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Evaluation of Measurement Uncertainty in Determining Gold Content
in Gold Ore by Atomic Absorption Spectrometry
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Abstract; In accordance with GB/T 20899.1-2019, a mathematical model was established to analyze and calculate
uncertainties from various sources in determining gold content in gold ores by fire assay combined with atomic absorption
spectroscopy. Based on the combined calculation, it is shown that when the gold content of the ore samples is 2.28 g/t,
the standard uncertainty of this method is 0.04 g/t, and with a coverage factor k& = 2, the expanded uncertainty is
0.08 g/t. Comparison of uncertainty contributions indicates that repeatability of sample measurement and standard curve
fitting are the major influencing factors. Therefore, it is recommended that measuring instruments should be kept in
optimal condition, and the number of replicate measurements be increased to reduce measurement uncertainty.
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Table 1 ~ Multi-elemental analysis results of gold ore %

Aul S Fe As C K,0
2.28 1.02 3.75 0.80 0.20 4.40
Na, O Ca0 MgO Si0, Al 04
0.66 0.069 0.59 65.16 15.79

1) B4R g/t

1.2 EENEEMIRXF

T B B AAUTE : AG135 B H, T~ (M -
FEAZ) R iR 2 +0.1 mg; XP06 B HL, T K- (#
FRh-FTH2) i R A PR 2 +0.01 mg; SPX622ZH A4
BRI R AR 2 +0.01 g5 SX-6-13 KI5 1 A
SL-12-13SJYW #U =X H BH P s WYS2000 Y 07 i+ i
WA SEACRE T (B 228 O BIRKT ) 5 1A M s, B B Ay it
K FSFRY) 300 mL; BERPKIL, 25729 15 mL,

IR TR AL 48 T oMb i 3R ok R A L B B Ry L SR fk
B D AR RE GHIRER , o Al ER R IR £
KRR AR T AR L 3 - IR A WAL, 58 FHK A
—goK,

S E A B B RN 4 A oE U R 0 T A i
GB/T 20899.1—20191il £ 1.00 mg/mL 4 by fiff & £
TN 100 wg/mL EAREIR K
1.3 WP ER

FREL30.0 g FESL AGTHE 0.01 g K H SRR M |
AT BRI AR IR AR RRETIE A 5] K
ANZEEHBRN BB 1.0 mL R RRARIA W, JF 7 5
K10 mm JERYBRERENFIENE 54, B 1800 CH
BEA TR 2 930 CHAREE 15 min, SRIF kL THE E

1100 °C, 445 10 min J5 B0 . A ERIER JLIK, K5
W B A C WA AL R REHS RS IS H
IR B ok, KR S AN E TR AR,
900 CHEATIKMK, LI WA A, i /K e 541
T TR, AR5 R MK e 25 2 50 mL,
Rt ATAG I
1.4 FRAERRRIE S

TE— 41 100 mL 250 ARUA 0,1.00,2.00
3.00.4.00.,5.00 mL 4 hRIERR (FTEHRE 100 pg/mL) ,
BEJE A 5 mL hRIEW(1+19) , KR B 20, 58
AIRAY A8 — AR TR, W 43 318 0,1.00,2.00
3.00.4.00.5.00 pg/mL.,

2 R 5iHE

2.1 HFERIMNE
JE IO R 52 4 B A P 4 o BT
W
w,, = PP X (0

m

K0, NETRE, o/tip N A TAEMZE AR AR
(4 R | we/mLsp, A H TAEMZ AR H 2 H
R4 IR, we/mL; VR 9 SR FR mL; m
SR g

IIATEE R/ NT 10.0 g/t B 25 AR B WL/ VB 0
Mras KT 10.0 g/t B, &5 5RO — /N
22 AWHEERES

A IR M 35 2 0 o 4 A P 4 i, R
B B EBIE T 5 A J5 D A b i A v W C )
ARHRE P ; @ FE & 7 Bk E O B AP A R B S i 2
@) Ry I Y AE 5 25 72 A RS 58 1 5 ) R 5
S 5 R A8 E 1 5 © FRdE T &G 7 A
E=8
2.2.1 EAREAEE IR ELR 6 R TR

SRILEEE P 4 (99.99+0.01) % , VL3451 43 4 fil
B AR BT AR EARTEE w(P) N

= 0.005 8%

VU FE X B AN E BE e, (P) N -
0.005 8
99.99

ARSI I 8 -FE R 2 XP06 1 - K7 FR
alidy FR KSR ZE20.01 mg, FR IR 22 ¥ 76 I X [R] 48
AU AR, FiJE 2 UOPREL, SEpR i s Bedr , 75
PR, Ul AR B T A BRI E BE w(m,, ) A :

u,,(P) = = 0.000 058
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0.01 FREUEE i 30 g B AT ARAEASEA E B w,, (M)
! 3 u (M) = = = 0.00027
m=050 g HTJ"*HX‘—J-*/—J?‘{EZ:EE%E u’re](mAu)j'\j: JE il e e N . s
0.008 2 2.2.3  FEMEiR RSN R A R AR
wa(my,) == = = 0.000016 SYBIMUR 0 VRS A L2 A 10K 50 mL

