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Table 1 Group of elements and measurement condition
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Table 2 Information, fitting quality parameters of calibration set and correction information for
spectral interference and matrix effect
RSN g HXRM RS B FRAHO  REARC HREIE L
Element/ Correlation  Number of standard/ Content range/ Model of Matrix correction Overlapping
(mg/kg) .. . . .
compound coefficient ~ number of parameter (mg/kg) calibration CaO Fe, O spectral lines
As 6.3(3.0) 0.9977 37/5 4.4~412 i H Pb-La
Bi 0.54(2.2) 0.9993 31/3 0.2~50.0 SR Ta-La
Co 5.9(12) 0.9190 37/3 5.0~97.0 B S 1L N Fe-Kp
Cr 8.3(3.8) 0.9954 38/5 25.0~410 38 J3E I N v, V-K@
s Ta-La, H-L
Cu 1.5(0.24) 1.0000 38/7 11.4~1230 B He J J AR
Ni-Kp
Mn 53(3.8) 0.9941 38/4 304~2490 SREE LG NG Cr-Kg
Ni 1.4€0.98) 0.9995 33/2 9.6~276 SREE L NG Co-KB
Pb 5.4(1.7) 0.9995 37/6 13.4~636 L N NG Ti-Ka, Bi-LB
\% 8.4(6.0) 0.9865 38/6 36.0~247 58 H N/ Nj Ti-KB,Ba-Lp
Zn 3.1€0.68) 0.9999 33/2 29.0~874 BREE 1L v
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Table 3 Summary of detection limit of ED-XRF and limit values of heavy metals in soil quality standard

mg/ kg
ED-XRF # i Bt
AL 1 % oy 5 o 4 .
LR PRk RR R WD-XRE Method based on Method based on Ti{ﬁ;[théi%
Element Limit value of e e backgroun;‘count% standard de;fiation P S
heavy metals in soil Lp ) ) < RMS
quality standard fe/MA IS PN P fE fe/ME SN LREDALED
Min. Max. Median Min. Max. Median
A% 1307 4.0 0.5 1.0 0.6 5.2 9.0 7.2 8.4
Cr 90 3.0 1.5 2.6 1.9 5.0 5.9 5.3 8.3
Mn 1500" 10 2.0 3.4 2.4 13 14 14 53
Co 407 1.6 0.005 0.02 0.01 1.6 6.5 2.7 5.9
Ni 40 1.5 1.2 1.6 1.4 1.9 4.0 3.4 1.4
Cu 35 1.2 0.7 1.1 0.8 1.6 5.6 3.6 1.5
Zn 100 2.0 0.6 0.9 0.7 1.8 2.2 2.0 3.1
As 15 2.0 0.08 0.2 0.2 1.1 4.0 2.0 6.3
Pb 35 2.0 0.4 1.2 0.7 1.3 7.0 3.4 5.4
Bi 0.01 0.6 0.3 0.6 1.6 1.0 0.5
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Table 4 Evaluation of accuracy and precision for ED-XRF analysis results based on soil and sediment standard samples

