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Table 1 Measurement conditions for soil and sediment tablets samples
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Elcmcms-and Voltage/Current Slit Crystal P P Y PHA

spectral lines (kV/mA) H o e

Peak Background 1 Background 2

Na-Ka 30/80 H TAP 55.120(30) 52.950(10) 57.650(10) 100~350
Mg-Ka 30/80 il TAP 45.170(30) 43.300(10) 47.400(10) 120~370
Al-Ka 50/50 H PET 144.775(20) 140.000(10) 100~350
Si-Ka 50/50 L PET 109.085(20) 111.000(10) 100~350
K-Ka 50/50 H Ge 70.020(20) 68.550(10) 71.660(10) 100~300
Ca-Ka 50/50 H Ge 62.015(20) 60.000(10) 100~300
Ti-Ka 50/50 il LiF1 86.130(20) 85.000(10) 90~380
V-Ka 50/50 H LiF1 76.925(40) 76.000(10) 80~380
Cr-Ka 50/50 H LiF1 69.325(40) 68.000(10) 70.710(10) 80~360
Mn-Ka 50/50 L LiF1 62.965(30) 64.565(10) 80~350
Fe-Ka 50/50 il LiF1 57.510(10) 56.000(10) 80~350
Co-Ka 50/50 H LiF1 52.735(40) 54.500(10) 100~340
Ni-Ka 50/50 it LiF1 48.660(40) 47.500(10) 50.000(10) 80~350
Cu-Ka 50/50 il LiF1 45.030(40) 44,000(10) 46.000(10) 100~320
Zn-Ka 50/50 7 LiF1 41.785(40) 40.800(10) 42.600(10) 90~330
AsKa 50/50 7 LiF1 33.975(40) 33.200(10) 34.700(10) 100~300
Pb-LB 50/50 H LiF1 28.250(40) 27.500(10) 28.975(10) 100~300
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Table 2 Overlap line, elements in matrix effect correction related to calibration model and its fitting quality parameters

