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Fig. 3 Correlations between concentrations of heavy metals measured by in situ PXRF, ex situ PXRF and laboratory analysis

Fig. 2 Correlations between heavy metal concentrations certified in the certified reference material and the values measured by PXRF



(PXRF)

593

PXRFJ5v il 2 PXRFSF il &

4
e

o}
il

S 2 H AL
AFS » (S nee
20~40
" 4 40~50
50~60
m 60-70
EE 70-80
. 80411
Pb (mg/kg)
86~530
530~700
700~1 300
m 13002200
B 22002 400
B 2 400~5 862

Cu (mg/kg)

79~130

130~150
150~170
170~190
190~230
230~317

Zn (mg/kg)
231~600
600~1 000

1 000~1 500
1 500~1 900
1 900~3 000
3000~9 120

AAS

4 FEXEBIEESRE PXEFZRM. RUNEERERELBENEEN=ESH

Fig. 4 Spatial distributions of concentrations of As , Pb , Cu and Zn in soils measured by in situ PXRF, ex situ PXRF and laboratory analysis

/n As 7Zn
As Pb Cu Zn

[30-31]
As Pb Cu Z/n PXEF
PXRF As
Pb Cu Zn
3
X (PXRF)
As Pb Cu
/n PXRF
PXRF
GIS
PXRF As Pb
Cu Zn

(2]

(3]

(4]

(3]

(6]

(7]

(9]

1. ,2012, 12(1): 138-146
. , 2007, 38(4):
732-736

1. ,

2013, 44(4): 987-992

, . [M].
,2004: 175-178
. [M]. : s
1999: 370-396
Burt R, Wilson MA, Mays MD. Major and trace elements
of selected pedons in the USA[J]. Journal of Environmental
Quality, 2003, 32(6): 2 109-2 121

[J]. , 2006, 25(1): 108-109

, , , . X

(PXRF) [J.
, 2012, 31(5): 522-526

U.S. EPA. Field portable x-ray fluorescence spectrometry
for the determination of elemental concentrations in soil
and sediment, Method 6200. 1998



594

47

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Palmer PT, Jacobs R, Baker PE. Use of field-portable XRF
analyzers for rapid screening of toxic elements in FDA-
regulated products[J]. Journal of Agricultural and Food
Chemistry, 2009, 57(7): 2 605-2 613

Peinado FM, Ruano SM, Gonzalez MGB. A rapid field
procedure for screening trace elements in polluted soil
using portable X-ray fluorescence (PXRF) [J]. Geoderma,
2010, 159(1/2): 76-82

, . X
[J1. , 2010, 35(3):
99-102
5 s B s . X
Cr, Cu, Zn, Pb  As 7.
, 2010, 30(10): 2 848-2 852
, , , , . X
[J1.
, 2012, 32(3): 826-829
X [J1.

, 2006, 18(4): 15-18

Mclaren TI, Guppy CN, Tighe MK. A Rapid and
nondestructive plant nutrient analysis using portable X-Ray
fluorescence[J]. Soil Science Society of America Journal,
2012, 76(4): 1 446-1 453

[J. , 1998,
17(2): 4346

(3)M].
, 1995: 227

[J1.
, 2003, 32(2): 131-138
Melquiades FL, Appoloni CR. Application of XRF and
field portable XRF for environmental analysis[J]. Journal
of Radioanalytical and Nuclear Chemistry, 2004, 262(2):
533-541

[21]

[22]

[23]

(24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

Bernick MB, Getty D, Prince G. Statistical evaluation
of field-portable X-Ray-fluorescence soil preparation
methods[J]. Journal of Hazardous Materials, 1995, 43(1/2):
111-116

Kalnicky DJ, Singhvi R. Field portable XRF analysis of
environmental samples[J]. Journal of Hazardous Materials,
2001, 83(1/2): 93-122

Hu WY, Huang B, Weindorf DC. Metals analysis of
agricultural soils via portable X-ray fluorescence
spectrometry[J]. Bulletin of Environmental Contam-ination
Toxicology, 2014, 92(4): 420426

U.S. EPA. XRF technologies for measuring trace elements
in soil and sediment. Niton XLt 700 Series XRF Analyzer,
Innovative technology verification report EPA/540/R-06/

004 (2006).US EPA. 2006

(NY/T395-2000) [S]. : ,

2000
, s 5 s . X
[J1. ,
2012, 21(4): 760-763
0. , 2009, 28
(6): 253-257
GIS
1. ( ), 2012, 43(2):
232-238
1. , 2012, 44(4):
613-620
. , 2009, 18(5): 1 772-1 776

> >

s

1. ;

2013, 45(6): 1 0361 047



3 X (PXRF) 595

Application of Portable X-ray Fluorescence (PXRF) for Rapid
Analysis of Heavy Metals in Agricultural Soils Around Mining Area

KUANG Rong-xil’z, HU Wen-youz*, HE Yue™*, HUANG Biao?, ZU Yan-qunl, LI Yuan',
ZHAN Fang-dong', ZOU Xiao-leng', WANG Bao’

(1 College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2 Key Laboratory of Soil
Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 3
Nanjing Institute of Environmental Sciences, Ministry of Environmental Protection, Nanjing 210042; 4 State Environmental

Protection Key Laboratory of Soil Environmental Management and Pollution Control, Nanjing 210042; 5 Science and
Technology Engineering Research Center of Land and Resources, Yunnan Agricultural University, Kunming 650201, China)

Abstract: In view of the increasing soil metal contamination in China, it is urgent to develop fast and accurate analytical
method for heavy metal detection. In this paper, portable X-ray fluorescence (PXRF) was employed for determination of As, Pb,
Cu and Zn concentrations in agricultural soils around a mining area in Huize, Yunnan Province. The results indicated that: 1) The
accuracy and precision of PXRF were able to meet with the national procedural regulations regarding the environment quality
monitoring of soil. 2) Concentrations of heavy metals in soils measured by PXRF were consistent with those measured by the
conventional laboratory method and the coefficients of Pb, Cu, and Zn concentration measured by PXRF and laboratory analysis
were generally above 0.70. 3) Spatial distribution patterns of As, Pb, Cu and Zn in soils in study area were similar based on the
detection results by in situ PXRF, ex situ PXRF and conventional laboratory method. In general, PXRF is a valuable tool for rapid
detection and identification of “hotspots” of As, Pb, Cu, and Zn pollution in agricultural soils around mining areas.

Key words: Portable X-ray Fluorescence (PXRF); Mining area; Agricultural soils; Heavy metals; Rapid detection



