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Uncertainty Evaluation for Determination of Trace Elements
in Rock by Inductively Coupled Plasma Atomic Emission Spectrometry
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Abstract: The sources for the uncertainty were analyzed in detail for the determination of trace elements including cop—
per zinc plumbum manganese nickel and chromium in rock by inductively coupled plasma atomic emission spectro—
metric method. The main sources of measurement uncertainty come from sub-uncertainties of the analytical balance ana—
Iytical glassware calibration curves calibration solutions reagent volume and repetitive measurements. Each sub — un—
certainty combined uncertainty and expanded uncertainty of the measurement results were calculated and the report
form of testing result was obtained.
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0.2 MPa 1. 2 mL/min; 20 s.
CP225D( Sartorius ) 0g~220g 0.00001 g.
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74 pm 105°C 3h
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(xcce —13A 1 mg/ml. Cu.Zn.Pb.Mn.Ni.Cr 24 ) SPEX
. 8% 0.1 pg/mL.0.5 pg/mL.1.0
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HCI.HNO, .HCIO, .HF ; ( 18 MQ) ;
99.995% .
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0.12500 g N =10
0.12503 ¢ ( Bessel Formula) s(m)
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u,(m) = s(m) = 0. 003 = 0. 001 mg.
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0.006> +0.003* = 0.007 mg.

u(m) = Ju,(m)® +u,(m)’ =
0.12500 g :
u(m) _ 0.007 _
= s 0. 000 1.
3.2
3.2.1
(1)
(p, = 1000 pg/mlL) +0.5% k=3
1 000 x 0. 5%
w(p) = — 5 ~ = 2.89 pg/mL.
w(p) 2.8
b T 1000 0. 003.
(2)
1.0 mLA 1000 pg/mL 100 mL. A 10
g/ mL . 1.0 mL.5. 0 mL.10 mL.25mLL. A 10 pg/mL
100 mL.  50mL A 0.1 wg/mL.0.5 pwg/mL.1. 0 pg/mL.5.0
g/ mL $
1 (k = 6)
1
Table 1 Uncertainty from the measuring vessels in dilution procedure
1 mL 5 mL 10 mL. 25 mL 100 ml 50 mL.
V,/( mL) 0. 008 0. 025 0. 030 0. 100 0.10 0.05
u (V) 0. 003 0.010 0.012 0. 040 0.04 0.020
w 0. 003 0. 002 0. 001 0. 002 0. 000 4 0. 000 4
1
”I(VV) = 4/0.003% + 0.002% + 0.001% + 0.002% + 0.000 4% + 0. 000 4*> = 0. 004.
(3) :
2 2
wle) [“1(”1) |+ [”'( " | = /0.003* +0.004 = 0..005.
p o V
3.2.2
3 (pg/mL):0.1.1.0.5.0;
ICP-AES 3 6 I, =ap, +b
a b1 i 9y i
2.
P (2) I;
(3) u,(p) - 3.
z I, = (ap; + 1) ’
_ i=1 j=1
5= mn — 2 (2)
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Table 2 Linear equations and correlation coefficients of components
I;
p:/( ng/mL) I, 1, L
0.1 964 78 965 79 968 97
Cu 1.0 980 424 981 567 980 986 0.9999 I; = 978 673p; + 373
5.0 4892 120 4897 230 4890 803
0.1 130 567 131375 131 068
Zn 1.0 1264 478 1265783 1259778 0.999 8 I, = 1303 127p, - 17499
5.0 6502 390 6501 987 6502315
0.1 9054 8997 9 065
Pb 1.0 89 846 89 883 89 907 0.999 8 I, =91242p, — 659
5.0 455230 456 132 455 673
0.1 635 872 635 467 635 678
Mn 1.0 6429 058 6430 123 6430 004 0.999 9 I, = 6656552p;, — 118 450
5.0 33145290 33209 875 33197 483
0.1 19 026 19 134 19 098
Ni 1.0 189 438 189 389 188976 0.9997 I, = 187367p; + 1046
5.0 937 190 938 075 937 920
0.1 64 785 64 886 64 981
Cr 1.0 651 440 651 478 652 351 0.999 9 I; = 662722 p, — 5692
5.0 3307 200 3308913 3310546
—2
s 1.1 (p -p
wlp) =5 e (3)
a q mn S
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Table 3 Uncertainty from measuring process of various elementmass concentration
/
ul(p) P uz(p) uz(P) u}(p) u3(p) u( B)
P (pg e ml) P p p
Cu 0. 006 0. 190 0. 001 0. 005 0. 002 0. 009 0.014
Zn 0. 006 0.275 0. 009 0.032 0. 003 0.011 0. 035
Pb 0. 006 0. 041 0. 004 0. 098 0. 002 0. 053 0. 111
Mn 0. 006 0. 848 0. 008 0. 009 0. 007 0. 008 0.015
Ni 0. 006 0. 155 0. 002 0.015 0. 002 0.014 0. 022
Cr 0. 006 0. 490 0. 004 0. 008 0. 003 0. 005 0.013
2 2 2
u(p) _ \/[ul(p) | - [uz(P) | - [ua(P) ]
p P P P
3.3
3.3.1
A 25 mL +0.03 mL
k=6
0.03
u,(Vy) = 2 =0.012 mL.
J6
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+3°C
2.1 x107*/C +(25x3x2.1x10™") =0.0158
mL (k = \/37)
uy(Vyy) = 20158 9 009 mL.
3
w(V) = Jul(Vas) +1u2(Vys) = +/0.012% +0.009° = 0.015 mL.
u(V)  0.015
= = 0. 000 6.
V 25
4
2 2 2
. u(0,) :J[u(m)] +[u(p)] +[u(V)]\
m p Vv
(1) (w) u(w) = w; X u(wy) . U=Fkx
u( w) k=2 4.
4
Table 4 The uncertainty fractions of each component and result report
u( m) u( p) u( V) u( w,) wy/ u( w) / U/ w/
m P 4 ! (pg* g (pg* g (pg* g (pg* g
Cu 0. 0001 0.014 0. 0006 0.014 36.5 0.511 1.02 36.5 = 1.02
Zn 0. 0001 0.035 0. 0006 0.035 55.2 1.93 3.86 55.2 +3.86
Pb 0. 0001 0.111 0. 0006 0.111 8.83 0.98 1.96 8.83 +1.96
Mn 0. 0001 0.015 0. 0006 0.015 167 2.51 5.02 167 +5.02
Ni 0. 0001 0.022 0. 0006 0.022 29.9 0. 66 1.32 29.9 +1.32
Cr 0. 0001 0.013 0. 0006 0.013 96. 4 1.25 2.50 96.4 +2.50
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