLA 10 pg/L Ni.5 %65 R -5 5 i AR 500. 007 512. 245 730. 897 1 070. 051
A 10 pg/L Au 744. 880
BA 10 pug/L Ni.1 mg/mL 1 050. 005

2.2 UEREHHRL

DXGE R, 6 T e i e 8+ EE, B
PRI RBUE X EREART . AR AR SRR
DAVE B[R] B KT WL o O ri A 3 A8 B0 9 v TR A
I B ) R AR R TR 5 24 R B R R L v
FNCE N ZER IR . AT A AR
J T AR G0 A7 o it 9 — S B AT IR R £ AR UEAX
i R RHTER T SR BUS 98/ T R A 18 R
MIER HTAERM, BB 25 B, LR #fa R

FRABIRE i 49 B = W 2 B S 1 s As S T i
270 V, Bi, Hg 280 V; As #T H8 #i 30 mA (% B
15 mA),Sb 40 mA (820 mA), Bi 40 mA (3§ B
20 mA),Hg 10 mAU# B 0 mA),

2) HAH B R NS S MESWRE
S AR Fi S R0 E — K E 300 ~
500 mL/min, A &1 e W <% s S L R 1 TR BE
REAR R AR 5 Tt B ok IR e LUK SRR B IR | T 33
B AA Y, SRR DL IR R R R 8
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A NTIHRIE T B8 AR E PO RR . — BRI
WK 800~1 000 mL/min, SZE#E#E As.Sb S
WEN 300 mL/min,Bi,Hg 400 mL/min; As.Sb Gk =,
W& 900 mL/min,Bi,Hg 1 000 mL/min,

D F A B B, RAROLHE A e
PORERE . EEE/MERBERME T, BN h T
SRS B G O Y S O iR (R A B R =
H 3R B , T3 A B 47 B A S BR, — B BSUR /N T
5 mm, YrEiE, AR BHE KB ERE L,
RIGHRRB/NE 5 R, WS ARGE TR, M T
ok v 72 B U BB e T 0 7 T R R AL W B0 RS A BB A i
B9 S 5 BE I G 1Y KT T R A A L ig e
%, Ll —REFEEFIASEER 8 mm,

4) T B3 ] A1 HE R ] £ 326 436 BB A A M R A
AR T AR, 980/ B 5 B, 4 0 ) B R

2.3 FiEWMKBHR
AR ETE BMAERNTRESA &N
HAE S 11 B FARHE M RS W 5 17, 3% 40 BT 7 i M e
BB AR S5 A AT 5, e X (D THE D7 Bk BR
(DL),
DL=3SD/K

D

» x KA IR EE

FHE,x AEHPRWEREME, K 3 TAEMZK
HMRlHR,K=IF/C,

LA As.Sb.Bi ¥ 45K 0.1.2.4.8.10 pg/L,
Hg %7 0.0.4.0.8.1.2.1.6.2.0 ug/L % TfF i £
BEATINE , 4 Y BREGESR LR 3.

F3 FEEHR

Table 3 Detection limit of element analysis method

mH As AR B Sb % 3R B Bi %68 B Hg 52658 B2
=Y —0.994 7.132 —0.494 22. 222
STD1 290. 652 198. 040 379. 678 554. 166
STD2 501. 774 504. 205 739. 958 1 051. 244
STD3 038. 730 1 390. 545 1371.512 1 548. 830
STD4 2 058. 806 2 369. 310 2 813.768 2 076. 158
STD5 2 458.173 2 935.735 3 228.022 3 275.017
KRR (DL) /(pg » mL™1) 0.008 9 0.008 1 0.009 1 0.001 7
1+ 5 78R/ (pg s mL™h) 1.00 0. 20 0. 10 0. 005
1:20 FER/(pg+ mL™ 1) 1. 00 0. 20 0.10 0. 005

2.4 HEMBEESERETR

% GBW07401,GBW07108 , GBW07308 . GBW07309
& 12 MER—RARMEY T B — R AT 12
YOFATIINRE » #2 1 ¢ 5 T DX Sl 9 2 o o 20 A7 O 15

HEWE BEEERARXETE, HEEES Zir
HEY) TR AR HE A 22 18] O AR ER 22 S O BR 22 AlgC
FHAE X FRUEIR 22 RSD, W36 4~7,

R4 ASTEIRER

Table 4 The element of As results of experiments

GBW GBW GBW GBW GBW GBW GBW GBW GBW GBW GBW GBW
As 07401 07402 07403 07404 07405 07406 07106 07107 07108 07307 07308 07309

