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Figure 1 Schematic diagram of the HPXRF method based on doubly curved crystal technology.
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®1 BREEPXRFUFRNEZETIESY
Table 1 Operating parameters of the HPXRF instrument
Targe cements Aalytalline 0 PO TRET ol cme/ms e
As Ka Pb-La
Cr Ka V-KB, Ce-L,
Cu Ka Ni-KpB
Mn Ka Cr-Kp
Ni Ka Co-Kp
LiF 10—50 0.2—0.8 100—1 200
Pb LB: Ti-Ka
Zn Ka Cu-KB
Cd Ko
Sh Ko
Co Ka Ti-K@, Ba-L§
®2 AEBASEETERIEMICP-MS) UHEITIESH
Table 2 Operating parameters of inductively coupled plasma mass spectrometer (ICP-MS) instrument
Items Parameter Items Parameter Items Parameter
RF power/W 1400 RF voltage /V 3500 Sampling depth/mm 0.5
Torch-H/mm —0.06 Torch-V/mm —1.06 Carrier gas/(L. » min™") 0.70
Auxiliary gas/(L * min ') 1.2 Peristaltic pump speed/(r + s™) 1/3 Sample uptake rate/(mL * min"') 0.5
Sample uptake time/s 30 Stabilization time/s 10 Acquisition time/s 0.5
Number of replicates 3 Triple cone(interface) Ni Nebulizer High-solids nebulizer
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Figure 2 Variation trends of characteristic peak intensities of

each element under different tube voltages.
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Figure 5 Influence of measurement time on the

measured results.
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XRF EXT R 108 HAr oo 2 34 2 900 B 47 py 2 1k
W ;. e, Cuy Ni, Pb Al Zn %5 4 FioT R A R %L
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6 Fh 70 F 19 AR i ZoAH 06 R BORXTRAAR, HLAR A Hicdi
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F3 HEDRI0FTRENEEFE HXREB R HRANE TR

Table 3 Linear equations, correlation coefficients, limits of detection, and limits of quantification for 10 elements in soil

Correlation coefficient

Target elements Regression equation

Relative standard Limit of detection / Limit of quantification/

(R) deviation (S) (mg * kg ") (mg * kg ")
As y=1. 00862 —0. 1987 0.997 5 0.11 0. 38 1.52
Cr y=1.0017x+0. 0487 0.9977 1. 60 5. 20 20. 80
Cu y=1.0018x+1. 8854 0.999 8 0.45 1.35 5. 40
Mn y=0.9987x-+44. 1900 0.9931 2.08 7.10 28. 40
Ni y=0. 96872x—0. 8011 0.999 0 0.29 1. 50 6. 00
Pb y=1.0007x+1. 0513 0.999 2 0.12 0.35 1. 40
Zn y=1.00072x—9. 3571 0.999 0 0.28 0.85 3. 40
Cd y=0.9999x+0. 0419 0.996 9 0.01 0. 05 0. 20
Sb y=1. 00032z —0. 0094 0.998 7 0.01 0. 002 0. 008
Co y=0.9997x+0. 1331 0.994 6 0.01 0.32 1.28

2.5 FHiEKHRANE TR

DL A S AR S ESS-1 o R X &, #E4T 7K
SEATINGE , #eX(2) TR R B . DL AR R A
FRAE R 5 FBR , Bl RQL=4 XMDL,

MDL=14,99 XS 2)

X, MDL ke i BR (mg/kg) 5 2. 0,00 H H
RS E 6, B A R 99 %6 B AY ¢ 40 A (Bl 5 SR 7 1R
I E bR HE DR 22 (mg/kg) o

AR T A PR B T BRI A2 SRR AR 3, H 4
T 10 R0 H bR T Z At BRYE L 0. 002~7. 1 mg/kg, BR
CrFINigh, A 8B HAr o K ik i BRFI I 2 T BR

BIIKF HI 780—2015 ¥E i, HAH# T 1% 58 PXRF
B, e T HAE R A Jm A I o R BR A L X Cd
SR G R 2 7 W BRI LRI AR R R A R R
B
2.6 FiEEEEMIERETM

DL A EARERE i ESS-5 IR X 42, #E4T 7 RCOF
PRI, VT 500 2 25 SR 1 7 548 (T )« A X o g 22
(RSD) FAHXT R 22 (RE) TEILFR 4. 45 F MW, &tk
)RS B PXRE % 38 10 F H bR JC 2 AR X bR ifE
TR 2EJE A 0. 30%~5. 3%, MXHRZE L —16 %6~
— 1096, 1Z 751 REAE Ttk Fe RS 2 B R I A B oK

R4 TEROMTENBEZEMEBENELER

Table 4 Precision and accuracy results for the determination of 10 elements in soil