O KRFEER) ED-XRF S i & RBEZE

TAERE

122G

EE GSD-1a GSD-9 ESS-1 ESS-2 ESS-3
A e EDXRE D o . o
Element ?\EU% LJLI"J} gg }(Af U{? FDARE ?\f U{? DARE ?\f U% PDARE ?\fﬁ EDXRE
or Certified/ Found/ B Certfieds T UHO/ Blgw (g FHESS Mew ey THEOS Mgw ey TREAS) Mew
compound (o ko) (mg/kg) (mg/kgy EkE (mg/kgy me/ke (mg/kgy ke (mg/kpy  (TEk®
% 99(3) 107 0.032  97(6)  109(1.4) 0.052 77.5(3.1) 80.8(3.5) 0.018 105(4) 109(5.2) 0.018 116(5)  130(3.0) 0.049
Cr 70(3) 67.0  0.019  85(7)  83.5(3.5) 0.008 57.2(4.2) 51.9(3.8) 0.042 75.9(4.6) 81.4(2.0) 0.031 98.0¢7.1) 101(1.7) 0.013
Mn  1010(38) 1074 0.027 620(20) 654(1.2) 0.023 1097(27) 1078(1.3) 0.008 1063(36) 1060(0.9) 0.001 819(28)  783(0.5) 0.019
Co 16.0€0.4)  12.0  0.125 14.4(1.2) 16.9(13) 0.070 14.8(0.7) 13.0¢10) 0.056 25.6(1.2) 22.2(1.6) 0.122 22.0(1.7) 15.9(6.9) 0.212
Ni 28(1) 27.2 0.013  32(2)  31.6(3.4) 0.010 29.6(0.8) 29.6(3.2) 0.001 33.6(1.6) 34.5(3.1) 0.011 33.7(2.1) 33.6(1.6) 0.001
Cu 33(1) 32.6 0.005 32(2)  33.8(1.7) 0.022 20.9€0.8) 21.6(3.8) 0.014 27.6(0.5) 26.7(3.1) 0.028 29.4(1.6) 28.1(2.3) 0.049
Zn 139(1) 140 0.003  78(4)  77.9(0.8) 0.000 55.2(3.1) 57.0(1.0) 0.014 63.5(3.5) 62.8(1.2) 0.005 89.3(4.0) 86.3(1.6) 0.015
As 21(2) 251 0.078 8.4(0.9) 8.1(4.5) 0.017 10.7¢0.8) 13.4(5.0) 0.098 10.0(1.0) 3.6(11) 0.438 15.9(1.3) 14.9(3.1) 0.029
Pb 68(3) 62.8  0.035  23(3)  19.4(2.3) 0.075 23.6(1.2) 20.5(3.9) 0.061 24.6(1.0) 31.6(2.7) 0.108 33.3(1.3) 28.8(2.8) 0.064
Bi 369(11) 367 0.002 0.420.00)  — - — — — — — — - — -
Fe; 03 351(15) 361  0.012 4.86(0.07) 4.92(0.08) 0.005 3.40(0.13) 4.30€0.4) 0.017 7.11¢0.17) 7.22(0.6) 0.007 5.85(0.08) 6.37(0.4) 0.013
Ca0®  4.55(0.10) 4.67  0.011 5.35(0.09) 5.64(0.2) 0.023 3.50(0.08) 3.82(0.7) 0.038 0.84(0.04) 0.80(1.4) 0.020 0.08(0.03) 0.082(5.5) 0.011
Mo® — 6515  — — 6121€0.2) — — 6481€0.7) — — 6265(0.2) — — 6831(0.9) —
T KUY FAAETT VLR NORTIR/IN AL 7] e PR KT Y
Pay N N e N e N Moo il
éi;f?n WEM ) (Rp B o (e B o vRr MM o cRp B o CRE
295 M () ) () § () N () oo
or Certified THAS/ Blewe (g VRO g ey TS New g THEOS A e ME“D/ Algw
compound (mg/ke) (mg/kg) (mg/ke) (mg/kg) (mg/ke) (mg/kg) (mg/ke) (mg/kg) (me/ke) (mg/kg)
% 71.2(8.6) 80.2(4.8) 0.034 70.0(8.2) 77.1(3.9) 0.042 76.6(7.5) 74.5(2.3) 0.012 70.4(7.9) 71.6(1.8) 0.007 116(14) 116(5.3) 0.001
Cr 62.9¢8.1) 72.6(9.1) 0.062 59.5(7.0) 58.0(4.8) 0.011 68.3(7.1) 72.8(7.7) 0.028 60.1(6.8) 58.3(3.7) 0.013 87(10)  96.9(3.9) 0.047
Mn 514(63) 535(0.9) 0.007 732(82) 737(1.3) 0.003 755(70) 765(1.5) 0.006 700(73) 718(0.8) 0.011 990(120) 1015(0.7) 0.011
Co  11.9(1.5) 10.9(12) 0.037 11.6(1.4) 12.0(13) 0.015 12.3(1.5) 15.9(17) 0.112 11.6(1.3) 12.6(11) 0.036 17.0(2.1) 21.4(3.9) 0.0996
Ni  28.9(3.5) 28.7(2.6) 0.003 25.3(3.0) 25.7(3.7) 0.006 34.8(3.4) 33.3(2.8) 0.0190 21.5(2.5) 23.2(2.5) 0.034 41.1(4.9) 40.0(2.6) 0.011
Cu  19.0€0.7) 20.6(3.1) 0.036 24.6(2.2) 26.6(3.6) 0.033 58.2(5.1) 63.4(2.3) 0.037 15.2(1.7) 16.4(3.1) 0.034 58.0(5.5) 61.5(3.1) 0.025
Zn 65.8(4.9) 66.5(1.3) 0.004 105(7)  105(0.8) 0.001 200(11) 202(1.7) 0.005 59.3(4.3) 63.4(1.0) 0.029 171(11) 174(1.3) 0.008
As  7.81(0.68) 8.9(4.1) 0.057 7.5(1.1) 9.3(3.9) 0.095 12.2(0.9) 10.8(3.4) 0.051 7.21(0.84) 5.9(11) 0.084 27.1(2.2) 23.5(3.0) 0.061
