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Abstract Elemental thin film standard sample is an essential experimental material for the determination
of inorganic elements in atmospheric particulate matter samples by X-ray fluorescence spectrometry
(XRF). The development of domestic element film standard samples that meet the requirements of

metrological traceability is of great significance for establishing XRF calibration curves in analysis of
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atmospheric particulate matter and to reduce the cost of purchasing film standard samples for users in XRF
laboratories. A technical route is proposed to use both ICP-OES based on the acid digestion system and
XRF by direct measurement to determine the element content in film samples, which is verified with the
determination of rare earth elements in thin film samples. The feasibility of the acid digestion system and
ICP-OES analysis method was explored with the coating solid powder material. The target element
recovery is 93. 3% —99. 7%. The experimental results show that the WD-XRF calibration curve established
based on the digestion-ICP-OES measurement results has a good linear relationship (i. e. the correlation
coefficient of each element is 0.997 8—1.000). The measurement result of the WD-XRF can meet the
requirements of metrological traceability, as expected. Based on the precision of the fluorescence intensity
data of the same batch of coated samples, the uniformity of the coating process was investigated. The
relative standard deviation of intensity was from 0.16% to 1.5%. The evaluation data of uncertainty of
measurement results shows that the fitting model errors of ICP-OES are the main components of
uncertainty of measurement results for low content filter membrane samples. The experimental results laid

the foundation for the subsequent collaborative analysis of standards for film samples of other series of

elements.
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atmospheric particulate matter; elemental thin film standard sample; X-ray fluorescence
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Table 1 Target elements and coating materials

HArtH B RE A R
Y YEF;
La LaF;
Ce CeF;
Pr PrE;
Nd NdF3
Sm SmF;
Eu EuF;
Gd GdF3
Th TbF3
Dy DyF;
Ho HoF;
Er ErF;
Tm TmF;
Yb YbF;
Lu LuF;
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1 10.0 mg/L,
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WG HESL N I=aXc+b, M8 H—F5, 5
BRI, 47 A FL 27 B3R AT o I 4k el
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Table 2 Fitting parameters of ICP-OES calibration curve

JLHR A R B — SRk —
/(mg+ L") /(pg s cm™?)
La 0.999 9 0.067 0.42
Ce 1. 000 0 0. 047 0.29
Pr 1. 000 O 0.048 0. 30
Nd 0.999 9 0.074 0. 46
Sm 0.999 9 0.076 0. 48
Eu 0.999 8 0.110 0. 69
Gd 0.999 9 0.093 0. 58
Th 0.999 9 0.078 0. 49
Dy 0.999 9 0.077 0. 48
Ho 0.999 9 0.074 0. 47
Er 0.999 9 0.078 0. 49
Tm 1.000 0O 0. 060 0. 37
Yb 0.999 9 0.076 0. 48
Lu 0.999 9 0. 064 0. 40
Y 0.999 9 0.071 0. 44

2.4 BRI R ICP-OES WU E /5 & #iA
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Table 3 Verification results of digestion system

and ICP-OES determination method

F b 6 P T s

(mg e+« L1 (mg e+ L1
Y YF; 1 000 995
La LaF; 1 000 971
Ce CeF; 1 000 966
Pr PrF; 1 000 954
Nd NdF; 1 000 942
Sm SmF; 1 000 955
Eu EuF; 1 000 951
Gd GdF; 1 000 971
Th TbF; 1 000 933
Dy DyF, 1000 965
Ho HoF; 1 000 997
Er ErF; 1 000 954
Tm TmkF; 1000 955
Yb YbF; 1 000 977
Lu LuF; 1 000 969
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WD-XRF calibration curve based on results of ICP-OES measurement.
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Table 4 WD-XRF measurement results of rare earth elementthin film samples and