Target Certified values/

Determined values/(mg * kg ")

clements (mg + kg ) 1# 2% 34 e 5 6 T# T RSB RELA
As 297 319 316 317 318 317 317 317 317 0. 30 6.8
Cr 63.6 60. 6 63.1  59.6  62.7 65 57.3 65.2 619 4.7  —2.6
Cu 71.8 79.4 8.1  79.6  78.5 80 81.5 78.9  79.7 1.2 11
Mn 2 460 2532 2670 2599 2655 2724 2662 2608 2636 2.3 7.1
Ni 29.7 30. 4 32.2 30.6 32.1 31.5 30.9 33.8 31.6 3.7 6.5
Pb 970 1025 1008 1016 1010 1018 1010 1016 1015 0.58 4.6
Zn 523 536 535 537 539 530 530 531 534 0.68 2.1
Cd 3. 09 2.85 2.75 2.8 2.74 2. 69 2.75 2.88 2. 80 2.4 —10
sh 18. 1 17.5 17.6  17.6 177 17. 4 17.5 17.4 175 0.63 —3.2
Co 11.2 12.2 1227 13.0  14.0 13.8 13.2 1223 13.1 5.3 16




S AT« OO T2 B AR R R HE X X ROk

5 7 )

P E P 10MESE TR 1235

2.7 BEEMKREHHITTIEL XS

O3 R S 4 28 28 ML i) ICP-MS v& R AL 1Y &
i PXRE ¥ 2E AT SEBRRE il 1) BN AN [ H s
JLR XS FE S 10~30 4>, 23R H ) R 4 7K M T 4%
DX P S B b SR o Xk P D 0 B 2 SR ¢ ke 5
IR X i 2 5 A 3 0 W 7 3 1) 45 R A — 2tk . v

AT RURE I 2 235 S 0 AR O 22 BIR AR, 440 BRA T 43 3800
AR UE HT 780— 2015 A X i 22 BR 1 F 9% , Geit45
PRIC RS IR ILE 5, G5 KM, Irfa TR (GiHE /N
Tl S, AR 22 A k8 O 100%0 . R, ok B
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Table 5 Summary of statistical indicators for consistency between ICP-MS and HPXRF determination results
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Number of samples () 30 10 30 30 25 10 25 15 15
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t-statistic 1.69 0.75 0. 86 0. 25 0.70 1.58 1.54 0.18 1. 90 0.62
Relative deviation pass rate/ % 100 100 100 100 100 100 100 100 100
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Rapid Determination of 10 Heavy Metal Elements in Soil by
High-definition Portable X-ray Fluorescence Spectrometry
Based on Hyperbolic Curved Crystal Technology

Jiang Jing', Huangfu Xiaodong', Wang Lingfeng', Wei Feng®, Jiang Kainian', Li Xinlin', Zhang Li'
(1. Hunan Yongzhou Ecological Environmental Monitoring Center, Yongzhou, Hunan 425000, China;
2. Hunan Ecological Environmental Monitoring Center, Key Laboratory of Monitoring for Heavy Metal Pollutants,

Ministry of Ecology and Environment, Changsha , Hunan 410019, China)

Abstract Soil heavy metal pollution is a key factor constraining regional ecological improvement and agricultural
product safety. Therefore, developing rapid methods for determining heavy metal content in soil is of great
significance. A high-definition portable mono-excitation energy-dispersive X-ray fluorescence spectrometry
(HPXRF) method based on hyperbolic curved crystal technology was optimized and established for the rapid
determination of ten heavy metal elements, including arsenic (As), chromium (Cr), copper (Cu), manganese (Mn),
nickel (Ni), lead (Pb), zinc (Zn), cadmium (Cd), antimony (Sh), and cobalt (Co), in national soil standard reference
materials and farmland soil samples collected from Yongzhou City, Hunan Province. Key analytical performance
parameters of the method, such as calibration curve linearity, detection limits, precision, and accuracy, were
systematically evaluated. The results obtained from real sample analysis were compared with those measured by
inductively coupled plasma mass spectrometry (ICP-MS). Under the optimized conditions (X-ray tube voltage
50 kV, current 0. 8 mA, measurement time 600 s), the method exhibited good linearity. The detection limits for the
ten target elements in soil ranged from 0. 002 to 7. 10 mg/kg, the relative standard deviations ranged from 0. 30%
to 5. 3%, and the average relative errors ranged from —10% to 16%. These results indicate satisfactory precision
and accuracy. Furthermore, no significant difference was observed between the results obtained by this method and
those by ICP-MS. The proposed method meets the requirements for the on-site rapid determination of heavy metal
elements such as As, Cr, and Cu in soil samples. With its significant advantages, including good portability, simple
sample pretreatment, fast analysis speed, and low requirements for operating environment, this method can provide
an effective, rapid, and scientific technical support for on-site emergency response and early warning monitoring of
soil heavy metals.

Keywords high-precision; portable X-ray fluorescence spectrometry; heavy metals; soil

HIGHLIGHTS

1) Method development and core technical features: A high-precision portable single-wavelength excitation
energy-dispersive X-ray fluorescence spectrometry method (high-precision PXRF) based on doubly curved
crystal technology was developed.

2) Systematic validation of method performance: Under optimal operating conditions (tube voltage 50 kV, current
0.8 mA, measurement time 100 s), the method exhibited good linearity, addressing the low sensitivity issue
associated with conventional PXRF.

3) Application value and practical significance: The method meets the demands for on-site rapid determination of
multiple heavy metal elements in soil, providing effective, rapid, and scientifically robust technical support for
on-site emergency monitoring and early-warning monitoring of soil heavy metal pollution. It holds significant

implications for safeguarding regional ecological security and agricultural product quality.



