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Table 1  Elemental fluorescence energies of typical

heavy metals in soil

B K 2khght/  KoZikht, L 2kfght/  LyZhkht/
e keV keV keV keV
Cr 5.41 5.95 0.57 0.58
Fe 6. 40 7.06 0.70 0.72
Cu 8. 04 8.90 0.93 0.95
Zn 8.63 9.57 1.01 1.03
As 10. 54 11.73 1.28 1.32
Cd 23.17 26.09 3.13 3.32
Hg 70. 82 80. 26 9.99 11.82
Pb 74.96 84.92 10. 55 12. 61
#2 HRLIEE S
Table 2 Parameters of each filter piece
(A WEC R R UG JELEE/ pum
1 Al 50
2 Cu 100
3 Ti 50
4 CuAl 50
5 IR 6
6 Ag 50

P HCE AW 1 FrR BT ARGH F
s G 4 2 B IR S BI BE , 6 A O A e U i
B ATARGT L A [ E A, DRSS e T
PUARSS AL R B 3Z Ml IR R =6, 6 A>T T
B ZIEA —A T B POk B RZ N YT
B4R T3 AT IE X X OGBS 5 7 E T
AU A b, R RN AT AR s L AT
7 e,

W5 v LR FH AN 2 T 75 i AT 45 0 bR 45 4
SR L-1 L2 P2, Hrh, L-1 24 12 M El
R 2 FIR GG B A 30, JRERE 10 mm B
RHEEA 40 mm, L-2 ERASER, T ORE
720 mm PFL, G ) ARSE R 25 0 15 2 T 454
2 AR S R )2 AR, TS



54 W T AT . FE TR R R v LA A BT 48 EDXRE A 5 ik <113 -
ok T B \
TR, i ST T £, y
B LK, SN,
el - EE% y 9 - S 60/?7/ }
™ \\\ N o 3 / \’0{
WA W \ S
< ONGY N <
“ O' \é}\\ ’
3 WY
FAE GO B ‘
KX P A

SRS R oAl
Fig. 1 Schematic diagram of the variable light

window structure
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Fig.2 Schematic diagram of the filter

collimator structure
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Fig.3 Schematic diagram of circuit control
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Table 3 Selection conditions for the filtering collimator

s N A A/ Miﬁ/%&ﬁn
&) B/ mm
Cr 144 15 10
Cu 3 18 12
As Zn 41y 12 8
Hg.Cd .Pb 514 21 14
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Fig.4  Energy spectrum of GSS~14 soil
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Fig.5 Repeatability test results for self-made soil samples before and after installing the filter collimator
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Fig. 6 Repeatability test results for national standard soil samples before and after installing the filter collimator
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Table 4 Repeatability results for GSS-14

mHEEM

FH S Ll
As Cd Cr Cu Hg Pb Zn
FRMEME/ (mg kg ™") 6.50 0.20 70. 00 27.40 0. 09 31.00 96. 00
SEREY / (mg-kg ™) 4.91 0.11 64.93 26.02 0.67 29.28 82.72
FIED / (mg-kg™") 5.03 0.11 72.70 25.08 0.10 29. 67 83.67
FREZEY /(mg-kg™") 0.3217 0.0013 6. 8810 1.8073 0.1029 1.8703 4.8059
FRMEZED /(mgekg™") 0.2084 0.0013 4.9902 0.9949 0.0086 1.4381 2.7509

a— I 8 I L A b— R IR EL )

42.8% 35.2% 23.1% 27.5% 91.7% ,Cd JCZ W)
FRUEZEIRFEAAS 25 RTINS U8 I e 4 ] i 3%

PETHIN A

2.3.3 akFxmEE LGB
7 D HHg A E KR 10% (R0 1Y

T E G AL R, B T (a) TRLE AR
FE S I 2 R RO P R, U AR SO
EDXRF (& & &2 54, M IE 7 (b) AT LA
T KE 10% By T SEHE S b & T R & =0 i E A
SRS K, SR T FhOT R K



- 116 - JERE TRA2AR (A RBFA )

100 — )

2 1o
;_p /—-\._.,a—._v
é ——As —Cu —7Zn

8 1L ——Cd —-THg
4 E —Cr —Pb
& [
# Ol
1 1 1 Il 1
0'010 2 4 6 8 10 12
& AL
(a) TH-13%

2021 4E
100 5 3
ap 10 L
o '—W
£ +é§ ~—Cu —Zn
) —— +Hg
Zﬂ 1F ——Cr —Ph
|
= 0lF ’\0/’\./*/‘\/’"\
+H
L 1 s 1 n | 1 1
0'010 2 4 6 8 10 12
ke €74
(b) £ 7K FE10% £ +- ¢

BT SRS KR 109 Y 38 A i Ei 42k

Fig.7 Repeatability results for dry soil and soil with 109% moisture content
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Table 5 Instruments used by two third-party testing institutions
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JLE R4 R e R R B4R e TR
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5 Vipimidiy T A
ca TPIPDBEET s semermeamsn O O seseman
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SR WA G R
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3 it

(1) IR 1 5] ST 0 N 2225 0 O ofe 1 2 I
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T 50% LA b, AE E SARERE S IR b, e g Dk e
HA8)G Cu.Zn As Pb Cr Hg JGE & & 19 & brifE
FZH BT B T 45.0% .42.8% .35.2% .

23.1% 27.5% 91.7% , W LIF H N f84 K
W E A RITR I B EE A BENRTHER,
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10% 1) 398, R I RRAR 38 5 /KR T DA bt i
Heon R E A
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An EDXRF detection method of heavy metals in soil
based on new filter collimator

WANG LeiYue ZHAN KeTao YIN Liang®

(College of Mathematics and Physics, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Energy dispersive X-ray fluorescence spectrometers ( EDXRF) are small in size and low cost, but the
accuracy and reproducibility of soil heavy metal content measurements are poor. A new type of filter collimator for
EDXRF has been proposed in this work, and a multi-gear filter and an adjustable meshing collimating window have
been designed. The reproducibility and accuracy of EDXRF measurements incorporating the new filter collimator
have been verified. The results show that for measurements on self-made soil samples, the standard deviations of
Cr, Cu, Zn element contents were reduced by more than 50% after installing the new filter collimator. For meas-
urements on national standard samples, the standard deviations of Cu, Zn, As, Pb, Cr and Hg element contents
were reduced by 45.0% , 42.8% , 35.2% , 23. 1% , 27.5% , 91. 7% , respectively, after installing the filter col-
limator. These results show that installation of the filter collimator can effectively improve the reproducibility of
EDXRF measurements. When using EDXRF with the filter collimator to analyze soil samples with different moisture
contents, it was found that reducing the moisture content can effectively improve measurement reproducibility.
When the results for EDXRF with the filter collimator were compared with those of third-party testing agencies, it
was found that the measured Pb, As, Cr, Zn, Cu element contents were almost identical or showed only small
differences, indicating that EDXRF incoorporating the new filter collimator has high accuracy for most heavy metals
commonly found in soil.

Key words: filter collimator; soil heavy metal detection; EDXRF
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