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Fig. 1  Distribution of the elements content level in research

samples
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Table 1  Average concentrations of elements in research samples
N Cr Ni Cu Zn As Pb Cd Hg \ Mn
R 25
(mg/kg)  (mg/kg)  (mg/kg)  (mgrkg)  (mg'kg)  mg/kg)  (mg/kg)  (mglkg)  (mgkg)  (mg/kg)

e 57.3 24.9 20.7 68.0 9.60 23.5 0.079 0.038 76.8 540

(o fe
1# 80.3 35.5 49.5 200.4 11.2 66. 1 1.50 0.25 108 697
2# 76.3 32.3 28.6 89.4 9.8 30.3 0.14 0.03 93.8 599
3# 112.9 52.5 67.7 213.3 23.7 78.3 0.77 0.39 138 814
4# 63.5 30.1 19.3 94.2 3.0 32.4 0.19 0.02 107 718
S5# 79.7 34.2 38.1 88.5 17.5 35.1 0.20 0.17 133 448
O# 81.8 35.2 23.6 87.1 6.0 22.7 0.10 0.05 107 736
T# 284.6 149.0 66.3 123 3.0 14.6 0.09 0.05 211 532
8# 75.7 33.2 37.5 101 64.1 22.5 0.20 0.05 153 730
o# 70.4 23.9 22.1 46.8 8.6 24.2 0.04 0.10 81.9 336
10# 58.7 26.4 29.6 182 15.4 101 0.31 0.03 160 3281
11# 47.0 24.0 17.7 49.1 8.5 19.8 0.10 0.03 83.3 604
124 75.5 35.3 44.0 167.7 7.9 28.9 0.14 0.08 93.5 783
13# 66.3 28.0 26.4 64.7 11.5 23.3 / / 87.4 645
14# 69.9 34.1 31.6 87.5 10.9 26.9 0.17 0.08 99.2 762
15# 63.1 27.5 20.8 61.5 8.7 19.2 0.08 0.03 82.2 544
16# 51.5 17.3 15.9 44.2 6.7 22.3 / / 61.9 354
17# 95.8 50.9 44.0 139.8 12.5 39.7 0.97 0.21 247 673
18# 5587 4642 119 232 6.2 14.3 0.11 0.18 253 2495
19# 67.8 16.7 13.0 101.1 18.5 27.0 0.40 0.11 109 210
20# 65.5 30.4 23.8 74.2 8.6 22.5 0.05 0.03 85.9 564
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Table 2 RD values of AAS/AFS and WDXRF in different - iy 13.9%
laboratories 0 : ol l%/i
L . RD<5% 5%<RD 10%<RD RD>20%
LI AR 22 (% )
W 7 i S <10% <20%
€t Ni  Cu Zn As Pb RDAE {5
B/ME 2,09 1.71 2.14 1.85 2.04 2.84 o A g A
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AAS/AFS 85% 12.91 8.98 11.71 9.84 17.80 23.89 ﬁ%ﬁfﬁuﬂ(iﬁﬁ}iﬁlﬁl
90% 13.07 9.06 12.77 13.45 21.03 27.69 Fig.2  Distribution of RD control in different laboratories of
95% 13.82 11.35 19.94 15.43 22.80 28.12 AAS/AFS and WDXRF
BRIE 14.79 20.98 20.82 24.68 27.37 28.53
w/ME  0.62 1.22 0.82 0.70 3.45 1.93
e EL
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Table 3 Pass rate of RD control between the different
laboratories

W 7 i A % (% ) WE LA (%)
WDXRF AAS/AFS WDXRF AAS/AFS

Cr 100.0 95.0 Pb 100.0 85.0

Ni 95.0 90.0 Cd - 95.0

Cu 95.0 90.0 Hg - 95.0

Zn 95.0 90.0 A\ 55.0 -

As 90.0 85.0 Mn 95.0 -

T =" FIRIZITE T RMOTR BE SR SO AR

WDXRF J7ik kg 2w, Cr TR B9 Ka 2
XFVILER M KB &y AR T, T Cr VTR
A7 R AR AL, Cr JUR 10 KB 43 V LR KB
LR B R BCEASA TN R 1V G E i
R .
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Table 4  Pearson relevance analysis of AAS/AFS and WDXRF
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Cr Ni
W5 v BiH WDXRF |l )7 i JiH

