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Fig. 1  Variations of intensity of Si, Rb and Sr with (a)

current, voltage and (b) time
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2.4.1  EZEbrEY R T g

HHORZ 1 BP i [ 25 1| Zr i) B AR MEY) o
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1.3 Ry S AR b R A O E
e BARocR MR AE X G2 0 — bR UA Eid
IZRAFRY BP 22 R 28 0 TN 45 2R W3k 2, 90 5
b HEAELRT BE o o 228000 T AR, A XER 22 (0 268

(%) | (%)
ALO5 10.46 10.73 10.76 10.66 10.48 10.55 10.66| 10.61 1.1
Si0, [65.47 64.50 64.42 65.11 65.35 65.18 65.05| 65.01 0.6
K,012.01 1.97 1.98 1.97 2.03 2.01 1.98| 1.99 1.2
CaO| 5.31 5.38 5.43 5.37 5.31 5.30 5.32| 5.35 0.9
TiO,| 0.90 0.90 0.94 0.90 0.91 0.93 0.92 | 0.91 1.8
MnO|0.082 0.079 0.080 0.078 0.079 0.078 0.080| 0.079 1.8
Fe,05 4.81 4.90 4.93 4.89 4.87 4.85 4.84| 4.87 0.8
ik FANEEMRIEE (ng/g) P RSD
(ng/g) | (%)
V 197.7 102 95.2 99.6 101 96.6 98.4| 98.6 2.4

Cr | 84.5 82.1 81.9 87.2 836 855 82.3]| 83.9 2.4
Cu | 31.1 29.9 30.7 31.6 33.4 340 31.1| 31.7 4.7
Zn | 78.9 81.8 76.0 77.7 71.5 78.2 80.4| 78.6 2.5
Rb | 80.9 80.1 81.3 82.3 79.5 78.4 79.5| 80.3 1.6
Sr | 169 170 168 167 165 157 166 166 2.6
Y | 28.4 27.2 26,5 243 27.5 24.0 27.1| 26.4 6.3
Pb | 20.6 22.5 23.3 23.6 20.9 25.0 23.1| 22.7 6.8
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R H A SI0, B R X 22 8K, T BESE i T Si0, 5
52 AL 30 E AE R MBS 235 7T

3 i
BT LL 45 Nl gRFE A AL, O, .Si0, K, O,
Ca0 \Ti0, MnO Fe,0, .V .Cr.Cu .Zn Rb .Sr.Y #I Pb

2 bRiEIT BEs R

5515 PP IRFAE X A2 BE B A 18] 3, 45
IZRAEA L3k 1S R S5 (AR H r )
SR PSSR g 14 18 1 T3 U0 A 19 245 18 A0 e AL A0 v
BN THREDUR ) 1S R IR 450 GA -
BP ft 22 [0 2% 5 i TN AR Y 2% 0 45 A 0 LA A
AR A IR RE 7, [ Ak ok G [ A SRy i/ IMEL, T
TR IR U T TR dl X S E D618 23 B
AR AE , S T 5L 3 AL XRF 2047 o
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Table 2 The explication results of elements in national standard materials