HEEL K IE Overlap line correction FLAR N S IE Matrix effect correction

gt R wpme TEEEKTR  aRsSEEN  TEEEEE  XRSSEK
e “orrelation RMS/ TEE R 61213 Ik L O g 5T 2206012113 ¥ 1E I 95 %
Elcmems'and coefficient (mg/kg) Possible interference Elemental spectrum Elements may Elements actually
spectral lines ) elements and actually involved in have a participate in
spectral lines the correction matrix effect matrix correction
As-Ka 0.9981 5.4(13) Pb-Lal, Bi-La2 Pb-L3 Fe, Ca, Mg, Nb Fe
Pb-L3 1.000 2.8(3.3) Sn-Keall, Bi-L34, Th-Lal Fe, Ca, Mg, Ti Fe, Al, Mg
Cu-Ka 1.000 1.9(2.2) Sr-Kp211, Ta-Lal, Hf-Lal Fe, Ca, Mg, Ti Fe., Al, Mg
Zn-Ka 0.999 8 4.3(3.1) Fe., Ca, Mg Fe, Al, Mg
Cr-Ka 0.9989 4.6(5.1) V-Kp1, Ce-KB3, La-Kp2 Si, Fe, Ca, Mg, Ti Fe, Al, Mg
Ni-Ka 0.9989 2.3(5.9)  Y-Keall, Yb-Lal, Rb-K@11II Si, Fe, Ca, Mg, Ti Fe, K
Co-Ka 0.9955 1.6(10) Fe-KB, Er-Lal Fe-Ka Si, Al, Fe, Ca, Mg, K Fe
Mn-Ka 0.9993 41(4.6) Cr-Kp1, Nd-Lg3 Cr-Ka Si, Al, Fe, Ca, Mg, Ti Fe, Al, Mg
V-Ka 0.9775 11(12) Ti-K@1, Ba-1L33 Ti-Ka Si, Al, Fe, Ca, Mg, Ti Fe
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Table 3 Interference element overlap line correction factor and ¢ value
JCER KA BT i 4k AT RIE T M0 R Kk 2k LIPS B HERIERE L
Elements and Elements and lines used Correlation RMS/ Opverlap line
spectral lines to correct interference coefficient (r) (mg/kg) correction factor ¢ value
AsKa Pb-1B 0.996 2 7.6(18.2) —0.407 17.1
Mn-Ka Cr-Ka 0.9914 67.9(7.7) —0.625 3.11
V-Ka Ti-Ka 0.9840 9.7(10.2) —0.0198 5.87
Co-Ka Fe-Ka 0.9928 1.97(13.0) —0.180 18.0
Ba-La Ti-Ka 0.9858 41.3(8.4) —0.00207 5.21
Ti-Ka Ba-La 0.9884 601(12.2) 4.80 1.98
Cr-Ka V-Ka 0.9933 10.7(11.8) —0.00807 0.059
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Fig. 1 Comparison of calibration curve between before overlap line correction and after correction
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Table 4 Comparison of results based on different correction model for matrix effect
e 2 1F A5 Y 5 5K A . KK TE ] Al
% %W&I& FE 28 R v RMS/ % ‘A{Mﬁl«ﬂ“ﬁii FE 28R ’ RMS/
. Correction model Type of Algw * . Correction model Type of Algw *
Element X (mg/kg) Element X (mg/kg)
for matrix effect sample for matrix effect sample
, T B 0.107(5) 5.4(13) . KEHEFE 0.017(0) 9.4(6.9)
R-As'-Fe I-Zn-S
SFet) B 0.069(2) £.9C10) ‘oS T 0.027(1) 33.1(2D)
, dii=a 0.070(7) 10.5(25) R HEFE 0.020€0) 6.5(4.8)
R-As'( I-Zn-F,
SOD B 0.053(0) 12.926) e B 0.026(1) 22.8(15)
R-As'"-Fe Al-Mg &Mi 0.057(0) 2.2(5.2) RenFeCa mﬁzfﬂt 0.042(4) 13.3(9.8)
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R-Mn-Fe-Al-Mg(~/) o
nFEATMECD g 0.014(0) 56.3(5.4)
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Table 5 Matrix effect correction model of each element and ¢ value of each regression coefficients
_ " [EYEEY: i _ " DUEES i
iz P J ?%ﬂ( o i 22 i T P ml ?éﬁ( AT R g
. Regression Standard . Regression Standard
Element Parameter o o t value Element Parameter . o t value
coefficient deviation coefficient deviation
R —8.01 1.96 —4.10 I 0
R-Cr 47854 2086 22.9 R-Mn 35285 738 47.8
Cr I-Mg — 749 157 —4.76 Mn I-Mg —553.8 104.3 —5.31
I-Al —53.8 11.2 —4.81 I-Al —47.66 6.55 —7.27
I-Fe —333 19 —17.1 I[-Fe —197.9 15.0 —13.2
HRIE 2.709 0.698 3.88 MR 0
R-Pb 6559 71 92.0 R-Zn 14889 194 76.9
Pb I-Fe —22.52 2.36 —9.54 Zn I-Mg — 349 32 —10.8
I-Al —3.813 0.768 —4.96 I-Al —15.28 2.76 —5.53
I-Mg —111.9 33.8 —3.31 I-Fe —37.77 7.68 —4.92
R —3.05 1.30 —2.36 e —4.19 1.21 —3.48
Co R-Co 8998 927 9.71 As R-As 9450 316 29.9
I-Fe —34.34 14.32 —2.40 I-Fe —74.76 8.30 —9.00
T —1.25 0.51 —2.44 I —19.12 2.01 —9.49
R-Cu 9586 40.6 236 R-Ni 9259 616 15.0
Cu I-Fe —19.49 3.12 —6.25 Ni I-Fe —24.45 9.46 —2.59
I-Al —11.63 0.55 —21.2 I-K —61.23 14.57 —4.20
I-Mg —210.9 29.5 —7.14
B 20.00 2.28 8.77
A% R-V 66838 2488 26.9
I-Fe —557.8 44.5 —12.5
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Fig. 2 Comparison between certified values and calculation results before matrix effect

correction (left) and after correction (right)
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Table 6 Evaluation of precision and accuracy for WD-XRF analysis results based on soil standard samples

