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B 19 g mL ), R (1.42 g » mL™ '), mAR
(1.67 g+ mL "), ZHER(1.15 g« mL ") 10 F1 B R V4 WK
BRI At 2, AR A H Ay 18. 2 MQ » em@25 C,
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4% 81 S GSB04-1725-2004, GSB04-1742-2004, GSB04-1761-
2004 (| A 64 J8 K i F AR sho) . BR — 90

e-mail: 2096689260(@ qq. com



2102 ik 56 4

842 %

AR UEY) T4 5 S GBWO07103 (GSR-1) (H [E] 1l JiT B 27 B Hh
Ry P ERAL F R E RO . KBRS A A KR
F R AR X R R LIl R &Y.

A3-AFG JFEF W OGS (A6 50 3% #r 38 A - FA2004N #Y
ML A3 AT ROP (R RS 3 B 2248 ) . SXL-1008 FE 45 48 2 iy
1. SB-4 AR EISEHA) L 25 mL A4 (A 20, 50 mL
FE(A %, 100 mL FEIFA FO . RIERS B, 1.
2,5, 10 f1 20 mL B E (A 2.
1.2 FHiE
1.2.1 H&4 4

FESE G AR, 1 200 HFE, BU T REES T 105 CF
BT 2 h, BT TIRAST RIS, MEFHFRE 1. 000 0 g K
i TR UG B AR, oK g R RE . AR R 25 mL,
i BRI T A AR B AWE 5 min, BCF RS, A 10 mL
IR A Z R W R BN, O . K W sk 2 E IR R 2% .
ANERMR 40 mL, @AM 8 mL, MAESHHERE AM, IF
BH, WhEARRE R ARSI E A E S TR, A S
mL A+, 5 mL I MIIRER. IR EHKER. ¥
WEHHE 25 mL Fild, EF2ZE, 824, WHE 20
min FEJ .
1.2.2 474 % %) 64 B4

HERR RS U . By A BE AR HEVE W 1 mL 7 100 mL 25
L ERRZIE, A, BE) 10 pg o mL AR E A R VS
B0, 1, 2, 3, 4 A1 5 mL FlAR EH 8] %% T 100 mL %5 &
W, EAEEZE, B4, BAMRERS, WEN 0.0,
0.1,0.2,0.3,0.4F0.5pug+ml™"; HO0, 5,10, 15, 20
125 mL Z bR AR T 100 mL F8lT . X RAIE .
o), BEEARUER S, WBEH 0.0, 0.5, 1.0, 1.5, 2.0 Fl
2.5 ugemlL ', BHL 0, 4, 8, 12, 16 Fl 20 mL 445 [A]
BT 100 mL i fid, @5 EZE. 85, BABRIER
G, WeBEH 0.0, 0.4, 0.8, 1.2, 1.6 I 2.0 pg *» mL™",
1.2.3 MBEIELHK

A D R S T AN A A RN R i, SR e
THESHWE L.

K1 MUBEBIESH

Table 1 Instrument operating parameters
JLH Cu Pb Zn
K /nm 324.7 283.3 213.9

iy 96 /nm 0.4 0.4 0.4

ST HL I /mA 3.0 2.0 3.0

B R AL 0.6 0.6 1.0

Uyt ra] /s 3.0 3.0 3.0

BRI A 5 B/ mm 5.0 6.0 6.0
KGR Air-C, H, Air-C; Hy Air-Cy H,

1.3 SHRERES
1.3.1 #&Em®

Fie bR J7 ik BERE B IR R A 12 s . R A R
D% 2, ARY% HI 168-2010 Hoe TAR tH BRAG M 20, 1158 12

U it 225 SR 0 MR 2+ ) P = A A ol O 22 A A 30 2 003K
Ao th FR . A5 B SCAS X5 LB BRI RS BR 20 i S 0. 016,
0.096 F1 0. 003 pg » mL™",

x2 TAHGMNRLERERHR
Table 2 Measurement results of the blank samples

and detection limits

e ; _ T U Kt R/

-~ bl (pg* mL™1)

JCH WEME/ (pg + m %  (pg+mL 1)
0.022 0.014 0.014 0.014

Cu  0.006 0.022 0.022 0.014 0.005 0.016
0.022 0.022 0.022 0.014
0.147  0.147  0.082  0.147

Pb  0.082 0.147 0.147 0.082 0.032 0.096
0.082  0.147  0.147  0.147
0.004  0.006  0.004  0.004

Zn  0.004  0.006 0.004 0.006 0.001 0.003
0.006  0.004 0.006  0.004

1.3.2 #HEHE

FIR b3 7 5 b 5 A B i GBWO7103 5 (4 . 4% Al
FEEME 10 R, MELERINE 3. MIECH AT WS
2B o BT e XIS R W R, AR EE A
PO A RIVER B A 0 B AR OV A 25 AR PR R A S 1. 00, SR
PR S ANEE B9 H O DR 22 SR VR 43 B A 30,0006, 22,15 %
A1 22.53% o M LE A9 A X 22 % (D