investigation of measurement uncertainty components

e R 25 5/ CE Szl P VAN B/ N A/ PGB i/ 0 B R X A
(pg+ cm™%) (pg+ cm™ %) (pg+ cm™%) % ICP-OES  WD-XRF ANHHE B/ %
La 3.1 3.1 3.1 3.1 3.1 +0.4 0.52 11 8.3 13
15.0 15.0 14.9 15.0 15.0 +0.5 0. 35 2.3 2.5 3.4
Ce 6.1 6.2 6.1 6.2 6.2 +0.4 0.92 4.3 3.9 5.9
12.5 12.2 12.4 12.1 12.3 +0.4 1.5 2.0 2.6 3.6
4.2 4.3 4.2 4.2 4.2 +0.3 0.72 6.1 0. 04 6.1
br 14.1 14. 2 14.1 13.9 14.1 +0.3 0. 87 1.7 0.02 2.0
Nd 5.2 5.3 5.1 5.3 5.2 +0.6 1.1 6.5 10 12
18.8 18. 4 18.5 18. 7 18. 6 +0.8 0.98 2.0 3.7 4.3
5.0 5.1 5.1 5.0 5.0 +0.4 0. 82 7.5 3.6 8.4
Sm 17.2 17.1 16.9 17.1 17.1 +0.5 0.63 2.3 1.4 2.7
Eu 4.7 4.6 4.7 4.7 4.7 +0.6 0. 82 12 1.3 12
17.6 17. 4 17.3 17.1 17.3 +0.6 1.1 3.2 0. 46 3.4
Gd 4.6 4.6 4.6 4.6 4.6 +0.5 0.16 10 4.3 11
16. 8 16. 8 16. 7 16. 8 16. 8 +0.5 0.33 2.8 1.6 3.3
H 5.0 5.0 5.0 5.0 5.0 +0.4 0.57 8.1 0. 57 8.2
17.7 17.7 17.6 17.7 17.7 +0.4 0.23 2.3 0.22 2.3
Dy 3.8 3.8 3.7 3.8 3.8 +0.5 0.61 9.3 10 14
13.0 13.1 12.9 13.0 13.0 +0.7 0. 39 3.0 4.0 5.0
Ho 3.2 3.3 3.3 3.2 3.3 +0.4 1.4 12 3.5 12
12.0 11.9 12.0 11.8 11.9 +0.4 0.58 3.2 1.3 3.5
Er 4.7 4.7 4.7 4.7 4.7 +0.4 0. 37 8.9 1.3 9.0
17.5 17.6 17.5 17.5 17.5 +0.4 0.32 2.3 0. 47 2.4
T 3.7 3.6 3.7 3.6 3.6 +0.3 1.3 8.8 0. 83 8.9
12. 4 12.5 12.4 12.4 12.4 +0.3 0. 37 2.5 0. 33 2.6
b 4.9 5.0 1.9 4.9 4.9 +0.4 0.58 8.2 0.58 8.3
17. 4 17.3 17.3 17.3 17.3 +0.4 0.32 2.2 0.22 2.3
Lu 4.3 4.3 4.3 4.3 4.3 +0.4 0. 26 8.1 1.2 8.2
12.7 12.8 12.7 12.8 12.8 +0.3 0.41 2.6 0.53 2.7
v 5.0 4.9 4.9 5.0 4.9 +0.4 0.74 7.3 1.9 7.6
17.8 17.8 17.7 17. 8 17.8 +0.4 0. 24 2.0 0. 70 2.2
x5 WMACENELERTHEESEILR A
Table 5 Comparison of the uncertainty components of 3 cate
content determination results between two groups /% FH E K R dEY) 7 ICP-OES 23 ¥ J7 15 HE 14
o R A
a3 — A\E?CEP{)(()?SE WOXRE h;y/am%ﬁyg 0 7 e 2R U A i % L AR S JBOME [ I_]#it;ﬁflﬁ{ﬂ"
amak 0 ey ORI WD-XRF SOt L e 2 5
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