E GSS-6D E ESS-1D
JLH (+) ERE %25 (+) 8§18 EolE
Element Certified/ The first round The second round Certified/ The first round The second round
(mg/ke)  TRsp)  Algw  RE  n(RSD) Algw RE (me/ke) T(RSD)  Algw RE 2 (RSD) Algw RE
\% 130(7) 123(2.8) 0.024 —5.3 135(3.9) 0.019 3.8 77.5(3.1) 75.1(5.4) 0.014 —3.1 80.8(5.0) 0.023 3.3
Cr 75(6) 77(4.0) 0.013 3.0 77.8(2.1) 0.016 3.7 57.2(4.2) 51.6(5.8) 0.045 —9.9 55.8(2.8) 0.012 2.4
Mn 1450(82) 1492(3.1) 0.012 2.9 1477(0.5) 0.008 1.8 1097(27) 1121¢1.7)  0.009 2.2 1120€0.8) 0.009 2.1
Co 7.6(1.4) 7.2(26) 0.026  —5.7 8.9(9.6) 0.066 17 14.8€0.7) 13.7(7.5) 0.034 —7.5 14.4(7.6) 0.026 —2.5
Ni 53(4) 56.6(3.2)  0.029 6.8 51.8(2.2) 0.010 —2.2 29.6(0.8) 29.9(4.1)  0.005 1.1 29.5(3.0)  0.009 —0.5
Cu 390(14) 403(7.4) 0.015 3.4 39100.5) 0.002 0.14 20.9(0.8) 21.8(3.2) 0.018 4.1 20.3(4.3) 0.017 —3.1
Zn 97(6) 101(2.2) 0.018 4.2 93.5(1.0)  0.016 3.6 55.2(3.4) 54.8(2.2) 0.003 —0.8 56.4(2.1) 0.011 2.2
As 220(14) 237(1.3) 0.033 7.8 223(1.0) 0.005 1.3 10.7€0.8) 12.5(10) 0.069 17 12.5(8.1)  0.067 16
Pb 314(13) 334(0.7) 0.027 6.4 312(0.6) 0.004 —0.77 23.6(1.2) 22.4(4.3) 0.023 —5.2 24.5(5.8) 0.020 3.6
W ESS-20 o ff ESS-30 ot i 17 7 e e ©
LE () 915 925 (+) 915 o (£ 2 fE
Element  Certified/ The first round The second round Certified/ The first round The second round Certified/ Found
(mg/k®)  Tpspy  algw  o(RsD)  Algw  PERO TRepy  Algw  (rsD)  Algw MK Tpepy  algw
\% 105(4) 109(4.2) 0.017 107(3.2) 0.013 116(5) 121(3.9) 0.017 112(2.7) 0.017 89.3(3.3) 96.7(4.1) 0.035
Cr 75.9(4.6) 74.3(4.8) 0.009  74.0(2.3) 0.011 98.0(7.1) 94.1(2.8) 0.017 96.1(1.7) 0.014 63.6(4.1) 65.5(4.3) 0.016
Mn 1063(36) 1114(1.8) 0.020 1087(0.8) 0.010 819(28) 828(0.9) 0.005 815(0.5) 0.002 2460(70) 2491(2.0) 0.008
Co 25.6(1.2) 22.5(5.7)  0.055 23.4(5.1) 0.040 22.0(1.7) 18.0(7.2)  0.088 19.7(5.9) 0.048 11.2€0.7) 13.1(9.9) 0.069
Ni 33.6(1.6) 34.8(2.2) 0.016  32.5(2.2) 0.015 33.7(2.1) 34.6(3.3) 0.011 33.5(3.0) 0.010 29.7(1.3) 32.5(3.6) 0.038
Cu 27.6(0.5) 28.3(2.7) 0.010 27.2(3.0) 0.012 29.4(1.6) 31.5(2.5) 0.030  28.9(2.7) 0.011 71.8(1.5) 70.0(2.2) 0.012
Zn 63.5(3.5) 63.5(1.9)  0.000 62.2(1.8) 0.010 89.3(4) 93.5(2.3)  0.020 91.3(0.8) 0.010 523(16) 507(1.9) 0.013
As 10.0(1.0) 11.3(11) 0.053 11.4(6.4) 0.060 15.9(1.3) 19.2(8.9) 0.083 19.3(4.8) 0.082 297(11) 257(2.4) 0.064
Pb 24.6(1.0) 23.4(4.4) 0.022  23.6(4.5) 0.021 33.3(1.3) 34.1(4.7)  0.010  31.5(2.8) 0.024 971(34) 972(1.9) 0.008
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Table 7 Evaluation of precision and accuracy for WD-XRF analysis results based on soil and sediment standard samples
NG MY © NG PR NG i LR ©