X, — X
RD = =

KD . RD A X MR X a2 5 a9 ¢
BIE . TERR . BRUE 10 VM 2 25 2 104 R X I 22 35 /08 0 %
e e bR, I B A 2 A4
1.3.3 f#HE

o 7 9 D e 5 R A AR T AR 2 AR R PR AR T iR 22 4 K
MR35

X 100% (1

Yy = =Y¢ (2)

=5 x 100 % (3)

K @MA . Yy AR RZE R, Yo AR i 22
VPR, RE PN 25 R AR R 22 Xo N EE . X W s
B VHE L AAVEE 10 YOl 45 2R AR AR N 18 22 24/ T AR 0 1R
22 SRV R A Hh o R

x3 MEHRNESR

Table 3 Measurement results of standard samples

28 il Y B
W/ (pg gD 3.263 30. 683 28. 046
HeAF(E/ (pg e g D 3. 200 31.000 28. 000
IR/ % 1.969 —1.023 0.164
AAXF 3R 22 SRIFBR/ % 21. 21 15. 66 15.93
A% 22 SR VEBR/ %6 30. 00 22.15 22.53
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w(Cu, Pb, Zn) = %/ €9

O w(Cu, Pb, Zo) s A A AE & i, pg -
gl c NSEI AR RO . AR, pg e mLT s V ORIR
B R, mL; m HIFEFUE, g,
2.2 AHEEFRBESH

R it TR A S 3t et AR v A A T R VR R G LR S
AND5TL BRI R R A L R AL A il 2R Y T
Pk 1 2 e/ — e LA DA B E A i CIRT D) T R X DL 1
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Fishbone diagram depicting sources of uncertainty
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Fig. 1

2.2.1 HBARFTIANGTHEZE

Y P R 73 BEA d=0. 1 mg, F KPR (H max=
200 g, K E P EM e=10d=1.0 mg. W T REKEMN
T ) o 56 T R WA HE 20 R R e T R A BE R n—

X BT 1 G KT, 528 s BRERURE & 1,000 0 g, bk

’
e

IR MPE=+0.5¢=40.5 mg. ¥ 0. k=3,

e o 0. 000 5
@T(EZ:EEKEE Uy — 2
V3

X AR HEAE TS BEAT U R AR B A R 2 s =

0. 000 08, ui, =

=0.000 29 g,

£ =0.00003 g.

Uy = «/ M%1+M%1 =0.000 29 g *HX¢+E‘{E/{\%%§ Urel(1)
:j‘—;:o. 000 29,
2.2.2 BBIHMIANGRHTE

FE it T A S 58 42 00 i e R P A Vs e R A T B0 4
A RN LT 100% , AHXFARAEAR I E B R 5 —=R
(Dit&E

a= 7(Rm;.x — Rui) (5)
a

U, = — (6)
G

Urel(z) — MZ/R 7

Forbre a DXL GEBE s RO bR ERE PR L BB Y ]

AR tracew =0. 034 624 waepy =0. 031 33, thaom =
0. 001 50,
2.2.3 HmEBEINNG R TE

WEEHME, B2 25 mL AEMPEsR, thadfed gl
A BANH 5 PE AL HE =AEB 45

R P B 3 AR RS R X B AR R A R A
ZEMIIE . 25 mL A AR AR VF IR 2E 8 320,03 mL, #Yy

515340 umzo'—o‘%:o. 017 32 mL,

J3

SR AR . KT 25 mL ZF B E 45 10 K, AR

ST A5 UK S5 R 4% B 20 °C B K 1 5 R 0,998 20
kg m PR E R AR, 10 WEFEBRWRMEMRZE s=
0. 000 60
0. 000 60, ungim
W AR I KR AE (20£5) CHu P AEfk . 20 CHf 7K 1
EBUE K Z B 2.1 X107 C Y, #5410, mikES iR
B A E R uss =25X2.1X107 X5//3=0.015 16 mL,

us = o/t +ul - uls = 0.023 02 mL

Urel(s) = L‘; = 0. 000 92 (8)

