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Fig. 2 Variation trend of light intensity as various collection

times
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Table 1

Analytical line, reference line, conversion value and

the measurement range of the method

—_— TAERELR e A E DT el
(nm) (nm) (pg/s) (pg/s)
Ag 328.068  326.9494 - 0~0.5
338.280  326.9494 0.5 0.5~10

Sn 283.999 270.9626 8.5 8.5 ~100
317.502 326.9494 - 0~8.5

B 249.678  270.9626 80 80 ~ 500
249.773  270.9626 - 0 ~80

Vo 313.2594  326.9494 10 10 ~100
317.0347 326.9494 - 0~10

266.3166  270.9626 A A

Pb 280. 1990 270.9626 30 30 ~ 600

283.3069 270.9626 - 0~30
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Table 2 Effect of conversion values on the analytical results of the method
GBWO07427 GBW07304a GBWO07301 GBWO07303 GBWO07448
fs 5iH TEK A TE At TE At K Ak FE A
TR WM AlgC | WEM Al | WEM AlC | WM AlC | WEM Al
(pg/s) (pg/g) (pg/g) (pe/g) (ng/g)
IEME 0.067 - 0.22 - 0.048 - 0.59 - 0.05 -
A 2R EH 0.072 0.031 0.23 0.011 0.046 -0.019 0.56  -0.022 0.056 0.050
328. 068 nm Il E 0.072 0.031 0.23 0.011 0.046  -0.019| 0.55 -0.032 0.056 0.050
338.289nm JllFE 0.078 0.065 0.16 -0.148 0.026  -0.260| 0.56  —0.022 0.061 0.087
EE 3.3 - 4 - 3.1 - 3.4 - 2.3 -
. LR E 3.52 0.028 3.95  -0.005 3.22 0.017 3.47 0.009 2.97 0.111
317. 502nm I & H 3.52 0.028 3.95  -0.005 3.22 0.017 3.47 0.009 2.97 0.111
283.999nm Y 5 i 3.74 0.054 2.94  -0.134 3.47 0.049 3.33  -0.009 2.93 0.105
WEH 46 - 91 - 4.6 - 33 - 51 -
B LRI 51.7 0.051 87.1  -0.019 4.49  -0.010 37.0 0.049 48.7  -0.020
249.773nm P E {5 51.7 0.051 77.6  -0.069 4.49  -0.010 37.0 0.049 48.7  -0.020
249. 678 nm Y 5 {f 52.5 0.057 87.1  -0.019 4.92 0.029 36.3 0.041 48.6  -0.021
INEH 0.48 - 1.6 - 0.74 - 92 - 0.61 -
Mo 2L EH 0.49 0.011 1.63 0.007 0.67 -0.044 90.6  —0.007 0.63 0.012
313. 2594nm I {4 0.49 0.011 1.63 0.007 0.67 -0.044 79.2  -0.065 0.63 0.012
317. 0347 nm I 5 {4 0.45  -0.026 1.03  -0.190 0.63 -0.072 90.6  -0.007 0.55 —-0.043
PN ) 21.6 - 68 - 24 - 40 - 18.7 -
- LR E 21.7 0.002 65.8 -0.014 27.5 0.060 38.7  -0.015 19.4 0.016
283.3069nm i {i 21.7 0.002 58.3  —0.067 27.5 0.060 34.7  -0.061 19.4 0.016
280. 199nm Y 5 i 23.2 0.032 65.8 -0.014 28.0 0.067 38.7  -0.015 20.2 0.034
GBWO07457 GBWO07105 GBW07107 GBW07307a GBW07358
Fr A e e SLE Gt SLE i
JLHE 5 i AlgC 5 15 AlgC ) 1 AlgC D5 A AlgC ) B AlgC
(pg/s) (pe/s) (peg/s) (ng/g) (ne/g)
INEE 0.13 - 0.04 - 0.047 - 1.2 - 0.14 -
Ag 2R EH 0.12  -0.028 0.046 0.064 0.043 -0.038 1.2 0.003 0.135 -0.014
328. 068 nm il 0.12  -0.028 0.046 0.064 0.043  -0.038 1.3 0.023 0.135 -0.014
338.289nm M { 0.11  -0.054 0.044 0.042 0.025 -0.280 1.2 0.003 0.129 -0.037
EAE 8.7 - 2 - 2 - 2.5 - 2.5 -
. LR E 8.88 0.009 2.53 0.102 2.16 0.033 2.36  —-0.025 2.17  -0.061
317. 502nm I G B 9.24 0.026 2.66 0.124 2.16 0.033 2.36  -0.025 2.17  -0.061
283. 999 nm 5 {E 8.88 0.009 2.66 0.124 2.34 0.067 2.18  -0.060 2.17  -0.061
IEME 64 - 3.5 - 154 - 195 - 53 -
B L 68.8 0.032 3.77 0.033 152 -0.006 202 0.016 57.9 0.038
249. 773 nm 5 (A 68.8 0.032 3.77 0.033 137 -0.051 204 0.019 57.9 0.038
249. 678 nm Y 5 81.5 0.105 4.77 0.135 152 -0.006 202 0.016 57.6 0.037
IEME 1.18 - 2.6 - 0.35 - 0.82 - 0.94 -
Mo LR 1.2 -0.065 2.61 0.001 0.35 0.006 0.76  -0.031 0.91  -0.016
313. 2594nm I 5 i 1.2 -0.065 3.33 0.108 0.35 0.006 0.76  -0.031 0.91  -0.016
317.0347nm & {H 0.87 -0.130 2.61 0.001 0.57 0.213 0.67 -0.088 0.87 -0.033
IEME 61 - 7.2 - 8.7 - 555 - 210 -
- LR 50.7  —0.080 7.83 0.036 7.77  —0.049 630 0.055 203 -0.015
283.3069nm & (A 50.1  —-0.086 7.83 0.036 7.77  -0.049 474 -0.069 183 -0.060
280. 199nm I {E 50.7  —-0.080 8.34 0.064 9.99 0.060 630 0.055 203 -0.015
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Table 3  Detection limits of the method