12 WP Ci/(ug + 1) 34.04  13.69  4.44  57.48 411.98 218.86  9.17 1.35  4.70  83.73  2.42  8.54
PRI Cs/(ug = g7 1) 34.00 13.70  4.40  58.00 412.00 220.00 9.10  1.40  4.70  84.00  2.40  8.40
PRrER2E S/ (ug > g™ 1) 0.28 0.27 0.17 1.73 6.92 4. 96 0. 30 0. 07 0. 29 2. 84 0.08 0.32
YEH BE A 1gC 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 —0.02 0.00 0. 00 0. 00 0.01

W% RSD/% 0. 82 2.0 3.8 3.0 1.7 2.3 3.3 5.2 6.1 3.4 3.3 3.7

R A~T ARG THR Y], As . Sb.Bi.Hg 4 LR
O HERE B3/ T 0. 05, & BV R IR 3 LAY
TERBEEL/NT 9%, SREEER LR 3 AU L

RTCEEEEY/NT 10%, 54 CGHER 72 52 % 2= 1l
RS EH I (DZ/T 0130—2006) Fi¢l : 5 F X
3R b R R A A ] ) (DZ/ T0001-1991) By E R ,
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Table 5 The element of Sb results of experiments
S GBW GBW GBW GBW GBW GBW GBW GBW GBW GBW GBW GBW
07401 07402 07403 07404 07405 07406 07106 07107 07108 07307 07308 07309
12 WHEIME Ci/(pug = g=1) 0. 87 1.31 0.45 6.31  34.37 59.36  0.63 0.18  0.43 2.56 0.23 0.78
REfE Co/(pg* gD 0. 87 1. 30 0. 44 6.30 35.00 60.00  0.60 0.18 0.43 2. 60 0. 24 0.81
PRrE2ZE S/ (ug - g™ 1) 0.02 0.12 0.03 0. 25 1.01 1. 44 0. 05 0.01 0. 04 0.11 0.03 0. 04
R FE A\ 1gC 0. 00 0.00  0.01 0.00 —0.01 0.00 0.02 0.00  0.00 —0.01 —0.01 —0.02
W% RSD/% 2.7 8.8 6.9 3.9 2.9 2.4 8.5 8.2 9.6 4.1 12.5 4.9
*6 BIiTEXIRER
Table 6 The element of Bi results of experiments
B GBW GBW GBW GBW GBW GBW GBW GBW GBW GBW GBW GBW
1
07401 07402 07403 07404 07405 07406 07106 07107 07108 07307 07308 07309
12 WHEIME Ci/(ug = g~ 1.25 0.39 0.17 1.03  40.97 48.70  0.19 0.24  0.16 0. 67 0. 20 0.43
FRUE(E Ci/(ug s g D) 1. 20 0.38  0.17 1.04  41.00 49.00 0.18  0.23 0.16 0. 66 0.19 0. 42
U2 S/ (ug » g 0.09 0.03 0.01 0.03 1. 67 1.02 0.01 0.01 0. 00 0.01 0.01 0.01
R FE A\ 1gC 0. 02 0.02 0.00  0.00 0.00  0.00 0.02 0.01 0. 00 0.01 0.02 0.01
W% RSD/% 7.1 7.6 5.1 3.4 4.1 2.1 5.8 5.7 2.2 1.7 5.5 2.7
Rx7 HgTEXWER
Table 7 The element of Hg results of experiments
. GBW GBW GBW GBW GBW GBW GBW GBW GBW GBW GBW GBW
& 07401 07402 07403 07404 07405 07406 07106 07107 07108 07307 07308 07309
12 W PH1E Cj/(pg - g71) 33.60  15.54 59.79 597.19 288.80 71.08 815 10.12 16.08 55.24 43.91 81.19
FRUEME Cs/(pg s g™ 32.00 15.00 60.00 590.00 290.00 72.00 800 10.00 16.00 53.00 42.00  83.00
RUERZE S/ (ug s gD 2.56 0.73 .70 15.04  9.03 1. 48 0.31 0.31 0. 24 3.70 2. 86 3.57
Wt B AlgC 0.02 0.02 0.00 0.01 0.00 —0.01 0.01 0.01 0.00 0.02 0.02 —o0.01
Y% E RSD/% 7.6 4.7 2.8 2.5 3.1 2.1 3.9 3.0 1.5 6.7 6.5 4.4
o 261-270.
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