Pb 18.5(2.3) 17.4(3.4) 0.027 40.3(1.3) 39.0(1.9) 0.015 54.0(3.7) 54.3(1.9) 0.002 142(11) 133(1.9) 0.028 51.0(6.1) 57.5(1.4) 0.027
Fes05®  4.1000.46) 4.54€0.4) 0,044 4.60(0.51) 4.65(0.3) 0.004 4.61(0.51) 5.27(0.5) 0.058 4.10(0.46) 4.01(0.3) 0.009 6.08(0.71) 6.38(0.4) 0.021
Ca0® — 1.83(0.5) — — 1.6500.6) — — 7.61€0.5) — — 2.85(1.1)  — — 3.96(1.2) —
Mo® —  6640(1.3) — —  65380.9) — —  6015(2.00 — —  63600.7) — —  5996(1.0) —
L SN ULR) LU REE St LY GSS-6
A N i N 4 N N N "
or Certified) VMRS Mgw ) ‘|’~l‘5]{/ﬁ\é// Alew o ifeqy RS/ Alge ) \]Aﬁj{/ﬁ@’/ Algw
compound (me/ke) (mg/kg) (mg/ke) (mg/kg) (mg/ke) (mg/kg) (mg/ke) (mg/kg)
% 138(6) 110(3.0)  0.097  89.3(3.3)  96.7(2.7)  0.034  168(18) 209(2.0)  0.095 130(7) 134(2.8)  0.012
Cr 82(2.5)  77.0(3.6)  0.027  63.6(4.1)  72.3(48)  0.056  106(11) 107(2.1)  0.003 75(6) 102(1.9)  0.135
Mn 1734(52)  1769€0.9)  0.009  2460(70)  2468(1.0)  0.001  500(51)  479(0.9)  0.019  1450(82)  1519€0.3)  0.020
Co 20.4€0.9)  19.8(3.8)  0.171  11.2¢0.7)  17.4(5.00  0.191  19.4(2.0)  3.42D  0.751  7.6(1.4)  14.5(2.3)  0.281
Ni 59.7¢3.0)  49.5(2.2)  0.081  29.7(1.3)  28.8(2.7)  0.014  56.0(6.1)  52.3(1.6)  0.030 53(4) 19.7¢2.2) 0,028
Cu 61.4(1.3)  60.4(1.6)  0.007  71.8(1.5)  74.0(1.8)  0.013  139(14) 144(1.2)  0.016  390(14) 386(0.4)  0.004
Zn 166(7) 171€0.6)  0.013  523(16) 534(0.5)  0.009  219(8) 218(1.3)  0.002 97(6) 87.3(1.1)  0.046
As 32.9C1.0)  34.4(1.5)  0.019  297(11) 313(0.7)  0.022  64.1(7.5)  61.1CL.4)  0.021  220(14) 225(0.7)  0.011
Pb 42.7¢0.9)  39.2(2.1)  0.038  971(34)  1047(0.6)  0.033  68.6(7.3)  63.5(2.0)  0.033  314(13) 354(0.5) 052
Bi - - - - - - 59(5) 50.0¢1.3)  0.009
Fe 05©  5.62(0.1)  6.700.0)  0.076  6.76(0.01)  7.12(1.3)  0.023  5.63(0.67)  8.05(0.6) — 8.09 8.79€0.1)  0.036
CaO®  17.21(0.6)  20.20(0.5)  0.069 — 0.380.8) — - 8.81€0.7) — 0.22 0.23(0)  0.019
Mo® — 5362(0.7) - — 6122(1.5) — — 7793(1.2) — - 6229(0.2) -
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x5 ETITEMARYEZEN ED-XRF AT ERBEEMAERHEITME
Table 5 Evaluation of accuracy and precision for ED-XRF analysis results based on soil and sediment inspection samples
TEE XCTo1-214 # XCT01-293 # XCT01-649 #
&Y WD XRF Wl 4 ED-XRF WD-XRF Wl & fif ED-XRF WD-XRF ] % fif ED-XRF
Element Found by - 4 1 Found by V- 35 {E Found by - 34 {8
or WD-XRF/ (RSD®)/ algw WD-XRE/ (RSD®)/ Llgw WD-XRF/ (RSD®)/ Slgw
compound (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
v 119 121(2.6) 0.007 109 105€0.4) 0.017 120 118(2.2) 0.009
Cr 88.4 85.3(1.3) 0.016 76.2 74.5(2.1) 0.010 90.0 89.9(1.2) 0.001
Mn 1050 957(1.1) 0.040 955 900(0.2) 0.026 1032 960(0.6) 0.031
Co 17.1 16.4(8.3) 0.020 15.8 18.3(2.8) 0.065 17.8 19.3(5.0) 0.035
Ni 47.7 38.7(2.1) 0.091 39.9 33.9(3.0) 0.071 16.6 10.7(1.6) 0.059
Cu 47.8 42.5(2.7) 0.051 89.3 80.5(1.3) 0.045 50.4 46.5(1.7) 0.035
Zn 128 120€0.9) 0.030 192 185(1.4) 0.016 128 123€0.7) 0.017
As 20.0 17.4(2.9) 0.061 12.9 12.4(2.0) 0.005 17.6 14.8(3.9) 0.076
Pb 52.0 49.6€0.6) 0.021 75.2 70.8(1.7) 0.026 49.1 47.3(3.D 0.016
Fez O3 6.42 6.41(0.6) 0.001 5.63 5.66(0.2) 0.002 6.42 6.38(0.6) 0.003
CaO 2.48 2.61€0.5) 0.022 2.60 2.69(0.6) 0.014 3.20 3.38(0.4) 0.023
Mo® 8507(0.6) 6333(0.3) 6273(0.8)