Gl S3UIN R E FrufEfm2s 6 R

JLHR (ng/g) (pg’g) (ne/g)
0.017 0.016 0.019 0.02 0.021 0.016

Ag 0.003  0.0077
0.021 0.015 0.017 0.021 0.024 0.018
0.26 0.27 0.15 0.36 0.25 0.29

Sn 0.062 0.19
0.19 0.30 0.23 0.33 0.21 0.20
1.74 2.2 1.72 2.09 2.19 1.54

B 0.230  0.68
1.87 2.02 1.68 2.08 2.10 1.68
0.16 0.16 0.17 0.13 0.13 0.13

Mo 0.019  0.058
0.16 0.13 0.14 0.15 0.19 0.14
1.17 1.48 0.96 1.23 1.37 1.16

Pb 0.160 0.49
1.15 1.32 1.17 1.02 0.94 1.29

4.56% ~ 8. 06% 4. 40% ~ 9. 17% .3. 35% ~
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SRR & BEARSEN S A WY R
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GBWO7122 47 HEmf B2 S0 50, 45 R TR 5. Mk
H BRI , AlogC 4 XHE JL-F-#5/NF 0. 10, 1
J& DZ/T 0130—2006 [)E R .

%4 ik

Table 4 Precision tests of the method
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L XHE/N T 0.25 a8, SLInss RIS
AR 5 19 G 4% 2R 43 01l Sk 92% ,96% 100% 94%
98% , ik & X 3 HbER 1L~ 1 = 200000 F1 1 : 50000 f1
BOR, ULBA T W E AR LT
2.5.2 ANk

FRRSCI T 1, % 200 A AMEAEE TAL I, F Ab
RIS IORE S AL, 30 0E Ty iR T S, DL A%
FRTEET 90% Ipndk, X 25 R R ARG M &
¥ 2R 100% , BHAT A #% 3R 100% (1CP - MS £
), R XM ERfE 2% 12 200000 F1 1 : 50000 fi)
BOR UL AT SR