TR (+) %1% 925 (+) ) 5E (£ 5

Element Certified/ The first round The second round Certified/ Found Certified/ Found
(meg/ke) Z(RSD)  Algw  +(RSD)  Algw (meg/ke) Z(RSD)  Algw (me/ke) Z(RSD)  Algw
\ 138(6) 122(3.8)  0.052  133(3.2)  0.030 74.2(8.6) 77.1(5.7)  0.022 76.6(7.5) 81.0¢6.2)  0.029
Cr 82.0(2.5) 67.3(2.9)  0.086  85.3(1.8)  0.017 62.9(8.1) 74.1(13)  0.069 68.3(7.1) 69.9(4.4)  0.018
Mn 1734(52) 1699€0.3)  0.009  1907(0.6)  0.041 544(63) 538(1.1)  0.006 755(70) 766(2.8)  0.012
Co 29.4(0.9) 27.1(4.9) 0.035 23.5(5.8) 0.098 11.9(1.5) 12.6(9.5) 0.036 12.3(1.5) 13.4(8.1) 0.039
Ni 59.7(3.0) 64.4(1.5)  0.033  53.0(1.8)  0.052 28.9(3.5) 30.0(4.1)  0.021 34.8(3.4) 32.6(4.4)  0.030
Cu 61.4(1.3) 67.1(1.1>)  0.039  60.8(1.9)  0.008 19.0(1.7) 20.3(3.9)  0.028 58.2(5.1) 61.1¢1.9)  0.021
Zn 166(7) 168(0.3)  0.004  177(0.5)  0.027 65.8(4.9) 68.1(2.8)  0.016 200(11) 202(2.4)  0.010
As 32.9(1.0) 33.7(7.4)  0.010  34.6(2.5)  0.022 7.81€0.7) 9.1(13) 0.078 12.2€0.9) 10.5(7.9)  0.066
Pb 42.7(0.9) 46.7(5.5)  0.039  42.9(3.6)  0.013 18.5(2.3) 21.1(8.6)  0.055 54.0(3.7) 52.1(2.7)  0.017

E LAY @ N Hib LAY © M WAL @ I (i KT Ui Biy @

TLH (£) W 7E B [E=10p) I 7E {EL [E=10p) I 5E {8 (+) W 7E B

Element Certified/ Found Certified/ Found Certified/ Found Certified/ Found
(me/ke)  Tipspy  algw  (MERE TRepy Al (me/ke) T Repy  Algw MR TRepy  Algw
v 70.4(7.9)  74.3(5.0)  0.025 168(18)  170(3.6)  0.014 70.0(8.2)  76.4(4.4)  0.037 116(14)  124(2.9)  0.028
Cr 60.1(6.8)  65.8(7.4)  0.045 106(11)  109(3.3)  0.013 59.5(7.0)  63.2(4.5)  0.028 87(10)  90.9(3.4)  0.020
Mn 700(73)  732(0.7)  0.020 500(51)  518(3.0)  0.016 732(82) 759¢1.0)  0.016  990(120) 1016¢0.6) 0.011
Co 11.6(1.3)  11.9¢8.2) 0.031  19.4(2.0) 18.6(7.3) 0.028 11.6(1.4) 12.1¢10)  0.042  17.0¢2.1)  17.5(6.7)  0.026
Ni 21.5(2.5)  24.6(2.8)  0.058  56.0(6.1)  49.8(4.8)  0.052 25.3(3.0)  26.0(4.7) 0.017  41.1(49)  40.3(2.7) 0.011
Cu 15.2(1.7)  16.0(4.9)  0.023 139(14)  164(3.0)  0.071 24.6(2.2)  26.0(2.2) 0.024  58.0¢5.5)  60.3(1.6) 0.017
Zn 59.3(4.3)  63.9(2.3)  0.032 219(8) 240(2.7)  0.039 105(7) 109(1.1)  0.017 17111 172€0.8)  0.003
As 7.21€0.9) 64.1(7.5)  69.9(1.0)  0.026 7.5(1.1) 7.9(7.9)  0.032  27.1(2.2)  29.0(3.0)  0.029
Pb 142(11)  149(2.6)  0.021  68.6(7.3)  73.8(3.3) 0.032 40.3(4.3)  43.4(2.7)  0.032  54.0(6.1)  53.7(2.5)  0.009
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Table 8 Evaluation of precision for WD-XRF analysis results based on inspection samples