GBW07301a GBWO07304a GBWO07305 GBWO07314
415 BOMME  FRUE(E ARXTDRZE | BOMME  ARME(E ARXSURZE | TRONE ARME(E AR BOME ARME(E ARNERE
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Al, O, 15.50 15.36 0.9 10. 82 10.94 -1.1 15.24 15.37 -0.8 12.93 13.07 -1.1
Si0, 58.10 59.07 -1.6 | 71.56 73.85 -3.1 54.76 56.44 -3.0 | 60.22 61.91 -2.7
K,O0 2.75 2.80 -1.8 1.54 1.51 2.0 2.1 2.11 -0.5 2.5 2.48 0.8
CaO 4.06 4.00 1.5 0.84 0.82 2.4 5.39 5.34 0.9 4.37 4.31 1.4
TiO, 0.93 0.90 3.3 0.86 0.90 -4.4 0.87 0.90 -3.3 0.84 0.83 1.2
MnO 0.13 0.12 8.3 0.14 0.13 7.7 0.14 0.15 -6.7 | 0.093 0.096 -3.1
Fe, 0, 6.60 6.50 1.5 4.63 4.55 1.8 5.88 5.84 0.7 5.43 5.36 1.3
S B AR AEXNURE | BUNME BRMEME AEXTURE | BOMME  ARdE(H OMEXTERZE| BOMME AR MEXTIRE
(ng/e)  (pg/g) (%) | (pg/g) (ng/e) (%) | (ng/e) (pg/g) (%) | (pg/g) (pg/e) (%)
v 121 115 5.2 94.7 99.0 -4.3 115 109 5.5 101 103 -1.9
Cr 123 128 -3.9 77.4 70.0 10.6 79.2 70.0 13.1 82.4 86.0 -4.2
Cu 30.8 28.0 10.0 30.3 33.0 -8.2 131 137 -4.4 28.6 31.0 -7.7
Zn 86. 1 90.0 -4.3 136 139 -2.2 252 243 3.7 82.7 87.0 -4.9
Rb 122 126 -3.2 91.4 89.0 2.7 114 118 -3.4 113 109 3.7
Sr 510 486 4.9 148 143 3.5 205 204 0.5 156 150 4.0
Y 25.2 22.0 14.5 25.5 29.0 -12.1 23.4 26.0 -10.0 24.2 27.0 -10.4
Pb 27.6 31.0 -11.0 72.8 68.0 7.1 117 112 4.5 21.4 25.0 -14.4
#3 WFTEDUBWISChRRE R BINES R
Table 3 The explication results of elements in marine sediment samples
Rt 2] -1 Rl 21 -2 Rt 2) -3 AR
4o WIME  ZHE MENRE|] BUIE  SEE AREE| SOE SHE AxHmEE| BNE SHE HENREE
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Al 04 13.75 13.92 -1.2 8.40 8.29 1.3 15.40 15.18 1.4 9.79 10.02 -2.3
Si0, 46.13 45.11 2.3 55.32 56.80 -2.6 | 50.74 52.07 -2.6 38.24 37.54 1.9
K,O0 3.32 3.37 -1.6 1.05 1.11 -5.4 3.42 3.39 1.0 1.59 1.57 1.5
CaO 2.56 2.51 2.0 4.97 5.00 -0.6 3.37 3.42 -1.4 18.85 19.07 -1.2
TiO, 0.75 0.70 7.0 0.38 0.35 7.4 1.48 1.57 -5.7 0.40 0.44 -9.9
MnO 1.30 1.34 -2.8 1.07 1.01 5.7 0.76 0.73 4.1 0.13 0.12 10.2
Fe, 0, 8.20 8.09 1.3 4.14 4.19 -1.2 9.61 9.84 -2.4 3.88 3.71 4.5
4 WIME  ZHE MENEE|] BUE SBE OAXRZE| BONE SHE x| BINE 2EHE HENRZE
(ng’e)  (pg/g) (%) | (pg/g) (ng/e) (%) | (ng/e) (pg/g) (%) | (ne/g)  (pg/e) (%)
v 132 123 7.3 64 68 -5.9 193 200 -3.5 92.4 98.6 -6.3
Cr 48.6 54.4 -10.7 96.2 99.7 -3.5 38.2 32.5 17.5 68.4 76.6 -10.7
Cu 313 316 -1.0 281 287 -2.1 413 402 2.7 64.0 57.7 10.9
Zn 121 125 -3.2 160 154 3.9 231 228 1.3 95.0 90.6 4.9
Rb 103 111 -7.2 68.3 76.5 -10.7 90.4 94.6 -4.4 64.0 60.2 6.3
Sr 366 382 -4.2 428 409 4.6 319 303 5.3 622 640 -2.8
Y 333 340 -2.1 231 246 -6.1 181 169 7.1 39.0 34.7 12.4
Pb 46.2 52.1 -11.3 61.7 56.4 9.4 37.4 32.6 14.7 23.20 26.6 -12.8
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Determination of Multi-components in Marine Sediments by Core Scanner
Based on BP Neural Network of Genetic Algorithm

LI Qiang"*, LIU Jian'?, LI Xiao-sui'”, TU Gong-ping'”, YANG Tian-bang"’
(1. Key Laboratory of Marine Mineral Resources, Ministry of Land and Resources, Guangzhou 510075, China;
2. Guangzhou Marine Geological Survey, Guangzhou 510760, China)

Highlights .

GA-BP neural network was established for correcting the matrix effect in core scanner XRF analysis.

It is an excellent method for conversion of core scanner output to concentrations.

The method is appropriate for accurate analysis of major and minor components, and core scanner will be a new

tool for quantitative analysis of multi-components.

Abstract; Marine sediments have complex
components. Due to the influence of the matrix

effect, intensities of elements can only be

acquired when using a Core Scanner to carry

out X-ray Fluorescence Spectrum analysis,

which restricts its application in the fields of
paleoecology and mineralization. A method has
been introduced for the fast determination of
AlLO,, K,0, CaO, TiO,, MnO, Fe,0,, V,
Cr, Cu, Zn, Rb, Sr, Y and Pb in marine sediments by Core Scanner, the effects of back-propagation neural

network on correcting the nonlinear matrix effects have been investigated and are presented in this paper.
Experimental results show that using national certified reference materials of stream sediments, marine sediments
and rocks as training samples, a genetic algorithm is used to optimize the initial weight and bias of BP neural
network. The matrix effect of 14 elements except Si was corrected by the GA-BP neural network method, which
converts the Core Scanner X-ray Fluorescence Spectrum output results from intensities to concentrations. The
relative standard deviations of this method are 0. 6% —6.8% (n =11). The relative deviations between the
predicted values and the reference values of the 15 components of the national standard materials and marine
sediment samples range from 0.5% to 17.5% . This indicates that the proposed method is suitable for fast analysis
of multi-components in marine sediments, extending the functions of the Core Scanner.

Key words: genetic algorithm; neural network; core scanner; marine sediments; matrix effect
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