1E: O Mo B A cps; @ BLFIE 5 N B BUE  RSD L+ 0008 % .

HY T T R S X S M R (5 5] L B
T TR 4 0 b T R ) b A T3 &5 2R P, Mo-
KoC 58 BEH (cps) 4351 R 5362 F1 7793, B WAl T 5§
i T A+ HE RO A S . R R L
Z 5 RRUERT R AL IE , 45 B A U W X, 258 Mo
T AL G . 2T AR R (R T Co LAAM 4
ras RIGFF G 2K,

2.5 TEHAESESERAEFEERMNARE XRF
FEERATE

(4 ] 30 G R B0 T A A A 5 4 A ity
P AR R & Bl B AR T K AE E 1 o B O
HN 2503 6, MK 6 AT LA I, &F n R YR
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T (ICP-MS) | Ha JBGE 5 55 B 114 51 & SO (ICP-
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Table 6 Summary of technical regulation on soil heavy metal pollution situation census and

applicable elements for XRF

A Mk IEeYiRrS
TH AR Specified analysis method Quality control method
Element Digestion mode B ,
ICP-MS ICP-OES FAAS  GFAAS AFS  WD-XRF?3]  ED-XRF?

Pb RV 14 .24 N/ N/ N/ N/ N/

As [ N v v

Cd RV 14 .24 N NG N

Hg R 3¢ NG

Cu TR 18 .24 NG NG N/ NG N,

Zn MR 148 .28 NG NG N N, N,
Ni R 14 .2 i J N N N

Cr MRV 15 .24 N/ N/ N/ N/ N

Co B 15 .24 N N/ v

A% BRIE 18 .24 N N NG N

Sbh s 34 v v

Tl MiE 14 .2 N

Mo R 14 .24 N v

Mn Tl g NG N NG

Be MRim 14 .2 NG N

B GEGITTHE/BED 11/15 10/15 4/15 3/15 3/15 10/15 8/15
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Determination of heavy metal elements in soil and sediment by
energy dispersive X-ray fluorescence spectrometer with
simplified matrix effect correction model

YIN Hui-min',DU Zhen-yu',LI Yu-wu',LI Guo-hui**

(1. National Research Center for Environmental Analysis and Measurements, Beijing 100029, China;2. Institute of

Geophysical and Geochemical Exploration, Chinese Academy of Geological Sciences, Langfang 065000, China)

Abstract: During the determination of inorganic elements in soil and sediment samples by wavelength dis-
persive X-ray fluorescence spectrometry (WD-XRF), the determination results of macro elements such as
Mg, Al, Si, Ti, K, Fe and Ca are usually required in empirical model for the correction of matrix effect.
According to the application scheme of energy dispersive X-ray fluorescence spectrometry (ED-XRF), if
the number of elements which participates in the correction of matrix effect can be reduced, the analysis
cost and time can be significantly optimized when the light elements such as Mg, Al and Si are not consid-
ered. The feasibility of simplified model for correction of matrix effect was discussed. Based on Compton
scattering and simplified model for correction of matrix effect, the determination method of heavy metal
elements in soil and sediment samples (As, Cr, Cu, Ni, Pb, Zn, Mn and V) by ED-XRF was established.
The accuracy and precision of method was evaluated according to the quality control requirements in HJ
780-2015. The certified values of five soil samples and nine sediment samples and the determination results
of three soil examining samples by wavelength dispersion X-ray fluorescence spectrometry ( WD-XRF)
were used as the benchmarks. The pass rate of accuracy for analysis results of target elements were be-
tween 94. 1% and 100% , and the pass rate of precision was 100%. The detection limit was evaluated based
on classical background counting method and replicate experiments method. The experimental results indica-
ted that ED-XRF could be used for the laboratory quality control of heavy metal pollution in soil samples.

Key words:soil; sediment; heavy metal; energy dispersive X-ray fluorescence spectrometer; evaluation of

test result; matrix effect correction model