WDXRF

Pearson {56 1.000 * *
AAS/AFS  BEMECHM) 000

Pearson #1514 1.000 * *
AAS/AFS B (3U) . 000

N 18 N 18
Cu Zn
e 7k TiH WDXRF |2 J7 TiH WDXRF

Pearson A5G 0.945 * * Pearson #56PE 0.911 * *
AAS/AFS  BEPECHN)  .000 |AAS/AFS  BEMECHM)  .000
N 18 N 18

As Pb
5 Ty iH WDXRF |l )5 i TiH

WDXRF

Pearson #{C1E  0.967 * * Pearson 151  0.929 * *
AAS/AFS  BEPE(UN) 000 |AAS/AFS  BEFECHM)  .000
N 18 N 18
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HIGHLIGHTS

(1) All the results of the study were obtained from actual soil samples through blind sample comparison tests.

(2) The monitoring results of AAS/AFS method and WDXRF method had the same testing effect and WDXRF
method had a better precision control level.

(3) Element content had a more obvious influence on the precision control level of WDXRF method.

(4) WDXRF method was more efficient for large quantities of soil sample monitoring and AAS/AFS method could
be selected for determination of low — content elements such as Cd and Hg because of their low detection

limits.
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ABSTRACT

BACKGROUND: In current ecological environmental monitoring, the standard methods used to determine the
total contents of inorganic elements, such as heavy metals in soil, include atomic absorption spectrometry ( AAS) ,
atomic fluorescence spectrometry ( AFS) and wavelength dispersive X — ray fluorescence spectrometry ( WDXRF).
OBJECTIVES: To evaluate the quality, validity and mutual comparability of the results obtained by different
analytical methods.

METHODS: Twenty actual soil samples of different types from different regions in China were selected and
inserted into the national soil environmental monitoring sample batch blind, and sent to 3 — 5 laboratories.
AAS/AFS, WDXRF and portable X - ray fluorescence spectrometry (p — XRF) were used to determine the total
amount of Cr, Ni, Cu, Zn, As, Hg, Cd, Pb, V and Mn in parallel.

RESULTS: The content of these elements was equally distributed at levels of <1.0, 1.0-2.0, 2.0 -10.0, and
10.0. The results show that 85% samples had better inter — laboratory relative deviation ( RD) of the WDXRF
method in terms of Cr, Ni, Cu, Zn and Pb. On the other hand, 60% samples had better RD using AFS method for
the As determination. Element content had more obvious effect on RD for WDXRF method. Generally, the inter —
laboratory precision control was good for both AAS/AFS and WDXRF methods, and the WDXRF method was more
desirable. Through further analysis of the parallelism between AAS/AFS and WDXRF methods (evaluated as the
relative deviation RD’ of the analytical results of these two methods) , it showed that almost all the RD’ of Cr, Ni,
Cu and Zn was less than 20% , and more than eighty percent RD’ of As and Pb was less than 20% . The results of
Pearson correlation and linear relationship analysis also show that the analytical results of two methods were highly
comparable. Additionally, there was also good comparability between the results of AAS/AFS and p — XRF methods
for determination of Cr, Ni, Cu, Zn, Pb and As.

CONCLUSIONS: AAS/AFS method and WDXRF method have equivalent test results. In actual monitoring task,
the determination of Cd and Hg with lower contents should be determined by AAS/AFS which have lower detection
limits. WDXRF should be chosen for the analysis large quantities of soil. Under specific experimental conditions,

the p — XRF method also can obtain an acceptable quantitative results.
KEY WORDS: soil; heavy metal elements; atomic absorption spectrometry; atomic fluorescence spectrometry ;

wavelength dispersive X — ray fluorescence spectrometry; portable X — ray fluorescence spectrometry; relative

deviation
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