XCT01-214 # XCT01-293 # XCT01-649 #
JLHR EIRE i £ i %14 2% EIRE ES
Element The first round  The second round  The first round  The second round  The first round  The second round

(RSD) (RSD) x(RSD) 2 (RSD) 2 (RSD) ~(RSD)

\% 118(4.9) 108(1.4) 109(2.7) 101¢2.7) 118(4.0) 112(5.0)
Cr 88.1(3.1) 76.9(3.9) 76.3(3.2) 74.7(3.4) 89.5(3.2) 83.3(2.6)
Mn 103500.5) 923(0.4) 938(0.6) 923(0.3) 1013€0.4) 955(0.5)
Co 14.8(8.3) 14.8(3.7) 13.6(7.9) 15.3(7.4) 15.6(10) 16.3(7.3)
Ni 42.8(2.9) 33.9(1.3) 36.2(2.7) 33.5(2.9) 43.2(2.8) 37.8(1.9)
Cu 46.5(2.2) 41.4(1.7) 84.2(1.3) 84.0€0.8) 48.5(2.5) 45.6(2.8)
Zn 129(1.2) 114(1.0) 193(1.0) 191(1.0) 128(1.0) 120€0.9)
As 27.1(6.8) 21.4(5.3) 59.7(3.2) 43.8 (1.7 24.7(7.0) 19.4(4.6)
Pb 49.5(2.5) 44.8(2.7) 68.8(1.9) 69.6(1.7) 45.7(2.3) 44.1(2.3)
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Coefficient effectiveness judgment of overlapping line and matrix
effect correction in wavelength dispersive X-ray fluorescence
spectrometry and its application in determination of heavy
metal elements in soil and sediment samples

YIN Hui-min,DU Zhen-yu,REN Li-jun,LI Yu-wu”

(National Research Center for Environmental Analysis and Measurements, Beijing 100029, China)

Abstract: It is difficult for analysts to choose elements involved in the matrix correction model in wave-
length dispersive X-ray fluorescence spectrometry (WD-XRF). It is not better to choose more elements in
the model. When using the empirical coefficient method to establish a correction model, it is suggested to
judge the effectiveness of elements in spectral line overlap and matrix effect correction model by z-value
method. The WD-XRF method for determination of heavy metal elements such as As, Cr, Cu, Co, Ni,
Pb, Zn, Mn, and V in soil and sediment samples was used as an example to verify z-value method. The ¢-
value method and unknown sample test results were used to select and verify matrix correction models at
the same time, which avoids the blindness of repeated attempts. The accuracy and precision of the method
were evaluated using four soil and seven sediment standard samples. The proposed method was also valida-
ted based on three soil inspection samples. The quality index of precision and accuracy of all test sample
analysis results was in line with routine quality control/quality assurance (QC/QA) requirement, which
could be used for quality control in those test laboratories which participate in the project of detailed inves-
tigation on heavy metal pollution in soil. As a useful statistics tool, the z-value method could also be used
for the establishment of WD-XRF matrix correction models in other fields.

Key words: soil; sediment; heavy metal; wavelength dispersive X-ray fluorescence spectrometry (WD-

XRF); matrix effect correction model; z-value judgment of regression coefficient