SRFH A 9500 mIL 2550, MR JIG 196—20061
HA R RVFIR 2 R £0.25 mL, W) 25 15 22 7015 [X 7] 2
FEHL 0.25 mL, ¥ =M AifhE Y k=./6 ,ffi ] 500 mL
ZRIMESR 2 W, A5 IS TR o 5 R A b o AR
BE u, (V) M

0.25Y
(Vi) = |2 X [ﬁ] =0.14(mL)

FENIREES 5 C , BRI R AR IK &
B R 2.1x107 C71, ph e AR I IR BRI B 43 A5 DX [
PGE = Vo x5x2.1x 107 (mL) , LLSE K 43 A £l L
k=3, 500 mL Z IR EZS 2 W, AR L5 R i hR
AR ESE uy,(Vyy) s

500 x 5 x 2.1 x 1074
(V) = JZ X ( 5 J = 0.43(mL)
25 I, ARG AR BB EATRE R w( V) M-
u( Vi) =/, (Vi) + 1, (Vigy)
=./0.14* + 0.43% = 0.45(mL)

W 2 YKAE 25 500 mlL 25 H5 0 A0 X bR o S B

FEH

(Vi) = % =0.0009
DL b 2% UG 5 2 o3 B A LM ST BT DL AR v i
A RE T ) A AR X R FEAN B E L w,, (A)
u(A) = ure12<P) + urelz(m/\u) + urelz( Vsoo)

=./0.000 058> + 0.000 016> + 0.000 9
=0.0009
222 FRAR BN R T
HRAE DZ/T 0130—2006 ( 3B 5 7 7= 52 56 % 1 38
HEEBMEY " E B2 EREE IS 1T 0.07 mm § R
G55 FHERE AT RE 38 5 AR PR LE Rt AT
Z W AR SR AR RS A AN 2
RER H SPX622ZH RIFL i K-, e K e iF iR %
+0.01 g, PRI 2 WA 8N B LA i E f
AR G | AR AN E B w( M)

M) = ZX(WJZ—OOOSZ
u(M) = 5) Y (g)

R E SR
FAHE = A BAREAS T EE N w, (V) o ARHE JIG
196—2006, A 2% 50 mL %5 & S 1F iR 22 4 +0.05 mL,

AL k=6 W u, (V)= ()'%05=0.020(mL)O

IR AL P= A R AT E R u, (V) KA
ETE 20 CRME, M SC B = AE+5 CA25h, il
AR5 1 A T 3 i 2 AR B Bk 3R
BORIEATIA WM R AK B KT 25 i i
UK, ik, R % R

KR BUZ I R A 2.1x107" €71 H ek ™
A AR S A £50x5%2.1x107* Bl £0.053 mL, L)
FOE Al k=3, 0] uZ(V)=O';353:0.031(mL) .

ERMBN 50 mL B, A AR HE S #f 2 JE
w(V)R.

w(V) =/u (V) +u,’(V)

= ./0.020> + 0.031% = 0.037(mL)
DU AR5 00 8 R R 5] AR B RE X B E R W E
urel( V>ﬂq:

uy(V) = 0057 _ 4,000 74
50
2.2.4 FsE LN F 5| A RAEE
RGP AT, X &u BT T 7 ol
SENE S5 RN :2.19,2.30,2.35,2.21,2.25,2.27,
2.42 EARNME N 2.28, AN h g/t
YR 2 25 SR R B w(w)

w(w)=S(w) = (2)

PTG u(w) = 0.081(g/1)
I BRI w0y ) B -

0.081
u(wy)=——=0.031
(wy) 7 (g/t)

DUIAH X BR MEANRE B w, (wy ) N
0.031
urel(wT,,) = ﬁ =0.014
2.2.5 AR LA R R B TR
bR TR A VR B S WO B s LR 2, AR
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Table 2  Concentration and absorbance of gold standard solutions

*T«Emﬁzﬁﬂg(zwx W't e
pa/(pg-ml™) 4 A, As Ay Agmip
0 0 0 0 0 0.001 2
1.0 0.1012  0.1001 0.1006 0.1006 0.1012
2.0 0.2023 0.2049 0.2046 0.2039  0.2012
3.0 0.3012 0.2998 0.3015 0.3008 0.3012
4.0 0.4030 0.4029 0.4031 0.4030 0.4012
5.0 0.4999 0.5000 0.4985 0.4995 0.5012
05F
04}
03}
=
ES y=0.1x+0.0012
Xo02k R=0.9999
0.1}
0 -
1 1 1 1 1 1