2.2.4 AR R P BCH FI NG R A R
e 1 s oA R 470 e R ) B R AR M VS WROE S 45
HIAH T T R AT E R 0. 7% (b=2)» M e, =0. 003 5,
TC T AR v W T A 100 mL AR AR af i 25 0 0. 1

mL. % ¥ 55 M. u, = Of'—l =0.577 35 mL. wau» =
3

=0.000 19 mL,

0.005 77,

PRUER S B B, 0 1. 2, 5, 10 1 20 mL B
&L BRI 0,007, £0.010, £0.015, +0.020 Fl
£0.030 mL, # ¥ 5 4M. AN EE 4 53R 0.004 04,
0.005 77, 0.008 66, 0.011 55 Al 0. 017 32 mL. #HX} RN E
BE 4% W] 0.004 04, 0.002 89, 0.001 73, 0.001 16 F0
0.000 87, bR ZRFIECHI LA b, A 1 mL BWRE 2 .
2mL B 4 . 5 mL B 1 IR, AH X AR A B € BE
Urel (43¢0 2X0.004 04" +4X0.002 89*+0.001 73* =
0.008 31, FprifE R IR HI AR d, #H 5 mL BRE 3 K.
10 mL B4 2 K. 20 mL B 2 WK, MR bR oA B 0
Urercanp, = 0. 003 63, BEARHE RFIFCHI L R rh s (] 1 mL B
2w, 2 mL B 4 K. 5 mL B 2 K. 10 mL BIRE
2. 20 mL BB E 1K, M X b5 MEA B E B sz
=0.008 68,

Urel(1Cw) — M%«l(m + Mfcltm + ufdus(‘u) = 0.010 70;
Urercpyy = 0. 007 675 treyszey = 0.011 00 9
2.2.5 RADZFRMEFING R EE

X R HE S AT S (R ), 7 B (10) AR (1)
A7 v b 2R 4005 3 R TP S B TR

u = (s/a)N/l/erl/nJr[(c‘—co)z]/E(q —)?
j=1

(10)
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s = (2[A,—<ac,+b>]’—))/<n—2> (1D
A s R e WO L M) BORAR HEDE 5 a D b HfE B 2R ) )
e p JoRE S E I E DB (p =105 n g b M 2R A E 534
B =18 s I RE I E 25 R P B pg » mL s oo bR

BRI EE . pg e mL 5 o FRMERREE, pg s mL ',

THEAARMERE T tacew = 0. 007 48, taiey = 0. 003 06,
Uracszm = 0. 003 85, O FE i traew = 0. 006 35, wracspyy =
0.003 15, #racsza =0. 004 21,

R4 MEBRREHRNEERREXSH

Table 4 Calculation results and relevant parameters of standard curve and samples

il G4 B

1 0. 00 0. 001 0.0 0. 000 0.0 0. 004

2 0.10 0.013 0.5 0.007 0.4 0.150

3 0. 20 0.025 1.0 0.015 0.8 0. 295

4 0. 30 0.038 1.5 0.023 1.2 0. 427

5 0. 40 0.051 2.0 0. 030 1.6 0.561

6 0.50 0. 065 2.5 0.038 2.0 0. 690
co/(pg» mL™1) 0.25 1.25 1.00

i v il 2 A=0.127 7¢+0. 000 2 A=0.015 3¢—0. 000 2 A=0.342 5¢40.012

A BB 0.999 6 0.999 8 0.999 7
HOFEM M/ (ug » mL™Y) 0.198 6 1. 456 6 1.2327
FRifERE S8/ (ug - mL D) 0.130 5 1.227 3 1.121 8
s 0. 000 4 0. 000 2 0.003 6

2.2.6 THEMHMEBIIANG R EE
X AR HEARE i B O RE S HEAT 10 YORAT IR T R E R

T P bR VAR 22 5 B ST S = ——— . PO A AR MR
/10

Ureicsen = 0. 013 99, wricspy =0. 011 80, teiozm =0. 000 72, &
DA tagen = 0. 011 48, wa@eny = 0. 010 49, ez =
0.000 74,
2.3 ARMETHEE

FH wa = Wy T ey + Wa T Wi + tac) + W
TSR VR i R B A B E E N wacen = 0. 039 57,
treicoyy = 0. 034 505 treiczmy = 0. 011 81, A Lo FE ity G JEUAH X 47
A E E N teccn = 0.038 55, wripy = 0. 034 084 ez =
0.011 94,

BB 05 B = S T A MR o —
0.129 10 pg = g ' . Uy =
0.331 24 pg - g e AHOHER ucn =0.191 42 pre g,
tepy =1.241 04 pg » @' ez =0.367 84 pg = g ',

2.4 FRAWMEE

BEEMRN 9500, MEEETF k=2 {189 B AR

i U

s Uepny, — 1.058 42 pg * g !