3 4hiie

RS AT e S e, A B R % i)
SrBEHCANIE ELA AR O T, BT 13 AN RIZREE Y
Pl 58— SR T JT0 o B R S o v A AR R 750 —
UG ARAR LR T8, %) 7] —Je 2 A A ] 5 i B
(AN R 0 W7 i 4, S A T s o o 2 P 2 1 1S
P, B 90 T3 14 00 5 (LR LG e P B3 2 ) 0 25
ARG FOAE . B B A At R 231 A
0.0077wg/g.0. 19ug/g.0. 68ug/g.0. 058 wg/g.0.49
g/, DL T SCHRERI B ER A 27 5 2 A ML (L VA 2
RTIK s P 2 ot o ™ 52 3 3 i e 4 AL )
A BER 38 FH R R R A2 A it ) 43 Bl i

FmItE iH GBWO07302 GBW07309 GBWO07312 GBW07364 GBW07403 GBWO07451 GBWO07452 GBWO07454 GBWO07103

HFETYME(pg/g) 0.060 0.085 1.10 0.13 0.086 0.069 0.072 0.078 0.035

Ag Tt fi 22 0.0044 0.0040 0.040 0.0070 0.0046 0.0057 0.0047 0.0046 0.0033
RSD(% ) 7.33 4.74 3.69 5.37 5.29 8.32 6.56 5.90 9.39
HEEFEYME(pg/g) 29.0 2.43 69.6 1.79 2.61 2.15 3.32 2.91 13.5

Sn b 22 2.44 0.19 6.08 0.058 0.21 0.13 0.14 0.17 1.10
RSD(% ) 7.76 7.93 8.66 3.23 7.62 6.18 4.10 5.91 8.17
TEEME (ue/g) 10.4 55.3 24.0 37.1 22.1 52.0 76.4 50.9 20.7

B FrifElw 22 0.63 2.52 1.66 2.69 1.57 3.83 4.31 3.58 1.66
RSD( % ) 6.43 4.56 6.93 7.25 8.06 7.36 5.64 7.04 8.05
SRFHE (ng/g) 2.16 0.58 7.68 1.53 0.31 0.57 0.59 0.68 3.67

Mo PR 22 0.095 0.043 0.37 0.11 0.028 0.044 0.034 0.046 0.25
RSD( % ) 4.40 7.41 4.79 7.41 9.17 7.77 5.85 6.82 6.94
FTYME(pg/g) 40.6 23.4 295 26.1 27.1 25.6 25.8 22.5 33.1

Pb o v s 26 1.82 1.30 19.68 1.50 1.51 1.13 0.86 0.84 1.68
RSD(% ) 4.49 5.54 6.66 5.74 5.59 4.42 3.35 3.74 5.09
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Table 5  Accuracy tests of the method
ﬁ:;#gﬁ TiH Ag Sn B Mo Pb
W (pg/g) 0.067  4.88 105 2.46  54.4
GBWO07404 AEM (pg/g) 0.070 570 97.0  2.60  58.5
AlogC  -0.020 -0.067 0.033 -0.025 -0.032
WEM(pe/s) 3.6 155 65.5  4.28 498
GBWO7405 IAEME (pe/s) 4.4 17.7  53.0 460 552
AlogC -0.085 -0.056  0.092 -0.032 -0.045
WEHE(pg/e) 0.076  1.52 148 3.04 115
GBWO07449 A (pg/g) 0.068  1.80 143 320  13.4
AlogC 0.047 -0.073  0.015 -0.022 -0.066
WEM(pg/g) 0.090  6.08 8.9  1.12  45.1
GBWO07453 IAE(H (pg/g) 0.092  6.20  83.0  1.10  40.0
AlogC  -0.008 -0.009 -0.006 0.009  0.052
WEM(pg/e) 012 8.63  77.1  1.14 540
GBWO07457 AE(H(pg/g) 0.13 870 80.0  1.18  61.0
AlogC  -0.038 -0.004 -0.016 -0.014 -0.053
WEM(pg/g) 0.046 328 492 0.68  20.6
GBWO7301 AEME(pg/g) 0.048  3.10 460  0.74  24.4
AlogC -0.023 0.024 0.029 -0.039 -0.073
WEM(pg/g) 0.66  2.93 386 951 357
GBWO7303 AEM(pe/g) 0.59  3.40  33.0  92.0  40.0
AlogC 0.047 -0.064 0.068 0.015 -0.049
WEM(py/e) 2.8 343.2 665  6.05 644
GBWO7311 AEMl(pe/s) 3.2 370.0  68.0  5.90 636
AlogC  -0.051 -0.033 -0.010  0.011  0.006
WEM(pg/g) 0.041 942 7.84  0.97  36.3
GBWO7302a ik &l (png/g) 0.040  8.60  9.70  1.10  35.0
AlogC 0.015  0.040 -0.092 -0.053 0.016
WEM(pg/g) 1.2 2.11 176 0.69 511
CBWO7307aihE(H(png/s) 1.2 2.50 195  0.82 555
AlogC 0.008 -0.073 -0.045 -0.078 -0.036
WEM(pg/e) 0.032 153 23.8 340  35.1
GBWO7103 AEME (pe/g) 0.033 125 240 3.50  31.0
AlogC  -0.009  0.087 -0.004 -0.013 0.054
WEM(pe/g) 0.068  1.40  37.4  0.85  10.4
GBWO7106 IAE Ml (pg/g) 0.062  1.10 340  0.76  7.60
AlogC 0.037  0.104 0.042 0.050 0.137
WEM(pg/g) 0.041 111 17.9  0.37  18.0
GBWO7108 JAE(H (pg/g) 0.043  0.98  16.0  0.38  18.3
AlogC  -0.021  0.054  0.050 -0.016 —0.008
WEM(pg/g) 0.054 1.5 331 0.60  19.1
GBWO7111 Al (pg/g) 0.066  1.44  3.92  0.47  19.8
AlogC  -0.086  0.033 -0.073  0.105 -0.015
WEM(pe/g) 0.060 0.8  10.1  0.18  8.82
GBWO7122 M (pe/g) 0.050  0.80 120  0.16  9.00
AlogC 0.079  0.042 -0.074 0.060 -0.009
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Simultaneous Determination of Silver, Boron, Tin, Molybdenum and
Lead in Geological Samples by Atomic Emission Spectrometer with Full
Spectrum