0 1 2 3 4 5
i U B / (um- L)
1 ERESRNBREESRENBIS L
Fig.1 Fitting curve of absorbance versus concentration

for gold standard solution

1 TS, A-p B/ N RIS TR .
A=a+bp=0.0012+0.Ip (3)
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ZEREPLIR 22, BRI S A BRI (22, B

BRI AR 2E B a0, B8 — R i sk =

PR 22 AT, B A 0 Fbraedm 22 A o
2 > (yy —y:)" + me —(a+bp)
s= [ - (4)

kem-2

Sy 2 Z<yl,—yl>2%eﬂuq¥ﬁ%n Tt

i=1 j=

14 2 i/\/MVJ@T,B?ﬁEEuWi{E H5HAZFY
ER 20, B R BT R PR 22, %
SR ZE RN 7.74%107°,

EEAY D mly, - (a +bp,) 1 EEIFE I,

i=1

BT A R KO 7 5 1 y, S5 AR 4
B ELEITERN Y a+bp, Z2ZMF5M, I HEE
U m AT IR, B S BT 0 25 B2k R B
RSN 46.14x107°,

RE k- mo— 2 FoRBHAM S A R BEEG kPRI

VAR MR FEE KT8, me SR B VR 7K T Aol i YR,

Eo\ﬁzﬁ ko m, BFATT 2 S8 EEE o FIRPR D),
TrBEZ 20 A0 AR W VA R I o A 4 25 AR P 3
6 K-, B AW A 3 K, B k=6,m =3,
kE+m-2=16,

B BRI R AERACAK (4) | SKRAT 5 e O
B %2 R ifE R 2= S 4 0.001 8,

R B B8 25575 R See SEAm e i 2 BT AT A 1 s vk
JEE 55 P R4 B O 22 1) °F- O 0, HG s LA T A
Y 2R BE A A BORE S . Scee BT .

i
Sece = Zlm-—ﬁ)z (5)
kKR k=6,p=(0+1.0+2.0+3.0+4.0+
5.0)/6=2.5 pg/mL,p, AT 45 s A0 A VS Uk
fEp,,  AIHE ,Sce=17.5 pg’/mL’*,
T o HH LA B 7 2 A AR U R w (p) TR
AR

u(p) = J+ (6)

KLrHr.S %ﬂ‘m{ﬁ{ﬁmwj‘ﬁﬁ@%%lﬂ%ﬂﬁﬁai;b i bRifE
M2 R PR RE b DU B R B e R WA o i
TN 1 BB p R R LR 7 R SR AR IR T 34 7k
FE s p ARHERS IR 0P IR E

X RE A TR P 4 ) R TAT I A 7 UK R I
W BE B UL 3,

(p p)

&3 HE@NEREEYRE

Table 3 Measured absorbance of sample

R R WG A pa/ (g + mL7")

1 0.1327 1.315

2 0.139 4 1.382

3 0.142 4 1.412

4 0.1337 1.325

5 0.136 5 1.353

6 0.137 4 1.362

7 0.146 5 1.453
F-HE 0.138 4 1.372

ARG DA (A i IR B S0, M P A e il 2K
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T i 46 %

4 p=1.372 wg/mL, [FH £ $=0.001 8,6=0.1 mL/ug,
P=7,n=3x6=18,Scc=17.5 pg’/mL’,p=2.5 wg/mL
FRAZL(6), 3K u(p)=0.009 4 pg/mL,u,(p)=
u(p)/p=0.00638,
23 BRMREAHTEE

S AR i A I P R X R AN S B — Y e
F4PUR,

x4 STARRENENENITERHEE KR
Table 4 Relative standard uncertainties for gold determination

in gold ore samples

M AR FRB i A
w (e ) B I e AN R 0.014 N
ualp)  FRUERMEILE T ERAHE R 0.006 8
ua(A)  BFRUEGE SRR AT E B 0.000 9
wa(M)  FERFRES RS IARAHER  0.000 27 B
wa(V)  TRUERERSRMAEE  0.00074

45 AN A B 43 i AR 56, K 45 4 X o
AN FE ST AT G
urel<w) = [(ufel(wﬂF) + ufel(P) + ufel(A> +
W2 (M) + (V)]
AT
u, (@) =1[0.014> + 0.006 8 + 0.000 9* +

(7)

0.000 27 + 0.000 742 %
=0.016

B AR EAE R w, (w) N

u(w)=0.016 x 2.28 ~ 0.04(g/t)
VBAREE
FRAE JIF 1059. 1—2012 il & AN 2 B 1T 5 3%
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Fig.2 Sources of relative standard uncertainty for gold content

FriA
A

in gold ore samples
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