U = 2u, (12)
DIFRHERE S Ucco =0.258 20 g+ g 'y Uy =2. 116 83
pge gty Uy =0.662 47 pg » gty HOREM T Uy =
0.38285 pg =g 'y Um =2.482 07 pg + g 'y Ugw =
0.73567 pg+g ',
e X S R R A R A I 4 R 1

P RE BOf 7S iR YR AN 8 L B9 b A (I 20 A5 R ma R
T 5 JBE 1Y) 2 IR B O AE S A L A R S RO BC R L AR o I £
PO R T A PR A o A R S PP L R A AR AN
FE BEVEAE W45 RN T AR MEIE 45 56 P 45 € AN s BE o B X
FL AT A N ST IR O 3 0 T e R R R
B Y 5 1 B L R i

0.04-
=
; it
0.03- <§-— (I #%
0.02

Relative standard uncertainty

FESLAREL FESAR REGOER bRMERS di/h oA SR
Uncertainty component

B2 moEmaPE. SAENEEREANTIHEESE

Fig. 2 Relative uncertainty of copper. lead,

and zinc in core sample

(L J W WA ' i 300 4 1 1) B2 O B8 AR AR T s Jo A i
RS S R AR AR 4R T A S IBORE B s E A ARk
P v i RE T W B RO MR . PR e ROL (. DA ROR
TEJE .

(2) o ¥ 28 50 32 90 IR — i R B2 52 o 00 4 205 2R 1)
P AT LS S AT TS 30 R 1 I a0 Hh oT 3R R R g A
it PR — 2D TR R AR UE AR B A YR R A S AT R A A R AR
FRICR MG B IS5 B0 Y b o il 2R 58 R BOR T 0.999 5
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B o 00k 2 SR W A ] 5 B AR FVRERY A 4 9 g (4. 96540. 383), (36.415+2. 482)

(3B INAR V2R 51 ik BE A5 R R0 R S I R B, W/ (30,8180, 736) pg o gt A 4% Ol VB A S i RE

0 25 2 R B v R 2 L LA AR A I LB AR E AT, MERITE T MRS R AOR T E . R T %

WOEHIARAE RS BB P IR, AT, ) BRI R AR b A LG . Bk T B Bs /N X 26 [

S IR AR L R ARE TS B E BN B RS WU . TR AR E R ENGEA SN A R b e R N i A U R o R (S Ry G

B E 1 5 g L S B, 18 S B 07 0 e R AR . TESA AR R BR TR
HERRI E AR R EE A X
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Uncertainty Evaluation and Method Improvement of Determination of
Copper, Lead, and Zinc in Rocks by Atomic Absorption Spectrometry

HOU Ya-ru, LU Ji-long®, FAN Yu-chao, Abudusalamu « KADIER, TANG Xiao-dan, WEI Qiao-giao, GUO Jin-ke,
ZHAO Wei
College of Geoexploration Science and Technology. Jilin University, Changchun 130026, China

Abstract The determination of trace elements in Geological Samples by Atomic Absorption Spectrometry is simple, rapid,
accurate and economical, which has been widely used in geological laboratories. However, the complex pre-processing process
and testing process will inevitably introduce uncertainty. According to the general requirements for the competence of inspection
and calibration laboratories, the uncertainty of measurement results should be properly evaluated. In this study. the
concentration of Cu, Pb, and Zn in the national standard rock sample and a core sample from the Qujia gold mine in Jiaodong
were determined by Atomic Absorption Spectrometry after electric heating plate digestion. Three times the standard deviation of
the blank samples test results was calculated as the detection limits. The results of the standard samples and core samples are by
the requirements of DZ/T 0130. 3—2006 on the accuracy and precision of the test. The bottom-up method was used to evaluate
the uncertainty of results in the laboratory. The sources of measurement uncertainty were determined, including sample
weighing. constant sample volume, sample digestion, preparation of standard series, least-square fitting and repeated
measurement. The value and expanded uncertainty of six uncertainty components were accurately calculated. Among them, the
last four components are the main sources of uncertainty. The results show that the uncertainty of the measurement results
ofcopper, lead, and zinc in the standard samplesaresmaller than the uncertainty given in the standard certificate, the
concentration of Cu, Pb, and Zn in the core sample is (4. 9652 0.383), (36.415£2.449), (30.818 0£0.736) pg=-g '
respectively. The uncertainty of six sources is compared, and some improvements are put forward when the content of Cu, Pb,
and Zn in rock samples is measured by this method: adjusting the sampling mass or constant volume to improve the concentration
and absorbance of elements in the solution to be measured, adjusting the concentration of standard series to make it close to the
concentration of elements in the solution to be measured, increase the measurement times of standard point and the solution to be
measured, the pipette with small relative standard uncertainty should be used as much as possible if necessary in order to reduce
the measurement uncertainty. Evaluating measurement uncertainty as an effective tool to guide the improvement of analytical

methods and test process is of great significance in the accurate determination of trace elements in rock samples.
Keywords Atomic Absorption Spectrometry; Uncertainty; Rock; Copper; Lead; Zinc
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