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Fig. 1 Study area and sample distribution

(a): China; (b): Jilin Province; (¢): Urban area of Changchun City
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Table 1 Regression equation by methods and the maximum
influencing element for each element

JTHE LK RSO R AL 1 B Ak ol 10 Bk
Cr Fe y=0.143240. 000 895x+32. 545 y=0. 169x+57. 947
Ni K y=0.5142—0. 000 557z+32. 307 y=0.482x+21.918
Cu Ti y=0.8452x—0.002 5742+25. 401 y=0.835x+15.243
Zn Ti y=0.8532x—0.010 8002+79. 415 y=0.806x+39. 430

Pb Mn y=1.2432x+0. 058 4722— y=1.274x—15. 200

M a NEERICE: b R %0 2 AR EUN W ?ﬁﬁ’] WRICK; « Jy pXRF
WRMTE SRS 5 = pXREWKME RICE S 7 vl ICP-MS K
WE AR, BN mg - kg™

54. 151

R2 BEAERERHWETZSHRREAEE

Table 2  Statistical parameters and degree of improvement after correction of each method
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Cr 75% 22% 22% 0. 601 2.056 2. 366 0. 343 2. 642 3.036
Ni 11% 4% 8% 0. 644 1. 590 3.007 0. 582 1. 663 3. 263
Cu 3% 4% 11% 0. 892 1. 451 2.935 0. 864 1. 515 3. 295
Zn 4% 11% 8% 0. 843 6.553 13. 895 0. 814 7. 340 15. 145
Pb 10% 14 % 40% 0. 956 7.510 12. 201 0. 870 8.771 20. 402
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Fig. 2 Linear regression images between pXRF data and ICP-MS data after correction
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Study on Heavy Metal in Soil by Portable X-Ray Fluorescence
Spectrometry Based on Matrix Effect Correction and
Correspondence Analysis

GUO Jin-ke, LU Ji-long, SI Jun-shi, ZHAO Wei, LIU Yang, WANG Tian-xin, LAI Ya-wen"
College of Geo-exploration Science and Technology, Jilin University, Changchun 130026, China

Abstract With the deepening of industrialization and urbanization, urban soil heavy metal pollution is becoming more and more
serious. At the same time, traditional laboratory chemical analysis methods such as inductively coupled plasma mass
spectroscopy have long analysis cycles and are prone to secondary pollution of the environment by experimental waste reagents.
Portable X-ray fluorescence spectrometry is a testing method that can be used for rapid and non-destructive analysis directly in
the field, and matrix effect is the most important factor affecting the testing accuracy and precision. The more commonly used
calibration method is the traditional linear regression method, which is influenced by outlying values and still has large deviations
in the processed data. The study attenuated the matrix effects during testing by adding the data of the major elements to the
correction equation of the elements to be tested. In this study, heavy metals of Cr, Ni, Cu, Zn and Pb in soil samples from each
campus of Jilin University was rapidly tested by portable X-ray fluorescence spectrometry under in situ to investigate the major
elements that had the greatest influence on the matrix effect of each heavy metal element. The original Sherman equation was
adjusted by combining the partial least-square method and the multiple linear regression method, and the new equation was used
to correct for the matrix effect of each heavy metal element under the data of inductively coupled plasma mass spectrometry a
reference. The differences between the data processed by this method and the traditional linear regression method were compared
by statistical parameters, and the correlation between elements and samples was also analyzed by correspondence analysis. The
results show that the major elements are the important factor affected by the matrix effect, and the matrix effect correction
equation based on different major elements is effective, with applicability Cr>>Pb>Zn>>Ni>Cu. The quality of the corrected
data was significantly improved, the coefficient of determination increased, the regression images were concentrated, the mean
absolute error and root mean square error was further reduced. The correction effect was better than the traditional linear
regression method. The matrix effect correction method mainly reduces the overall average error and discrete degree of the data
by reducing the deviation of outlying values. The processed data meet the quantitative analysis requirements and can be extended
to portable X-ray fluorescence spectrometry for rapid large area testing of heavy metals to detect environmental quality. At the
same time, correspondence analysis is an analysis method between multi-dimensional data dimensions and multi-dimensional data

dimensions. It has excellent results for classification and correlation analysis between multiple variables.
Keywords Portable X-ray fluorescence; Matrix effect; Correspondence analysis; Soil; Heavy metal
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