HUANG Hai - bo, SHEN Jia —lin*, CHEN Yu, LIU Jian - kun
(Nanjing Center of Geological Survey, China Geological Survey, Nanjing 210016, China)

HIGHLIGHTS

(1) A method was established to detect the contents of silver, boron, tin, molybdenum and lead in geological
sample with a full spectrum atomic emission spectrometer.

(2) Analytical line conversion values were established to extend the linear range of the standard curve and ensure
that samples with different content were analyzed using a different analytical line.

(3) Many first — class standard materials to linear fitting of the synthetic silicate standard materials curve were used
to eliminate matrix interference.

(4) The process of the experiment was simple and had no contamination of solid powder, the analytical speed of the
method was high, and the detection limit was lower than former research results.
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ABSTRACT

BACKGROUND: The contents of silver, tin, boron, molybdenum, and lead in geological samples are extremely
important for studying the metallogenic regularity and for geochemical prospecting. Current analytical methods rarely
determine silver, tin, boron, molybdenum, and lead simultaneously.

OBJECTIVES: To establish a method to simultaneously determine silver, tin, boron, molybdenum and lead in
geological samples.

METHODS: To eliminate the matrix interference, first — class standard materials ( rock, soil and water
sediments) were used for linear fitting of the synthetic silicate standard materials curve. By setting analytical line
conversion values, different analytical line can be used for samples with different contents.

RESULTS: The detection limits of silver, tin, boron, molybdenum, and lead were 0. 0077ug/g, 0. 19ug/g,
0.68ng/g, 0.058ug /g, 0.49ug/g, respectively. The precisions of the method were 3.23% —-9.39%. The
measured value of national first class standard materials including soil, water sediments and rock by this method was
in accordance with standard values, with an absolute value of AlogC <0.10. The qualified rates of actual sample
were 92% —98% , and the qualified rate of the inspection sample was 100% .

CONCLUSIONS; This method is easy to apply and can be used to analyze samples rapidly. It can also be used to
avoid contamination during sample dilution. Compared with traditional atomic emission spectrometry that uses a
single analytical spectrum line, this method can be used to obtain a value which is closer to the standard value of
national standard materials. The detection limit of this method is much lower than the standard value of the

specification of testing quality management for geological laboratories.

KEY WORDS: geological sample; metal and non — metal elements; full spectrum; atomic emission spectrometry ;

second fitting; analytical line conversion values
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