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Fig. 1 Relationship between the fluorescence intensity of Cd
and soil Cd concentration under different concentrations

of iron.
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Fig.2 The relationship between the relative error of Cd and the

change of Fe concentration by EDXRF.
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Fig. 3 Comparison of spectra between high-Fe and low-Fe samples: (a) Initial spectra; (b) Fitting spectrum of 3% Fe group; (c) Fitting

spectrum of 13% Fe group.
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Fig. 4 Relationship between Cd fluorescence intensity and Ca concentration under different Cd concentrations.
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Fig. 6 Comparison of EDXRF spectra between high-Ca and low-Ca samples: (a) Initial spectra; (b) Fitting spectrum of 1% Ca group;

(c) Fitting spectrum of 11% Ca group.
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Cd content at different humic acid additions.
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Fig. 8 Effect of soil humic acid content on the relative error (a) and relative standard deviation (b) of Cd content measured by

EDXREF.
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Fig. 9 Comparison of spectra between high and low humic acid samples: (a) Initial spectra; (b) Fitting spectrum of 1% humic acid

group; (c) Fitting spectrum of 20% humic acid group.

23 BRI PERITRIER EDXRF JIE {H
Table 3 Cadmium addition and measured values by EDXRF in the orthogonal test group.
, o Cd I Cd WsEfH AHXT R 22 , o Cd b Cd MEfH AR 22
#I‘Irlllgﬁ 2 ﬁﬂlé’ﬁﬁﬂ 7
(mg/kg) (mg/kg) (%) (mg/kg) (mg/kg) (%)

yAR 0.30 0.25 17.3 ZJ-14 1.50 1.40 6.7
Z7J-2 0.60 0.55 8.4 ZJ-15 3.00 2.86 4.8
VARK) 1.50 1.44 4.0 ZJ-16 0.60 0.45 24.7
ZJ-4 3.00 2.93 2.3 ZJ-17 1.50 1.33 11.1
ZJ-5 6.00 5.92 1.3 ZJ-18 3.00 2.89 3.8
ZJ-6 1.50 1.50 0.3 ZJ-19 6.00 5.87 22
yARY 3.00 3.08 2.8 ZJ-20 0.30 0.22 28.1
ZJ-8 6.00 5.83 2.8 Z7J-21 3.00 2.80 6.6
739 0.60 0.54 9.8 ZJ-22 6.00 5.94 1.0
ZJ-10 0.30 0.20 32.1 Z7]J-23 0.30 0.15 50.5
ZJ-11 6.00 5.87 2.2 Z7J-24 0.60 0.44 26.8
ZJ-12 0.30 0.24 21.7 Z7J-25 1.50 1.25 234
ZJ-13 0.60 0.44 26.2
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(1) A HERE i Pk — N B O B . SR IE AS IR
VI Z e [l A A TE AR, WU o] LA 34cfs Cd A
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AHFFT 25 F ) EDXRF 2 A 5 438 i il 72
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BLIIF R 2 2 A5 0), 2 YR e iy bR M. 4
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Table 4 Sample information and comparison of accuracy before and after Cd content calibration.

bR | cdad | Feadt | camit | som LR POREEES
FSCBREE 5 (mg/kg) (%) (%) (%) Cd & X iR Cd & xR 2
(mg/kg) (%) (mg/kg) (%)
GBW07401 43+0.4 4.62 1.23 3.17 4.40 233 4.43 2.97
GBW07404 0.35+0.06 7.52 0.19 1.09 0.28 20.0 0.32 7.43
GBW07405 0.450.06 8.86 0.07 0.56 0.35 222 0.41 9.26
GBW07311 2.3+0.2 3.39 0.47 / 2.42 5.22 241 475
GBW07312 4.0+0.3 434 1.16 / 4.14 3.50 4.15 3.73
fik 415 0.16 13.5 0.09 2.35 0.02 87.5 0.15 6.25
Equbs 3.07 10.9 1.78 3.42 2.91 8.30 3.02 1.34
JRA5 + 0.84 3.17 7.29 1.43 0.72 142 0.77 8.51
iEgFRe 0.35 413 0.97 13.4 0.26 25.7 0.32 7.94
Frie 0.25 3.13 0.72 2.22 0.18 28.0 0.17 30.6

e RAMRIFGLS G ICP-MS FEIE R EAREERH Cd. Fe. Ca &,
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Effects of Iron-Calcium and Organic Matter Matrix on Cadmium Detection
in Soil by Energy Dispersive X-Ray Fluorescence Spectroscopy

JIANG Aosong'?, WU Longhua', ZHOU Tong', LI Zhu', WANG Jingjing®, HUANG Yujuan"
(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of
Sciences, Nanjing 211135, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Suzhou JPscientific Technology Co., Ltd., Suzhou 215004, China)

HIGHLIGHTS

(1) Real soil components were simulated by the exogenous addition of iron, calcium and humic acid in diatomite,
and the matrix effect in complex substrate soil was explored.

(2) The abundance of iron and calcium in the soil leads to the underestimation of Cd determination results through
the effect of inter-element absorption, and humic acid increases the error of low concentration Cd detection.

(3) Establishing a soil component correction model for Cd, specifically targeting Fe, Ca, and humic acid, can

effectively reduce the influence of interfering factors.

ABSTRACT: Cadmium (Cd) is a toxic and harmful heavy metal, and energy dispersive X-ray fluorescence
spectroscopy (EDXRF) technology is widely used to detect Cd content in contaminated soil. However, matrix
components such as coexisting elements and organic matter in soil may interfere with Cd detection results through
X-ray absorption enhancement, spectral line overlap or scattering effect, and the influence of different soil
components on the detection results has not been fully studied, which poses a challenge to the detection precision
and accuracy of the instrument. Different concentrations of iron (Fe), calcium (Ca) and humic acid were added to
diatomite as the matrix to evaluate the interference of these components on the Cd fluorescence signal, and the
effects of overlapping interference deduction and correction methods on the Cd fluorescence intensity under
different element content conditions were discussed. The results showed that the presence of Fe and Ca in the soil
matrix (>5%) could lead to the underestimation of the EDXRF measurement of Cd through the inter-element
absorption effect, while the presence of humic acid (>10%) could raise the low-energy scattering background in the
spectral pattern and increase the determination error of low-concentration Cd. Based on the orthogonal experimental
design, Fe, Ca and humic acid were introduced as correction factors, and a multiple linear regression correction
model was established, which significantly improved the accuracy of EDXRF in determining Cd content in soil
samples. The average relative error between the measured value of Cd content and the standard value decreased
from 20.67% without correction to 7.64% after correction. This study demonstrates that the application potential of
EDXRF technology in different types of soil through reasonable correction measures can be significantly improved,
and an efficient, convenient and accurate detection method for environmental monitoring can be established.

KEY WORDS: cadmium; energy dispersive X-ray fluorescence spectrometry; coexisting elements; organic matter;

matrix effects; correction model
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